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1. [XC®HIZ —Introduction

EFTHIRRBRIIBETRRELSITERTEREARESN, FRERIEBRTHD=-OITEET
BRRERHEZTD, TOMHEERSICH>TRENODEIICFIALZTNIEESHL, CSTIEZDE
(TELTEFIDOMECFEAEICEISIERNLGEIELZRAT S,

F9, AETIE BEFRARRELBENRADOEREBRICENT S, RIZ, F2ETEFIFAOMBEICH
[TERT REEARMBIELINET S, EIETHE, EFNOFMERABLAZBRD, -, F4EITIK
EFMAOBICEREEDONIEHEH E -, LHL, INLIEREBLELHMBTHLDT, EEEER
FITOANESHITR B GIEBRBMOAREFRA TIEEZLY,

(EADEALLIZDULNT —Unit of pressure)

FEHOEMIT S| B R (EREMAR) TIE PaUSRAL) THHH, tIZRETHLERAMIZALSAS
kgflcm?, psi, Torr £ DEMAH D, 12, psi (L&A ARBHMBOEHFIZELEONS, RT
BREBEARRRETHE, Pa(F—CRE)NMEDNTINS, ¥ —PEEFRREEZOELTRIRENTE
AT, IFETEAVLGND (MEZEDLETIIEZZOLL, KREZT1KELTDERMEZRALSD),

Pa(=N/m?) Torr(=mmHg) | kg/cm? psi(Ib/in?) atm(xE) KE (m)

1 7.50062x1072% | 1.020x10°° 1.4504x10~4 9.869x10°° 1.0206x10~*
133.322 1 1.360x10°° 1.9337x1072 1.316x10°° 1.3607x10°2
9.80665x10* 735.559 1 14.2233 0.967841 10.0090
6.89476x10° 51.7149 7.031x1072 1 6.805x1072 0.703704
1.01325x10° 760 1.03323 14.6959 1 10.3416
9.79781x10°3 73.4896 9.991x10°2 1.42105 9.670x1072 1

1 bar=10° Pa =1.0197 kg/cm?=0.98692atm=14.504 psi,
Ib: libra(EERUK), 1 GKE ton)/ft’= 0.94508 atm, 1 Pa = 1 N/m?=10 dyn/cm”

psi: pound per square inch

1. 1 BEARBRZIZONT
BEAARREEIBEARICLIKEEHLTHEEBMELTHESW -, BISERRZ LI,
BEAREFORE, IFE, HBICEL, TOBRAAEERIEAGELENT RERRELDEL
3, M>T, BEARZHETHEENYTHS, TIoZFERATIE(RFEOFELEBE) LiEEE

IESEL, BHBHIEENHDREDHERICBELETAEESEL,

1.2 BEHRADEELES

BEHRDSL, BITHRATHILDEEMAR], RATHIEDENRIETRIEED TS, BE
ARRRETERINDEEARIIHEDYELIET IO TIILL, HEDKETHAEMHHR
& HEIBEDYEELDNRIEARITHIRKTEEZER).



1. EMEHRT, BE35 CIZTBWVWTEALLMPa UETHIED(TEFLUER)
2. EMET7EFLUAAT, BEILS CITEWTEAN0.2 MPa UETHZED
3. BILART, £50.2 MPa LA ELLZREMNIS CLUTDED
4, FEELS T, BHICEHONI-ED(RIES
TALKFR, BILTOLAFIL, HILERIE ‘ BEARTIEAL
. EAH | A
IFLY) (MPa) / \i
TRALH ZDE N IFBMASE THEIN S, | c

0.2MPa ZHBZ5BEMN, ThEh, —189 °C (02)
{3, —268 C{HETHY, 35 EXYIEHHIZ
ELDT, BEHFRATHD.

BREROEIEAYS AL, BHESEH ol A#fl ,,,,,,,,
e
|
|
|
|

35 X BE (C)
(15)

Fig. 1. HADEKELREDHE K

1. 3IE/MEHRDEE, T, HE
EEHAOIEE | LIEER, RIEZOMOARITEIYEETRDREEZANANITESIETHD,
REBEIGLTEEETADRFECLEENVELLDIGEENHD,
Bl BEAREIVEVWENDOBELARICTEIIE, #HIZ, KYEADEBLEEARIZTEIE(RE
HADBEMSVRT77—)T, HOBRIEHH0.2 MPa LUl EELDIZEELE)

(EHILIE, B, —EOBHI—EREBA TEEARORETECETHE. HHBITHLT
BEEEFAQRHECBHABELSANHD,
Bl B ERAI— LR T/ KL —5(CE)

DEEILFBERGEEZFESTREARANSEEARATHVVKREABITSEHIETHS.

Bl BEBRMCFABRERF[RIE)NDBE

HARVANSBER(LFaL—)ENLTRMICHREE DD
DEOHEEBICITFICRFIGOD, HEORT EDRENEDONTIND, F-, FAICEEET
~DEHBENBEREELH D,



2. BEXFBADO—BAEEEE —Cryogen Usage Techniques and Safety

RERLGERDMEEE Table 1.ISEEHTRT . WTNLRELEL - BRAILEA /NS - R IFIZH
T HHADEELE (BRI AARZVEVSTEAHY, EE-BR(ZR) -BREODFHITOLHYDPT
L cNoDEEZIKCEFELTRYRICENEETH S,

Table 1. shows the summary of the physical properties of some typical cryogens. These possess
low boiling point, relatively lower latent heat, large volume ratio of the gas and liquid. In using the
cryogen, there exist possibilities of accidents of frostbite. lack of oxvgen (suffocation).
explosion, and others. It is important to understand their properties very well and handle the
cryogens.

