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Abstract >> This paper quantitatively analyzes the causes of ammonia-filled- cyl-
inder rupture based on Tait equation and the safety guidelines, focusing on liquid
expansion, internal temperature, and overfilling. When there exists a safety vol-
ume, i.e., gas-occupied volume within the ammonia cylinder, the internal pres-
sure due to temperature rise corresponds to the vapor pressure at that temper-
ature, with an approximate circumferential stress increase of 1.43 MPa/C. In
the absence of the safety volume, the internal pressure due to temperature rise
matches the pressure of the compressed liquid ammonia at that temperature,
and the resulting circumferential stress gradient in the cylinder shell is approx-
imately 55.94 MPa/C.

Key words : Ammonia cylinder(% 2 L|of & 7]), Liquid expansion(2 % ), Overfilling
(145 H), Cylinder rupture(£ 7| I+¥), Safety volume(Qt X K 0] )
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Table 1. Ammonia properties and the limits of exposure
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Name Ammonia
Formula NH;

Molecular weight 17.031

Relative density of gas (air=1) at 1 atmand 21.1C|  0.588
Lower explosion limit in air 16 vol%
Upper explosion limit in air 25 vol%
Threshold limit value 25 ppm
Permissible exposure limit 50 ppm

Sl g ol Sl 9184

w7k obA ZITh 7]% 2 7]35(2024-2027); 7S 4
Folch HZ 1083 P%LHOM S A o

o
-

WLorfe 1o rfr € o o rt.l
i
N

2 -
AFACIA SR BE S F7) B 9R
2ol ofgt o o] T uigto] A4
o FAsHT Qo Swsh HFAY B R
Qre) wislo] ofet ARAR) AL oj2olx7| ook
TH(Table 2, Fig. 2)°. &2le] A4 ohmuio} £7]e)
o dRloRE W FA, 2% o] whE Ay
Zo] Mgl Q) 78)
o] =M= A dEYor T &719 =i
g A S FA02 Ty 0lS x| WE Y

= gl g

lo

5 qkelat o wake F4

il

Table 2. Domestic accidents by ruptured ammonia-cylinder (inner volume=101 L)

Cases Incident date Manufacture date Place Injury Presumed causes
Case 1 13 March 2016 July 2013 Heat treatment factory (Busan) 1
Liquid expansion due to
Case 2 14 September 2018 March 2016 Heat treatment factory external temperature
(Gyeongangnam-do) .
increase
Case 3 13 November 2018 July 2014 Heat treatment factory (Gyeonggi-do) 1
Case 4 02 December 2018 October 2014 onia ﬁlhr}g station Overcharged
(Gyeonggi-do)

Vol. 35, No. 4, August 2024

(b)

(c)
Fig. 2. Example of ruptured ammonia-filled cylinder (case 1). (a) The shape of ruptured cylinder, (b) ruptured length of shell weld part
(approximately 32 cm), and (c) ruptured length of lower head weld part (approximately 22 cm)
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Table 3. Analysis of material composition (unit: %)

C P S Mn Si

Composition | Max Max Max Max Max
0.20 0.04 0.04 1.50 0.55
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Table 4. Results of tensile strength test

Cases Tensile strength (N/mm?’)

Case 1 0.08 | 0.012 | 0.004 1.35 0.14

Case 1 601 (weld metal)

Case 2 0.08 | 0.010 | 0.004 1.33 0.08 Case 2 592 (nase metal)
Case 3 0.09 | 0.013 | 0.002 1.34 0.14 Case 3 604 (base metal)
Case 4 0.08 0.012 | 0.002 1.38 0.16 Case 4 592 (base metal)
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Fig. 3. Trajectories of circumferential stress with temperature and filling conditions
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