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Physical properties of some cryogenic gases

Gas Oxygen Nitrogen Argon Hydrogen Helium LNG Carbondioxide
Chemical symbol 0, N, Ar H, He CH, o,
Boiling point -183 -196 -186 -253 -269 -161 -785%)
al 1013 mbar [°C]
Density of the liquid 1,142 0,808 1,40 0,071 0,125 0,42 1,17877)
at 1013 mbar [°C]
Density of the gas 1,34 1,17 1,67 0,084 0,167 0,72 1,85
at15°C, 1013 mbar
[kg/m3]
Relative density 1,09 0,95 1,36 0,0685 0,136 0,55 1,5
(Related to air)
at 15°C, 1013 mbar
Gas quantity vaporized 853 691 839 845 749 587 632
from 1 litre liquid [1
* temperature of sublimation ~ ** at 5,18 bar
Safety Advice. 1 - Handling of cryogenic liquefied gases. Page 1
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Examples: Liquid Cryogenic Cylinders lllustration of Typical Gauge & Valve Configuration
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Typical Cryogenic Cylinder & Apparatus

Relief Valve
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N N9O)

91950 M FYNNIN — BININIP BIHN)

noN

LOMNINIPI VIDIYN NIYINND NNOVN DX 90N

DY 180N IDIND JWHN IR MNINKD NIIYNT NV MHPNN NIPY 2070 TIMNDI NN NLYI Y
MNSYY NTIAYN NPNN 295 MYNVYS 18NN TOINT JWONN IR /) IRINNM NOININD NN PITL .ARIND
.DOIMNIPA DINVN TYWNI NNN DYD

.09 PN IR (DO ) OMPYY PN NODN 25970 RN
JWY IR NONNN DX0OWON THYN DX .QIVN 7Y PRYN IN; DININIPI MNINNND MO ¥1IJ THnN

YN0 0Y DN WNRNWN DX DYDY DY MDY (XNON P9 ) PNVLIAN DINDYI HINN NN 71T
INVIAN DINDYY MIMNINIPN TPSN DY NPYI IN MONRY INNIPN D3NN PIOL NYN

VN NP T/NINAD DI1NND DMVYN DINN DXIMN IN,TIVIY 1) ) )HWN D»P) DDINN DOV NVIN
9T 180N DY

NN MNIYO D912 DNNNIP DTN .DINNIP DY NTIAYY DMIRNNN OININ 2D NNIVYNIL NI
.DYWON) DYV DNHN T DY , 0727 DN DY NPINRPIVON DPNINON

ND 125510291 MNNY D15 DIPN D32 (XND PN ) PNV DINDY DPP N

SAVARAAVARIAY)
71792 MN DY NN PO 7 PNV DINDYA DXTIND NPND DN THIININIP NI INPTHON Y .1

DINDY NX TPNNPN PITAY W ARPTN MDY /7 NNON DY YWAN NDINY N80 NPOT PTH M) NND
NVIN

72YN NPX HAVY PN DN NPY PONND WINPT ODINI VINIWD PNIINNN NIAYN NN WHNYN
(DXTTI20 XD ) DY) NN MIANY INND MAWN DO

DN 60% ) N9YNM 809% IWNNI TN DN NOND PN ,INN DINY TANX HI01) D P2YN /7 DINRINND TWUND .

.(30°C Yyn N2>20N NNVINHL

IMINIP INPT DI TIND DN DIIVAN/ DINON DNON IN

.ND52 NP PP NNDAN NN MIND NDD YNND ¥1D Do YD TN NUI /N0
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TOOYNI WHNYN . MNXMN T MY WHNYD .01V D510 WNRNYN IX ,DININIP M WY
TOYN PRI YINOWA PN/ INNNY DIDIN IPO¥A DIOIMINIP DN PAYND ¥ (11N NN ) MY
D07 DOVIN NINDN XD DOYDN NIOYNI WHNWH MY

w
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AXNN2 ADIN YNNID YT 207N TINNND DIPNHA DIMNINIP DYDIN JONN
N2 PN /NNVLIA DINDY DY, NONND IWINRND 5302 PN TR WHNYN

DINDY NN PYTAY 29N PION .XNY P19/ PNV DINDY PP DY 90N IN ,DIDNN ,NONN IN ONYY
ARYT /9901 N9 29D XNON P9 / PNVLIIAN
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’2 NOO)

25N3 18190 4NY 7/ 90N YN

MYNNNRI MMINIP DTN DY TN IRXIND TN 7/ DTN NN (DXINK) 11D NN AVND 1N
: N2 IRNYND
Cox = 100* Vo

Vr
S IUND
3TN 7 99N2 380NN N3 - Cox
SAUND OMINIP DI NIV INKRD AVIND ( m3) P7NA ITNANNNN NI - Vo

Vo = 0.21(Vr — Vg)

(m3) PrNaTNN 7/ 59Na N9 -Vr
SIYND IINNVYNY 1D N - Vg
Vg = ( Fs) DN MOLWINN OTPN * ( m3) TOVIY MNNIPN DTN NI

NNRNYNI DXWNNYNA NI NIPND INNNN 11972 11PDY NON IR I NN INNYN 7 TOVI ON
Vo = 0.21(Vr - Vg) + Vg : NN

DMV DT NIAY MOLYINN PNTPN Fs

543 = 28NN YT 1IN 824 = NIN 842 = 18NN 683 = )N

665 = TPOPIN DIV 739 = DVON

DVIN NINNPNT
2 DV UVNINON N9V NAY DN ITNL INNNN 11D NAY NIWINN NMINNDNT

1IN VY 25 N
1¥NN VY 25 .