Table 1. ZEZIOME Cryogen properties

ik SFE R (K #E (glem®)’  #BE(callem®) B
Liquid Molecular weight Boiling point Density Latent heat Volume ratio
0O, 32.0 90.19 1.144 58.2 800
N, 28.01 77.35 0.808 38.5 647
*He 4.003 4.216 0.125 0.62 700
*He 3.000 3.1905 0.059 0.12 440

T3 %l 4 % (2014), p.383.(Chronological Scientific Tables 2014, p. 383)

*BIELL: BRTORKDAEIELOC, LRETORADKRIELDL

Volume ratio: the ratio between the volume of the liquid at the boiling point and that of the gas at 0°C
and 1 atm.

2.1 H#IZEE —Pay Attention to Frostbite
ERIZRYIRSE, TROIIGRETFENREICGLAREELH D,

In the handling the cryogen, your hands and foots may be frostbitten by causes mentioned below.

[[RE&] Causes

a) MBLE-EROCEHLEZAKARICRFORRLESEND,

When the bare hands or body are exposed to a cryogen or cold gas.

b) FSURT7—Fa—T DAHBEDBERKEIG--ERICMNG, PEDRAKREREFOLIC
CIELTH, HBREBZERARATHRENRESNDIOTEREIIGSLVD, RARERTAAL-EEE
FFTEDL, HRIZEDBBREN LV IZOFAoDNTLEL, VEWEEIZHED, BIAAN D LD
FEE—BEENKREVN(ERSE p.22),

When you touch a cold metal such as the surface on a delivery tube. When a small amount of lig.
N, drops on your hands, your hands protected by the N, gas is not frostbitten. However, when a

cold metal cooled by the lig. N, is touched by bare hands, the hands and metal sticks together



because of the no protection of the gas, and then, the hands are heavily frostbitten. In the cold
metal cooled by the lig. He, there becomes a serious situation.(See reference materials p.22)

c) BN-FRTEEERICHND,
When you touch cryogens directly by your wet hands or foots.

[F51E 3] Prevention

a) ERZEZMYBSKRIE, EFRFELTEAOME
FREGHATL EFOCEARTFREBENLA
CODTHEALTIFESELY, (Fig. 2)
You should use |eather gloves or thermal
insulating gloves in the handling the

cryogen. Do not use cotton or woolen work

gloves in which liquid N, sinks.
b) KIRFICEFIN D SIBFITREGLLEEL,

i ) ‘ Fig. 2. BiBAF R, ERFREEFEF Thermal
FAINKROECMISHELENKSIZT B, insulating gloves, leather gloves and cotton

Please brush away the Lig. N, quickly when work gloves

the lig. N, splashes.
c) EFIARBLLTVGE XTSIV LGEEFRL, BRMNBICASZDZEHS,

You should use goggles to prevent the lig. N, from getting into the eye when the Lig. N, splashes.

[E§1Zi>TLE-1=5] Treatment for frostbite
a) REGHAREDI—MTHAILELIEZDE A ZRKIZET  FIAV—ETRA JWREATE
You should soak the frostbitten skin in a hot water. Do not use a drier. After that, go to a hospital.
b) BIERKEBDERBEFLEN DV GEEIL, EBETHLIFFEREITERD, Bo<YLEIAL THEE
29740
When your hand stack to a cold metal, you warm up the metal up to the temperature of tepid
water, and them, take your hand off the metal slowly. After that, you should go to a hospital.
c) EEINBICA-T=n, FKTHAL, I <CITRIEANT
When the Lig. N, enters your eyes, you should wash your eyes by clean water.

2.2 EHOFEABSLIVERBOBRIZ;ER —Be Careful of Lack of Oxygen
EFOBRAENSRAENDARBEHRITFERZICKEVDT, LEOEFITHHRETIEZNIBELFE
MIBENTES, #->T, BASSH-ETERZEAT LB FMROBIANH S0, BTHET
LEThIFESEL,
Vaporization of liquid N, will increase its volume and decrease the concentration of O, in the room.

When the cryogens are used in the closed room, we must ventilate the room.



BERIEKECRD 2 FBHEITHFESIND,
a) 2MEER (Acute oxygen-shortage): BEZRMIFEAEEENLBLVHRZRIVALTETRHICECS
fER . BENOWEIFFNITEVREBOERICASE, HbT'h 1 BOREER TN, FED A
[FE0y Ffe, ERNRRRELTWIRRICELESHTHRRIIDIIEFRITETHS.

The rapid oxygen-shortage is caused by breathing a gas without oxygen. When you come in

the room in which the oxygen is 0%, you fall down in one breathing, and have no chance
of resuscitation. To breathe near the evaporating gas of lig. N, is a suicidal act.

b) #E 2B R (Gradual oxygen-shortage): BFREENDLT DETLTVWSESREFRT SHILIC
FoTWoKYFEIRY HAEIK (Table 2.58),
The gradual oxygen-shortage is caused slowly by breathing an air in which the oxygen
concentration decreases gradually. (See Table 2.)

Table 2. ARREEET (BEMER) IZEIAE~ADEZE

Effects on the Human Body due to Gradual Oxygen-shortage

&5 (Normal O2:219%) - "
5 ;

MREE | BENE Symptoms

0O, % mmHg

ARiE-FER K OEN, B8, HEREOTRE), HHET, FHELHO
BT, BfMiAEOREVWDNEZS, F7/—ENEND, BLVREENTK
5;EHH5, (Increased pulse and shortness of breath, headache,
sick feeling, muscle weakness, poor concentration, cyanosis. In some
cases, a weak after effect remains in the body.)

