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Abstract All too often accidents occur on industrial sites because managers and employees do not
understand the risks posed by hazardous materials. Businesses that manufacture and handle organic
compounds should conduct risk assessments on the thermal stabilities and explosion risks of all on-site
substances. When phthalic acid is exposed to heat, it produces corrosive, toxic gases, which should be
borne in mind by managers and workers, especially by those responsible for handling the material. In
this study, we exposed dinonyl phthalate, dipentyl phthalate, and diallyl isophthalate to high pressures
and observed temperature and pressure changes with respect to time using the Mini closed pressure
vessel test(MCPVT). Pressure changes were observed for all three phthalate esters within ~ 30 minutes,

and dinonyl phthalate had the highest decomposition pressure (16.50 kg/cm*G in Dinonyl phthalate).
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Table 1. Characteristic of phthalate
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Chemical name Dinonyl phthalate Dipentyl phthalate Diallyl isophthalate
Molecular formula C26H4204 Ci8H2604 Ci4H1404
CAS NO. 84-76-4 131-18-0 1087-21-4
Formular weight 418.62 306.4 246.26
Flash point 215 °C 110 °C 163 °C
Boiling point 413 °C 342 °C 177 °C
Specific gravity 0.972(H,0= 1) 1.026(H;0= 1) 1.125(H,0= 1)
Vapor density 14.45(air=I) 10.50(air=I) 8.50(air=I)
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Fig. 1. Schematic diagram of experimental apparatus
for mini closed pressure vessel test.
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Fig. 2. Variation of gauge pressure & temperature for
air by mini closed pressure vessel test.
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Fig. 3. Variation of gauge pressure & temperature for
Dinonyl phthalate by mini closed pressure
vessel test.
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Fig. 4. Variation of gauge pressure & temperature for
Dipentyl phthalate by mini closed pressure
vessel test.
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Fig. 5. Variation of gauge pressure & temperature for
Diallyl isophthalate by mini closed pressure
vessel test.
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6. Variation of time & temperature for blank,
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7. Variation of time & pressure for blank,
Dinonyl phthalate, Dipentyl phthalate and
Diallyl isophthalate by mini closed pressure
vessel test.

6. A&

meige] 984S Bkl giste] MCPVTE] A
Aoz Lrel deo) Wzl Be BeA5e 24

pal

3 A3 cheat 2

1) Dinonyl phthalate2 20% 14%°]4 104.5 °C

BIoA ko] 0.51 kg/ar.GS] WSkt WAt
dor, &7 Yol Hoitge oF 16.50 kg/cm’.G
£ U9t

2) Dipentyl phthalate2 29% 21%0]4] 207.9 C

570

[1] D. M. Ha,

[B1 C. Yu Y. L Li

9] 2%7} HAS W 1.24 kg/cm’G 9 o]
A= om, §7] WY 2&wsto] gt iy
g2 11.35 kg/cm’.GE YJEY T

Diallyl isophthalate®] 790l 30& 06zl

2T 205.11 Colx, ol 42 oF 1.24

kg/em’.GE  FIlgoH  HqdEe 1117

kg/cm®.GE skgict.

4) Dinonyl phthalate, Dipentyl phthalate, Diallyl
isophthalate 2F 308 3} Alof| 4] W}
Y919, Dinonyl phthalate®] E382o]
71 =4 UeieE AL Ik

3

g

References

‘Measurement and Prediction of
Combustion Properties of di-n-Buthylamin”, Journal
of Energy Engineering, Vol.28, No.4, pp.42-47, 2019.
DOI: https://doi.org/10.5855/ENERGY.2019.28.4.042

[2] Y.]. Choi and J. W. Choi, “Experimental Study on the

Changes in the Oxygen Concentration and the
Pressure at Temperature of 200 T for the Assessment
of the Risks of Fire and Explosion of Propylene”,
Korean Chemical Engineering Research, Vol.58, No.3,
pp.356-361, 2020.

DOI: https://doi.org/10.9713/KCER.2020.58.3.356

M. LS. Y. Dai and L Ma,
“Characteristics and Hazards of the Cinnamaldehyde
Oxidation Process”, Royal Society of Chemistry, 2020.
DOL: https://doi.org/10.1039/c9ral0820c

[4] B. Wang, Y. F. Huang, P. F. Wang, X. J. Liu and C. Yu,

“Oxidation Characteristics and Explosion Risk of 2,
5-Dimethylfuran at Low Temperature”, Fuel, Vol.302,
No.121110, 2021.