120 m3 DY N9 VP TTNA DTN JPIN VD 25 DY NIOY N

Vr =120 m3
Vg = 25*683 =17.1 m?3
1000

7712 52pPY »715 1000 — 2 ©IVIDA NOAVIV MNON NN OIPONN
Vo = 0.21(120 — 17.1 ) = 21.6 m3

N2%9WN INNKD TN INNNN I
Cox = 100*21.6 = 18%
120
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120 m3 5V N9 JOP TTNA OS5I INNN TVY 25 DY NDOY .2

Vr =120 m3
Vg = 25*842 =21.05m3

1000
Vo = 0.21(120 — 21.05) + 21.05 = 41.82 m3

N2°9VN INND TN INNNN 11D
Cox = 100*41.82 = 34.85%
120

mMaYn
.VINA NNPDI NPIR NININ 7 PNRD MATNN 1991 2T 1T TaV Dy DX0DINN DN DXAIWIND

AN ODNN PIPYIV NDTY T DY NNININ INNNN NN NIYYND IN INNNND NN DTN
SV MINN / PNRND MADNN YT DY 595 TIT72 NOIDN ,NMIVP NIAW IX (DMDN AT PIS TYNI)
.DNONN ITNN

PTIP NOIOIDNN = NPH
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MNMPNn
Cryogenic Liquids — Hazards, The Canadian Centre for Occupational Health and Safety (CCOHS)

http://www.ccohs.ca/oshanswers/chemicals/cryogenic/cryogenl.html

Cryogenic Gas Risks ' BOC industrial gases uk, The Linde Group

http://www.boconline.co.uk/en/sheq/gas-safety/qas-risks/cryogenic-gas-risks/cryogenic-gas-risks.htmi

Laboratory Safety Cryogenic Liquids , WVU Robert C. Byrd Health Sciences Center , West Virginia University

http://www.hsc.wvu.edu/safety/Laboratory-Safety/Cryogenic-Liquids.aspx

Cryogenic Safety, Environmental Health & Safety, North Carolina State University

http://www.ncsu.edu/ehs/www99/right/handsMan/worker/Cryogenic _Safety.htm

Cryogenic Liquids Precautions and Safe Handling Procedures, *(University of California, Berkley

http://ehs.ucr.edu/laboratory/Cryogenic%20Liquids%20Precautions%20and%20Safe%20Handling%20Procedures.pdf

Safe Handling & Use of Liquid Nitrogen and Other Cryogenic Gases, Office of Engineering Safety Texas Engineering
Experiment Station (TEES) & The Dwight Look College of Engineering/
http://labsafety.tamu.edu/training/labsafety/PDF/12 LN2Cylinders-color.pdf

Safety Advice. 1 — Handling of cryogenic liquefied gases. The Linde Group
http://www.abellolinde.es/internet.lg.lg.esp/en/images/Safety Advice 1302 25930.pdf

Care with Cryogenics. BOC, The Linde Group
http://www.boconline.co.uk/internet.lg.lg.gbr/en/images/Care-with-Cryogenics410 39729.pdf

9. OSHEU Guidance Document Working with Cryogenic Gases Cardiff University

INOYPN PN 10.

BS EN 13458-1:2002 Cryogenic vessels. Static vacuum insulated vessels. Fundamental requirements

BS EN 13458-2:2002 Cryogenic vessels. Static vacuum insulated vessels. Design, fabrication, inspection and testing

BS EN 13458-3:2003 Cryogenic vessels. Static vacuum insulated vessels. Operational requirements

ASME Boiler and Pressure Vessel Code INPINN PN 11.

NFPA 55-2013 Compressed Gases and Cryogenic Fluids Code INPINN PN .12
2006 (MPNRWI) MY NINTNN DMNXIDT O MOIWN G-01 YN .13

NN TIVN , ANIDT HHTOM 213521 MN’D PNIN N3 NNNINA

(089-N) MMM MNPV TOIN NRIINA TN MNPV VDN — DY) .14
.15 Handbook of Compressed Gases [Compressed Gas Association Inc.]

(4th Edition).
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http://www.hsc.wvu.edu/safety/Laboratory-Safety/Cryogenic-Liquids.aspx
http://www.ncsu.edu/ehs/www99/right/handsMan/worker/Cryogenic_Safety.htm
http://ehs.ucr.edu/laboratory/Cryogenic%20Liquids%20Precautions%20and%20Safe%20Handling%20Procedures.pdf
http://labsafety.tamu.edu/training/labsafety/PDF/12_LN2Cylinders-color.pdf
http://www.abellolinde.es/internet.lg.lg.esp/en/images/Safety_Advice_1302_25930.pdf
http://www.boconline.co.uk/internet.lg.lg.gbr/en/images/Care-with-Cryogenics410_39729.pdf