16-12 120-90

FIT D DIET, FBHMICTREITLS, BREGEFS R, HULTLVKE, B8
@ BEIRY-BHEASH D, KR LR (HISEENRD), £5B A, BRI E
BELY, BER-BFHLERT S, F7/—EITHEGE, MEYERKRLRK
REL11 D, RiBIEMN RS, (Reduction of judgment, mental unstable,
extreme exhaustion, drunken state, headache, ear noise, sick feeling,
increased body heat, listlessness, light headedness, cyanosis. Some
after effects remain.)

14-9 106-68

B, TEBOEHADESK, BRZRCTHUALYEILYTERL, &
fii- 4% -BHEER, F7/—EHHS, EE-PRAEES £ 5E2IZH
5, COBRMBIAEFRDIER LLGED, AL ELTHIERBICEVVREED
% % , (Vomiting, collapse, hallucination, loss of consciousness,
cyanosis, swoon, central nervous system disorder. This stage is
between life and death. Even if a person can be rescued alive, he/she
has very heavy after effects.)

10-6 76-45

<6 <45 HEQOHEEFR CTEE - Km-EE- DEFELICEY, B2{DI5E, EICE
%, (Death)




[EE R E S D W E KD ER] Factors of the Accident in Oxygen-shortage

a) ZRKE: BRTERNICANENTHTY, EPFHEEALZLDT, AINREATENTLNDDHAE
59, MTTHBIZ A ALBEICESBIRELE L,

Secondary Disaster: There is a high possibility that a rescuer coming into the room without
oxygen suffer damage because he can not find why a person falls down in the room without
smoke or irritating smell.

b) ¥IETRE N DXRIN: BMIRAKEBOERNICAYEFOHER, CAEGEDERNMETE, SALERXRIC
KBEIRFZEHIBTERMEENH D,

Lack of Judgment Ability: A person coming into the room without oxygen can not understand that
his headache, nausea, and coma are attributed to the lack of oxygen.

C) HERSDRBET: BRICKITRELENSDHFEDF YU REFRELE 3~5 D TRHE

TL, 73 ULETIREALEELRELS (Fig. 3) . HICEBRRREMEVGATICHESN TLSEBARNZ
ERTITIHERIIEL BUTEREN THEELHD, F-, EABKRELTY, SERE EBEE
BE, REEE 48, //0—ELHEDREENZEDIEENEL,
Sharp Drop in Resuscitation Opportunity: A chance of resuscitation decreases rapidly in 3~5
minutes after the stop of breathing, and becomes zero above 7 minutes (Fig. 3). Even if a person
is resuscitated, he has sometimes after effects of disease such as speech impediment, motility
disturbance, narrowing of visual field, hallucination, neurosis.

ZRKEEERTODH, AFELRIEHIBE,

A rapid treatment preventing the secondary disaster is required.

75+ -

Survival Probability
NUAOHIR —>
i

-
25%
D T A . -
| Ot 0%,
0 1 T T T I 1 I T T L)
1 2 3 a 5 6 7 8 9 10(8)
PR LEDNS DBSM —>
Time (min.)

Fig. 3. FUVH—DH @R (RRRZEE I —TRELEMTF AN D)

(Dr. Drinker's Survival Curve)



[xt3K] Prevention

a) ZRAL-METERFLHEMATHLER BMRBEERATINEREARIEEETREANKRLET D
HEABETHD (EHSHEp. 21),
When you use lig. N, in a closed room, you should release the N, gas out the room by using a
ventilating fan or exhaust pipe. (See reference materials p.21)

b) RAE TEXIZEMRI SRIIBERHITHE,
When you take a vessel of lig. N, by car, you must open the windows.

C) ILR—A—(ZLHEFIEMRDRIEIANRELLGNIE(EHSE p. 19, 20),
When lig. N, or He is transported by elevator, the vessels should travel alone in the elevator,
without any people accompanying them inside the elevator. (See reference materials p.19, 20)

d) ZENENBRIKETHILRONSGLEZIERTERL, BRREED 200U EHLHZLEHEZRELTH
BAET D, ERNFOBRRREZIATIRIIEREEMGESHRRRENEZFERT D,
When the inside of a room seems to be in the lack of oxygen, you should ventilate the room with
a fresh air, and you may enter the room after you find that the oxygen concentration becomes
20% or more.

2.3 BREFFALTIXLMFELY  —Do not Seal Cryogen Vessels
BIAANYY) LOBAZBRIBHBRTINEDOSDBBRALH LD THEA T DL T DERELTLS, ZD
RixDD 273 KO CI1REDRAEANDEILDRE, KEIFETNRENE 700 LU 647 FIZHY, Thi
DBRAEANT-BREHLLGEBFNIIEEICEELL-TEROBRENHDL ERZAN-BEE
FERABICLAL (Table 1. EFIDMEE Gibm - B,
Lig. He and lig. N, boil even in the vessels because the heat enters from outside. When the lig.

He and N, are transformed into gases at 273 K and 1 atm, their volumes expand up to 700 and 647
times, respectively. When cryogen vessels are sealed, there is a danger of explosion because the
pressure in the vessels becomes very high. Do not seal cryogen vessels. (See Table 1.)
[ZFDRE] Causes
a) BEFIZAN-BHROEFEOINKTHEL-,

The vent of the vessel containing a cryogen is closed by ice.
b) ZRAMARR (REAFENMTLTWVS)DE/NILTZEFHLELT:,

All of valves in the sealed vessel are closed.
[*t 3] Prevention
a) REONTICEIAHRLENKIIC, BFEOITELLEFEMFTS,

You should mount check valve in the vent by preventing air entering into the vessels.
b) ZFARAREERATIRICIEFERAZELKERET S,

When you use relatively large sealed vessels with some relief valves, please read those manuals

and understand how to use them very well.
2. 4 EHBBIERNICHN

—The Neck in the Vessel is Weak Mechanically



SERATBEEL TICHHTRREXZ5EE

T, AR HMEIICEEL fE-T, BEBEMICLEY,

BLWMEBEMALYLEWLCEMEL, 10 LUTOR
KRZRETBLULMETTREHLTESLOM ALY,

The neck in the vessel is weak mechanically.