DOI: https://doi.org/10.1016/j.fuel.2021.121102

[5] D. K. Jung, J. W. Choi and I. G. Choi, “A Study on the

Explosion Pressure Behavior of Methyl Ethyl Ketone
Peroxide with Addition of Sulfuric Acid”, Journal of
the Korean Institute of Gas, Vol.8, No.4, 2004.

[6] K. G. Kwon, Y. E. Kim and J. S. Ma, “Safety Evaluation

for the Risk of Explosion on Lithium Batteries”,
Korean Institute of Fire Science and Engineering,
pp.371-375, 2011.

United National, “‘Recommendations on the Transport
of Dangerous Goods”, 21th Revised Edition, 2019.

Z. Fu, X. Li, H. Koseki and Y. S. Mok, “Evaluation on
Thermal Hazard of Methyl Ketone Peroxide by Using
Adiabatic Method”, Journal of Loss Prevention in the
Process Industries, pp.389-393, 2003.

DOI: https://doi.org/10.1016/s0950-4230(03)00067-6




22U L7] A Qg mEibglo] BaA o] Bt AF

[91 G. E. Kim, “Thermal Decomposition Characteristics of
Organic Peroxides”, Occupational Safety and Health 2o x . x5l
Research Institute, pp.9-16, 2001. 2 7 O(Yu_Jung Choi) (Hal2]

[10] X. Li, Z. Fu, H. Koseki and Y.S. Mok, “Study on the .
Decomposition of Methyl Ethyl Ketone Peroxide and * 20179 24 @ et et
Assessment SADT of an Accident in Korea’, s+l Arbgsk} (FSHAD
gp.L089l-1093\,/ lp]]i'oill'e:s's. irsl ‘Safetslf) Sciezrgc(;az and - 20214 29 : BAYsw gk

echnology, Vol.Ill, Neijing Science Press, . s19) anpmala (otkAp)

(111 R. H. Chang, M. H. Yuan, J. M. Tseng, C. M. She and .« 20184 99 ~ &A - BAGET
Y. S. Duh, “Thermal Runaway Hazard Analysis on /\()H}i:?é ek
Methyl Ethyl Ketone Peroxide with Incompatible AFEe} ARPIAL
Substances”, APSS, pp.9-13, 2003.

[12] D. Yang, H. Koseki and K. Hasegawa, ‘Predicting the
Self-Accelerating Decomposition Temperature(SADT) (T Eol)
of Organic Peroxides Based on Non-Isothermal Apofuls}l SERE FFAOKH
Decomposition Behavior”, Journal of Loss Prevention ' ’
in the Process Industries, Vol.16, pp.411-416, 2003.

DOI: https://doi.org/10.1016/s05950-4230(03)00048-2

[13] J. Peng and K. Hasegawa, “On the Measurement of - Y xMsle
Violence in the Heating Decomposition of Self-reactive 0l & 2(Byoung-Lim Lee) [gel2]
Substances”, Loss Prevention and Safety Promotion in
the Process Industries, Vol.1, pp.287-301, 1995. « 20139¢ 1299 : H]E AEYHE

[14] B. J. Thomson ‘International Cooperation in et 71ed ekt (AP
Hazardous Materials Accident Prevention”, J. Loss + 19984 1€ ~ @A : e
Prev. Process Ind., Vol.12, No.3, pp.217-225, 1999. B

[15] W. Kwon, J. Y. Kim, K. Y. Lee and E. G. Jeong, « 20204¢ 99 ~ @A : BAYEtL
"Correlation between Volume and Pressure of - _ _

= HFElE. AHFIERA
Dichloromethane using Equation of State', Journal of AF-aHFeh 2T
the Korean Society of Dyers and Finishers, Vol.33, EAERY)
No.3, pp.141-146, 2021.
DOL: https://doi.org/10.5764/TCF.2021.33.3.141 (THAIEOE
SN, AdTe], FARATE
2 A H(Sam-Yeol Yoo) (M3

20079 8Y : AUt AT
St (B4

* 20209 8¥ : TS 54

BT 2YFIAT (A )

R + 20084 9Y ~ EA : FEAue

= N N °
l!l e (RYus
AR

B, hEY

571

% X 2(Jae-Wook Choi) (M3
- 19899 29 : Sojefela SH91E
Stat (B84

19944 24 @ Foffistu ez
stat (Zspatap

19999 1€¥€ ~ 20004 1¢¥ : 4=
AdoHIATA AdTS

1997¢ 349 ~ @A : EAdHstn

A B4