Therefore, do not knock the vessel down, and

put the large vibration.

LEBRHUERITMERE, Fig. 4 DEIIELEEEZS

BEZICLTHEL, BRAZLET SO MERNBRE
BREEEDE (A ARIILEF) TRYSITIHBEE
o, ARDTEICIE, REICK>TEEEZHITS

Handle
& = JAYS P)l/
FyvT
Cap

Fixed point

ZHAR
Neck

Outer tank
AN}

Base
FHDFEERDBHRN DTS, AU LBRE R

THAHH, Fig. 5 D&IICEEEN_EITHH->THY, E

Fig. 4. E2XA%H

Lig.N, vessel

ERECEZEORBICRAEREANTRRAZILEY 5 (REERV—ILRE),

REDOAN)ILBRRIE, REAZREEDLT R EANIDVLOBREZREAREZFALTRRAZHLYT S
HRALD—IVFERELEOND, CHICIFERA RS — IR ETILFO—ILRBEE LN L2580 HY,

RIEFITILFO—IRENRZL, ThiL Fig. 6 DEIIEFEARTEOYICHLZBOMIRE HOLT

EHBAIEBREMR T HERICRA—/—(02aL—2a V(& THREN T 50T, BERMZEDHE
THELONIZENAR—H— LBV REEBLEROHYE, TORESEZICLTHAT 5,

2.5 BREAFRUEFORAHLEDZEIER

—Notes for Using the Vessels and Transfer of the Cryogens

L.He injection hole
L.HeFAO
G.N, vent ﬁ/
G.N zZ&HA

EvFavy

L.N; injection hole
L.NJEAD

L.He tank
L.He #&

L.N, tank
L.N, #&

HR—k
Support

B
Vacuum layer

]
Y J
Fig. 5. BAERI—ILFEIANYD LB
Lig. He vessel shielded by lig. N,

Pressure gauge

mENILT

&ERO
( L.He injection hole
Enit —=N)

e

R—IN\—(>

vab—i3y
Super—insulation

L.He &
L.He tank

BT

Vacuum layer

N~

valve

iAm

—ILRR

Cu shield plate

© ©

Fig. 6. AR —ILREINYD LB ZR

Lig. He vessel shielded by gas



a)

b)

c)

d)

e)

f)

g)

h)

BRICEYNRASTWVEVCEERET S EMAASTVDEARDRREEL DL, BHREWETS
CENH D BIZIE, KNBOTWGEEKIZEDLSRDRERTERERBT L0 HDH. TSR
BHRFOWBERILRAANFRIRRISESFINELDT, FITEET S,

If there are some contaminations and water in the vessel, we should remove them before the

transfer of cryogens.
EROBRFICABIER LT ICOE BTG avIESZ 5D THELILL,

It is not good that cryogen is poured suddenly into a vessel at room temperature.

100 L V5 RADHEGH M OZEARBARZREHFT, EVLHMRTBEDI/NEZITOETEEHETS
ERENH 5,

There is a possibility that the large vessel over 100 L stumbles over a stone.
FZHARBAZRREBHFTE, AESLLEFLTWASILILHLHDT, BROBRANOZHITIREFIET
BE(EADVBVNESICBRHNOARER I ENLTHLEOT D) RAZERITHEINELLEG
BHHLEIDTRET HRHELIE,

Please open the cap of the closed vessel after the inner pressure is released.
REREZRLANDYIZFE>TLSHILADD, CHITBRTH S,

Do not use a safety valve as a release valve.

EROERAHLEIE, TOBEHNATIIEELELY, RABLEBEO T ILIFKREGERIHEV DL,
FHERISTILLHD, EREKITTCRHULTELSSHBRIVENH S,

Do not leave the place where we transfer cryogens. In the transfer of cryogens, we have

possibility to be in unexpected accidents. We always need to watch circumstances carefully.
BHRERZRAHTE, FFEONILIEEHLADLOLSMSFSh O, Fig. 7 [CRAZHRD
FFHEOBEE T . RREROBEITREF (ZEEFD)ICKY, RELOARELEFERNERDORE
EDENOHNDELIITES>TVS(REFGTDBERY IFRETHLERDETERRLTND) , —H—
FREADOEHZFALZRHLOMNSBRAZBRETRAHT,

ETHEICIE, BEDFERDOEOHIZENZ—FEICRDEHDHELFAR, AIrOBEFICEANLEFLT
LETRENBRTEICEDLBNLITRERE T EIRERELDHEE-TEZH T T HAHDRFN T
TW5, ChOEBFICTHEE AELEPREAEBTREFOERICOLALIOT, HHLNL
TSN EShohct REQORIFE S THFICNEES, MERICERTSL(EL, KKETETED
MoBWARAHTLSD, ChIE EROELFIEEIL TSSO TEETIEEL),

Do not handle anything except transfer valve in liquid N, tank. There are some relief and

safety valves in liquid N, tank. If a user handles these valves, there is possibility to increase the
pressure in the tank. Please handle only transfer valve in liguid N, tank. If you find some
anomalies, please contact the staff of Analysis Center of Life Science.

BHUR TEFISIE/NIVLTEESBYADHEC L, GBEICHZEMRLENLTHD/IRvFUEEDHDLID
THEEDAT), SbGWE, BRDLT DR T/ NIILITAEYMLIENH D,




Close the valve tightly after the transfer of cryogens. The valve is frozen because the
cryogens come out little by little.

) BHRZRBEREEESNRARLEOERZZT, EHNICEMEEATHBMESOREEZRITSS
EMBEHZ DTN TS (EHSHE p.16),

L4275+ Safety valve
Level gauge
JREEt Pressure gauge
S
| Relief valve X Vent hole
% Wk LF Z MO
|
- : oL el —
A L — o l3%LO FEAE
Transfer valve He b Vent hole Filling aperture
l to He liquefier

Fig.7T W & %= 3% k7 1§ © % &
Structure of liq.N:tank

10



2.6 EFIORAHLFOORDBDIZEDHS
—Pay Attention to Safety and Suppression of Cryogen Losses in the Transfer
of Cryogens

EFRAHLBEOORERD0H, T BEOMNSIRI7ZF—F2—TEFHL, BRAHLBICITED
ERBROAEZFATIDTIECHRRERBHRBFRIVRIIE)EZHMALTFAT S,

EHIBRBORNEABRHDIVEZENITEVNVEEEFTAZILBNERLT, AFEAREGSTRIFTLE
S, £z, BAZBROBIAAN) D LDEE (Table 1.)I&, ¥ h 39 callcc & 0.62 callcc TKDZEh
(539 callce) IZHERF &I, BEIDBE, BEICEDAERT /P,

ZIT, PANEELIEN Table 3.TREND, HIZ L, SADIFZEE, 4.2 KAGOTOIZET H&REAN
VI LEIE, BRETEESK, 7TTKETRAZBRT-BEFATHEI00KMAPTHRDH 1/15 T
B, 51T, HARIVBIE—LFATEHE, 1/200 [SEFDTH. RIKERT, 300 KNS 77 KGR
TIHEATL EIDRAREZBRER, HARAIVANE—ZFATIHIERRILTERALIZEED 63% TEL,

W®-T, RAHLOBRIK, bS5V RIT7—F1—TERELAAT, AAAANBHRDOEEFTRECES
2L, BRIEPKYRAANTEEHADEEIZIYBHERNEOFICHINERD AT LI12T 5,
BL, BEISRATEZRICOE-ITHBEEF1—TERELYT oL LICLT—B, Fa—TJ%FT FHLI-4E
VHELRAATRELET S, SHRLE, BIITEB TW RN B REL TR TLES (FHE& R0k
HAHLAE"SH),

In the transfer of cryogens, we should carry out precooling by the cold gas. At first, we put the

transfer tube into the bottom of the vessel, and cool slowly the tube and inner part of the vessel.

#E #l Cryogens He N,

AHLEE

4.2 7.
Cool down temperature (K) 3

NDHDRE

Initial temperature (K) 300 77 300

BRI ITEF A
Case for using the latent heat of 31 2.2 0.46
the gas

BECHRIAIE—ZEFIA
Case for using the latent heat | 0.79 0.15 0.29
and enthalpy of the gas

Table 3. ] 1 kg DAHIETLHEFIO= (L)
Amount of cryogens needed 1kg of Cu to cool down
(BOC #t Cryogenic Data Chart &Y)
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2.7 BAERICBITADRRITEE
—Hazard of Condensed Oxygen in Air

Fig. 8 ISRY LIITTRETHERDHR(90.19 K) 7k
FEFROHR(77.35 K)EYBLDT, ZRHDOEFR
NRABRITETAAPTL,

EVMBRERERRICALLIBE, BROAN g5
FICERET H-ORDIFEAENRIREERICHELHATEE
trHs. BREFThESREOEREELMNEN &0
EMUARTHE, #>T, WROTRNORKESE | o] el
BIost, BEISHUNELHHDT, AAEES S

E3M il &5 15K 1 = =N FE 70
BEDTARCTRLNEERYESLELIREE (b

90 ERZ 90.19

¥ %

o, BRNBITRAALBRARERDREE Fig.8 Fig. 8. BAHR-ZRDK - RHETHER
DFHHRICTA>TLERT S, ®-T, BREFTDOER Phase diagram of O,-N,
EICBEZEROBREER/ELLTRAVSGSEE
ENDETHS.

BRICEANALTNESICT H#FHEIEELTIE Fig. 9 DTV EUH (BHE) 0NTS5—(EFES
MEICROERFIOANRLNHBEANLND,

When liquid N, is exposed to the air, the oxygen is condensed in the liquid N,. We have the

hazard of explosion when flammable gases or organic compounds come into the liquid N, with the

oxygen. In order to avoid a back current of the air, please use Bunsen valve or bubbler.

—

—>
=UN \
Stopper

17) D B7.N7 S SLF1—T I_I
Cut Rubber Tube
FAN
Oil
Fig. 9. (@) 7>E>%# Bunsen valve (b) /37 S— Bubbler
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A W N P

3. BUERDRAHLEA

How to transfer the Lig. N,

. EEECREESIRICEALTHERORBEREYS,

B RFRBREFHOTRAZRITEICT

. MOBERTS, DETHNIEHERARTYERVNIEHLTHIERAFREMYLT,

. R&HHLICIE, B8 (Fig. 10) I T THEIRAELAEREILF ST NFa—T FEFES, ILFY

TNF1—TFRIHEERAANDERDEALIZEAT S,
At first, inset a flexible tube F into the bottom of the vessel.

. RAHLORMIF, /NILT BELLEAVWTERE T AL, ROSATHLERICT S,

When the transfer is starting, open slightly valveB for precooling. When the tube and vessel have
been cool down, valve B is full open.

. WIS S SRR BRI RUETOT, /VLT B E—FHHT-%, BUDLETTERICZT S,

When Lig. N, nearly fills with the vessel, the valve B should be closed and a little bit open again to
avoid spouting out Liq. N,.

CEERFIR) CORALELPEIZDENCBNTIZLELEN, BEERONEGLEE, 2D HENEEILE
BITERTBHIE, /NLT B LISMEEIN AL KSIZT B,

(Cautions) Do not leave the place where we transfer cryogens. If you find some anomalies,
please contact the staff of Analysis Center of Life Science. Do not handle anything except
transfer valve in liquid N, tank.

L RAFHLEIE, NILT BERADTILFLINFa1—T FERIZRY,

After transfer, close tightly the valve B, and return the flexible tube F.
BEMT, BHEEICTRE RN, FRENEREZELAT S, Lock the key and return the key,
and write the value in the notebook .

2317 (Valve)

ZDABYIZHAHEDIIFSHE
Do not touch these valves.

Fig.10 iR =55 H L5

TJLXT I NF2—TF
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BEXFRHRZRER(FBHRARBHR) =27

HBHXEDRAZERBRHOEE, BERXBTHEINDHD BHBFORAKETHICTARBLIEZREEEIC
BUOTHRSE, BHRANOENZ LT TRERLET LIICT S thDMERELBEELGVNERSHL
FKALLND, CNIFEFARBHTHY, BEARARREZDORHEZT5HE*ITEDEFICEFTSE
BLLGWEREIRTH S,

A%

a) BRAREREAERABRRICKRTATIESR
1. BRERYHELFAERERZRS, ARABEF (FRITO—F) ZHIT5,
2. BADQEANOTHAIDEMHRER, RTATSIT (NIRTSIIERTL, RABREFRTAT S,
3. RTAR, RTATSITERYMITEH, OKBEAFEL TV EEIREMYEZIESES)

E A it

b) BABRREZEERBTHENCRYHTIES

1. ARBEFHAFAOVTONIERS, FRYELFF
=FlT5,

2. RAEFELLI DHITE BRAREEICAVZES
LTEAZLIF, ERARBDLT OHB. EH
it BABRROHEGZRUGNCREFEAEL
(0.2-0.5 kg/cm?=0.02-0.049 MPa), &%HY
He  REEDRARBRERAELL, REF

SHREYHLAEEDS,
GE)
(7) BERBEORIHINEh-BEXEE 5 (FP) # JT \1—[ 2
LT CERT 3, - ~ | § %
() BEH WEREORLEBKELHE & " #
B BTEDBVESITT . i 5
® E
.. Iy
e/
- =

—— o

Fig. 11. BEXBRREREH
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4. B —Reference Materials

= EARRR & (R

FEHGRIEAR) P— R ERETHESIZEN B WEHH RIZDOWLT, RS TR,

EEAADESE(FE 2% 1)-4)E):
* [EHEH R

1) BRADEEICEVWTEAD(T—UREZENS UTRLC, ) A AT /RRAILLL EERS
EHEARATHOTRICZEDEADPNATIRZAAIILLULETHSEDXILEE 35 EICH
WTEADPIATNRZRAIVU L ELDERBAR (EET EFLUHRERL)

2)ERADEBEIZBLWTEAN 02 AHNRRAIULELGBREHE T EFLUOARTHLT
BIZZEDEAN 0.2 AH/IRRANWULTHSEDXILEE 15 EIZEWTEAH 0.2
AHNZAAIVULEERBERTEFLUHAR

*RIEH R CGREER - REANI D LI 3)[2HS)

3) BHDEEIZBLWTEAN 0.2 AHNRAILLULELEZRIEARTHOTRIZZFDIE
A 0.2 AHIINRAAILULETHBEDRIEZEAMN 0.2 AH/INRAAIVELBBEDERE
M3 ELUTTHHIERIEAR

4)BRIESTALKER, RILTOLAFIL, RIEBIETFLY
* =V R ENFIEBERKEZOELTRTT 6. COEHNET—VELELL, TETEALGA
5 (MEEPLFETIIEEZ0EL, KREZ1REETHEMEEZRLD)

WABKRSN (F 3 %)
RBBE1TIUIRLELIUYRILUTORBOZHLEVWTAHVLON LA BIRERER) ITDOLTIE
BEEAABHZBREBEEBRELN RIS

—REEHRARLZHRE

BREL RTARRFOEE(F6XFE2HSS)

DFETAREEL, BIZT40°CUUTIZEDIE,
2 RCABRHREICIE, &%, GREFICLIHEERUNILIDEIEEHLT IHEEEZTS
Z&,F, MRAREELLRIE,
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SHEBICRDEMT £ D EHE (55 60 &ikH)

1) ZETABBEZEDNILTIL, BB TEIE,

D RTABEER &% GRZFICKIHEERUNIILIDEGEZTEVWESHBHERELLEN. &,
) FETABRRE NIV BBEZBHRTIHEEL, BBEMPA0CUTDRGEHEHATSIE,
HRTABRBZHFICE, BR KEFICLIEREHIEITIHEEZTHIE,

5) A A A R OEMHADEE (X, BRAORWMEFATITL, BBEEZ40°CUTIZHRDIE,
6)EEFRDHEEII/NIILT-BEMNSHARMEDLD (GH-HIEES) ZR2ITBRELERIZTEIE,

7)AIAEA AR VEBEDHERRICITHNREERTHIE,

8)HBLIRIE, NILIZHL, BROGERUV/NILIDESEHLTEHILE

REaRARRRA
EE(E2%):
BIEERH EENA—S0CUTDRILTRERTATELRRTHOT, MM THEIT HLITL
YEBRHNOEBRENERDEEZCATLERLEVKSIZLTHZIED
(ERTFTE TKUTOREREEBIERIEMLTND,)

RoRDFRR(E 10 §)

HRG LM EERR
PEEE: RIMAME—THRL, BT

e
BEH R BB, KEAR FE RIEREAR B8,

RIETEZT - BE, &KILER HEE TEFLUAR: MR
ZOMDEEAR: RTHE

RHRBEREGE 245

ZHRENERER(BELRR) PEMATRZRTATEIRRBEDRUA) ZUTOHREEICERM
BEOREEZTRITNIEGELAL, (BL, HVERES: FRITELUMMICEE, SOV THBREHMMN
cnEYREL,)

FHEDEZRAR(=BIEERR) K[EZ - ERF O
HNEZRDODRBEHR 204K 5%
204 Lk 2F®

- ENFOLRBREI1FE

BEORIA S8R E-EERER
5%

* HIEDRESF A EBRFICZINSh TS,
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Fig. 12. ARRURDBELZINESNTLEIAS

HRALLF

HRABHR

iiif E3BR4F A

HEREREH MPa

BEFEEH MPa

RoNEEDHEER

1. BEARKRIUARIL, FRGRLAHIDT, BTGB OHE
AP EN AL BT, BOMNRET S,

2. BEARRUAREL, RICEAEINZRUARRZUFXITEC
(ETF25FOEEANIVFERWVT LoMYERET B,

. BREABHESREDHDTRHSLTCETET 5.

4. RIURFTNALTIEFERICLEN, (2FFETHITZS, B3 0L
RLTHES NLTHBCRENFHNTNSIREET S,)

5. ERABICIE, FT/NLINDRILERYMSIFTTHELS (FEEBIZT
CIZBHBIENTEDESIZLTHL) Fig. 13. BEAADEESE

6. HA%KE I T/NILITZEFHC, NUFLEALTES
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EHNRBERZDOERE
EARBEREDIFTITRUARNLIERATEEBEARNELLEKRTHD,
o ENFEHRDEE

HRADEHEICKY, FEoTRIBELBVMBLHEDTHRIZHI-WERRT S,
HERBEMICRA o=, EHEREZES.
o ENREHRDOEYMIT
BRLEERLITZERELT, Lo ERED R IT5H,
o [ENREHRDIEME
FENFE/NILT DREFEREITH oY ERERICITED,
o ENFEHROEmYSNL
THEFAD, AEBANBOARERELTHSERYSN T,

Fig. 14. AU LHR (RUAHHAR) A - Fig. 15. ZRARX (FO—MHR) A H1Y
DRUAARY fFHEHE BYRE) &Y
@E*T

—RERE

Fig. 16. ENFERDEEDEFR
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BREBROILAR—EF—([ZLEEHRICDOINT

Notes for transporting the containers of Lig. N, by elevator

BAEZRDILAR—E—IZRDERICOVTERELBLLLETS,
ILA—E—FEETHY, HRICLDIFEBEPLHEETILA—S—DARERBILLIZSE, BRIOEFEHTRIZELY
BRI DERMENHYFT .
ILAR—S—[CTRHIERTERT H5E, APRRLENED, SERLTROEIBFRIH > TERZET TS
W Ffz, ILAR—S—ZFAT 5 —MERAICHLTLEDEEMESBLLLES,
1. BRARZERDERE~DIE

1)

2)

BABREILA—I—ICTEWT 258, AFBHRELBICILR—AE—ICRAREET, BHROHFEMRT 5.
Ft-, BT ORHFICIE, FIEDTIEIREHZIERL, ILR—E—~DADEREHLT D,

When liquid nitrogen is transported by elevator, the containers should travel alone in the elevator,
without any people accompanying them inside the elevator. Also, the containers should bear a warning
notice of the prescribed format to prevent anyone from getting in the elevator with them.
NREFRBHRICTRARERZER T LI5S, TESETHREEZARALGERET 5, L, 1) ERE
[CATEDZHERIFJANIIBRL, ABILA—F—ZRELENKSIZT S,

When liquid nitrogen is transported by hand in a small portable container, the person carrying should
use stairs wherever possible. If an elevator has to be used, the container should bear a notice of the

prescribed format on its front so that nobody will get in the elevator with it.

2. —IREBAEBE~DIE

1

2)
3)
ET)

BE, ILA—S—ICTRAZREER T HIHTIE, TLA—2—0OFRBOMEIC, RAEZBRDERPIC
ILA—E—[CERLEVEITEBTET.

WELGEREHEDRTRAZRDERPIL, TLRA—E—ICERLGEVELIITIEEETI,
FERLREVIATIVFICRAZROERTIIILA—E—ICRARLEVESEHT S,

FTERHOKAL, BARNERAXERE L I —EHHPRRONTREBRICTEALTEYET.
Fh=, ER - HBESITEHA HP LLL, REBERZER HP HoF VU O—FTEFEY,

BAMEMREXIERR LU 2—KIR -2 5 T8 URL: http://www.sci.hiroshima-u.ac.jp/kiki/
T2BEZEK B4 URL: http://home.hiroshima-u.ac.jp/anzen/

Note 1) The prescribed format for the notice can be downloaded from the web page of the Natural Science

Center for Basic Research and Development's Low Temperature Instrumental Analysis Department at

http://www.sci.hiroshima-u.ac.jp/kiki/, or from the web page of the Safety and Health Committee at

http://home.hiroshima-u.ac.jp/anzen/.
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Fig. 17. TR

BIKZER/BEAN) LB !

CHDILAR—E—[Z[IFEFELT
RETHEFLE TS

Transporting
Liquid nitrogen / Liquid helium !
Do not take this elevator.
Wait for the next service.

BRBI(EEXRZEREHAET=aTIL p.36 KYIRP)
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CE A O
(a)BRDREKEME
RRFDERIIBELLT 20.9%THD. BREED 18% KRB THA I REBEBMRERZ, BRERZ
DEI[ERVRADCEICESTET HEREBRRZIEE S, — RIS, AR EBELTHEELZHIELSD
ERHDBRREEDTRIE 16%Lsh, CNKYIERTLIZIGEFEEROE BT (THLH, kg R UER
oM BELS, HFEW, BBE, 2ERNGEOBRRZERINEN, SHICBREENVENERE
RUVALEB D TRIZED, IS, HBRERATIEERELSEHERICHRD, ChIEHELSIHK,

BICHEZZHERIY—DLSITERBNEERKEICHSIE VOIS, LIEAS>TERMNEHELTLNS
BHRICEBEAD T THERT IDIEERITAETHD.

MEEEDETICEIAMRADEEL, EONCRIRFEENHLE, BERRKBLEICLIBAAEND
Y, FLEZRPOBRFREENRRICTELALDIGEICITERLNRBIZENTRONENIEAZ NS,
BRAERIGMICIIBREBRFERETHELDLIC, BRRED 20%UTICASENELIICHRTR T HIE
NLETHD,

BRAZRIBEFRERTHASNG-O, BRRZOBEREFEROGZEICOVTHENRED, [
CIEFAYDLIZDODVWTHRYIDDTEESNT =LY,

(b)) ZENTHDERMHEBERREERT

ENTERBLEZARGEETENIRE T HIEABRICILERFLDREITHS, LHL, ATHRE
DBEABRBH/IOBRABREZRAETEEZICE, BRELELARDNERNITHRESAELIS, EROES
HMEELLD, FIC, REDEDEEY YO PEOR[EEN LD, ERAKREVANSELNS>TEHIRL
THETLTIXEOEWD FITER T AEZE, RASF[LTOWVEVWERNTRAZRERRSIEHRITHILER
REIRBELSHITIETLEBRIKREICESZLETHD, LVE BEVDENTERARDv; DEISTHE
SNIRITHEE, BEFEtTORRREEp 2 ETH. ODOBRRELZp &L, BERARDOMEEL
FILEIETo DEREZEAZZEINENIRITELEEZ DL,

BMEORESEH Vo =Vopr—vitpr DD,

Vst
LPr = |:1_ V; ilpl

nFonsd,
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AR, BRLAEL 100 m® DERNTERA ALK
HENT-ISEDERPBRRREp . ORHEELER
Y CCTHHZEROBRREp 1% 20.9%E7 5,
EMS 1 m¥min D N, FROBEAHZE, 14 5
59 TEERIREE (O, AY 18%LLT) &725, 300 K, 1
SEICBHAERAR 1 mPIERAER 14 LIZHE . . . .
Lg5HH5, 1.4 Umn DEREZRETHL 14 HUE i ﬁliéﬁﬁﬁ (En) % *
ZERTHD.

N BHEE v, =0.5(m*/ min)

]
o

=

B R AR RE v, =1
18% LLF
vV, =2

EsRiBE (VOL%)
=
o))

[y
N
o

SR OBO

(a) REDEIKME

EETOEEAZLDE, MBBEILTOVENWREOESRICHADZHLI-HI M@ -5
REROKSNEFELREITREERIT T, ILFVTUERE wf'ﬁin“ﬁb\b,&mj:xb\ﬂﬁﬂﬁ‘ét%
ZORETED RGN E>TRIEHAZANEKRICEYDLDY, EEEZTEIENAHD, CDEE, &
LA REEAPTVKREZFRALTULY, BIEARD-FYOTLKETH G LEE (LY T 5L, B

AU LICERTHS,

FHEICLTRILARATREEESHET, REEBEEDHHEVNESICTHIENKYT, BH-YE
BLEYLGWTHRA K ECEMDAREZ A [SEXM * [ REDEELERORS, BE, AL
MZEICL>TEBEDAMAD, Kig, fz12h, BEDEGICED, GHEFNIEOITEERC LSRG
MED, REEMITESZHESOT, AEICABELAIIN DL TS,

(b)REEDER

BEERIEAROERYEL, BLBALGEDEXRRORGE, F, B BEOFLEL-SAOBAITZITO
TS, BISRIEARDBENRVRAFLEVLSICREAT ROFEREMITT 5. RIEAREIYK
SHE, BERITEMEEXR FREAITCHRITIREODORFREDITD, Ff-, #HITFRDOHLERHA KL,
AR DT ENHDNMAIZAEDESITERT S, [5E X *]

*KETFHEREEBEENDRELY=a7/p.2 KEIFHE(1975.3)
BIZE- KBTI\ RT Vo (F—LT) &Y
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ERESEXE

BE Xk

EEHRARRYE FAREETSTIAMN ENLRKEEARRKREMERER
MREHEMTFRAMBEIRFZZARTERE EREVY—

[SEHARFER RS, KHK Y—EXKA =4t

M3 BMRRZEREEEIEETFRAMNGPRFBLEH LGS
(BEEARAGRRERE £ 14 KKETHR BEARRERBEES

EXRFADF5I=

EE KERERE

w&-mE Al FE KA Bl BEE
®{7H: 2017 £ 3 A 16 BHKET

RITE BELRFEANLEKRE
BAMFHAREXIEFRFE L 2—(N-BARD)
1BIR - IR TERY (EIRRERE

* NEFEAREARIIBERR L I—ER - BT EEERBIYRTIALIEXFAD
FolFILYIRFL. £ FERBSTBAIEEL-LDOTH D,
BARAMEHAEXIEFRFE L 2—(N-BARD)
EHBPRBIM ERR SRR ST

BRI T734-8551 LERLETRERXE 1-2-3
TEL 082-257-1510 (& =)
E-mail: acols@hiroshima-u.ac.jp

Home Page : http://home. hiroshima—u. ac. jp/acols/
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