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ER - #4885 T ERFY {ERRERERFIAERA

—Guidance for Cryogenics Section

1. HMI=F A& First Step

1)

@)

3)

FIABRFEE (P40 SR EZER - BB IMBMIEBEANMRLE T 5L FENEDAITHERL,
Please submit the application form to the office of Cryogenics and Instrumental Analysis
Division every year (see p.40).

REELEREEEDEREL (BE A—ILT7FLR) (&, EERBRENSDERICBHELZDT,
BT RATHE,

Please write telephone number and e-mail address of both applicant and connector in the
application form in order to contact us.

REERIIRERIEREREERLT D,

The name of applicant is a person responsible for expense burden.

2. EHIFIA Guidance for Cryogen Usage

(1)

()

3)

(4)

()

(6)

DOTHERBRBOEFZHNAIHIAL, ERFARTETEZL I ZEIEL RZHBE LT

HTER,

EHFATBRETLER - REDORRMEZHESIOT, ZRHFADOFIELUTF5IE)ERAHL,
REITBET DL (pp.4-14 BHB),

The cryogen usage involves danger of lack of oxygen, explosion, and frostbite. Therefore,
please read this text carefully, and pay attention to the safety (see pp.4-14).

FIARRE- FH-MEFCEALTEFSIEOIEZERFA—ERI(p.15) SROE, FEET,
Please refer to the table for cryogen usage about utilization time, booking, charges etc (see
p.15). Please be punctual.

EXZF AT IREERERCEERAELFIEERICANS GEICEREGBEEZED
ENEEALE (p.16 ),

Please put the cryogen usage card in the card box when you will use the cryogens. Please
put the seal of a person responsible for expense burden in the card (see p.16).
BRAZBRRALLER, GERBOLCHOREER/— b, REAERITEORERIT, /—
MIBEREZEAL, 8T#, L 8- /—FMRY,

A person who will transfer the lig. N2 take the key and usage notebook in the card box, and
unlock the key on the door of liq. N2 tank, and write necessary matters on the notebook. After
transfer, you should lock the key and return the key and notebook.

BAEANY LRAHLE (FTERIFA—ERIHS>THLAA, RAHLEFIZIE, EEFIRET
BHEHIC, R/ —MIRERIEET A,

A person who will transfer the liq. He must reserve the transfer time according to the table for



cryogen usage. When you will transfer the liq. He, you should put the usage card in the box,
and write necessary matters on the notebook.
(7) MHTEFERAET AT, BEREBE—HBITRT L, AREICRBRENSVGWLSEIE, HER
ERAEICHLHT, EMEEE215,
A beginner must transfer the cryogens with an experienced person. When any experienced
persons are not in laboratory, you should receive a technician’s guidance.
(8) NI LDEYRITHETHSH, BURTELEVRERDIGEIL, FRITFREIZHLET, JIRED
FiEEd 5,
User must recover the He gas. If user will do an experiment in which He gas can not be
recovered, you should take steps for an extra charge before the experiment.
. EHIBRB[BFA Guidance for the Usage of Cryogen Vessels
FoIEDIEHBHZNEL 1(p. 3B SRWDL, EEETTFHL, EHLIREIZEEAT S RES
EHEEEOHMENILE,
Please refer to “Lending of Cryogen Vessels” (p.35) in this text. User should book the lending
and write necessary matters on the note book in the control room (I-101). Please put the seal of a
person responsible for expense burden.
. FHREBRAEREBEDERE Examination of a Closed Liq. N2 Vessel
BHARRAERER (EEANRER) LEILY—EDHEEOREEBENH D, F5IETDIZEMH
BRAZRBHOBREICOVTI(p. 3 ESHEL, REEZR(THL EEETTHL, BLAH/—
MIEEAT S REGEETEOMEILE,
The examination of a closed Lig. N2 vessel (high-pressure vessel) in a certain period is required
according to the High Pressure Gas Safety Act. Please refer to “Examination of a Closed lig. N2
Vessel” (p.34) in this text, and then undergo the examination. User should book the lending and
write necessary matters on the note book in the control room (I-101). Please put the seal of a
person responsible for expense burden.
. AU LBUREDOEHEREF A New Construction of a He Gas Recovery Line and its Usage
FREE FEIZ20MA) LEYREEDH:FZLEFAICDONTI(p. 36, 37) SR, EUREREHZED
BRI, BRTCHREBRIICERL, IRFEFORMBEEZR(THLE, ITERTHIZE, [ETAL
WEEZTLERBARLET S, FEIZOIIFLDFERI(p. 36), [TEERD)—YTAMIDTY
(p. 36) TS,
Please refer to “New Construction of a He Gas Recovery Line and its Usage” (p.36, 37) in this
text. Before new construction of a He gas recovery line, please contact us, and receive a
technician’s guidance. After the construction, please submit a report for the He gas-tight test.
Please refer to “Note of the New Construction of a He Gas Recovery Line”(p.36) and “Leak Test

after the New Construction of a He Gas Recovery Line and its Usage” (p.36) in this text.



1. [XC®HIZ —Introduction

EHITHHBRARANI Y L BARBRIBETRRILSITERTEEARESN, HRERDIEBIRTHD
T=OITERTHRALGIRGIZERZ TS, £, AUV LIE 100%8HAITIKFELTVSEELERTH D, i€
T, BIAAN) D L BABREZOMEEZ RS ICHSTRENDEMICFIALLTAIEESHEN, ST
FZDBIFELTERIDHECFERFICETOIEARNGEIEERAT S,

Y, AETH, BEARARRELGEARADER, BARERAIERRE L 4—ER-HBS T
FUEERERARDREEEAFCOVTHEITHEN T S, RIZ, F2 ETEAFAORICHITERE I RE
EXNFEEINET D, E3ETIK, EFIOFRERALELAZRRS, -, F4EICETEFKFIABORR
[CEBEBDONSIENEH E-. LML, ChoFIRERLELGHFTHSDT, EERBREITOANES
BIZERHTIEE R DR EFATIRE =L,

F-, BMELTRREARRTE, BR-H#BSTEMAME, #BFIRS SHEOERERFLRTL.
EEEBRTOFADEFIhE—FINTLY,

Liquid Helium (He) and liquid Nitrogen (N2) regarded as high-pressure gases for High Pressure
Gas Safety Law in Japan are dangerous if they are used incorrectly. Furthermore, Helium is a limited
natural resource imported from USA mainly. Therefore, we should understand these properties of
liquid He and N2, and use them efficiently and safely.

At first, fundamental points in the usage of cryogens are mentioned in the section 2. In sections 3
and 4, the way of transfer of cryogens is explained in more details, and some manuals for usage of
cryogens are listed up in section 4. But, because these are minimal know-how, persons carried out

low-temperature experiments should learn some detailed textbooks for low-temperature techniques.

(EADELLIZ DL T —Unit of pressure)

FEHDEL(E S| B R (EREMR) TlE Pa(SRAIL) THAA, IZRETHERMICALOhS
kgf/cm?, psi, Torr £ LD BN H D, 1T, psi [FREAN) T LBFZMBOENGICLLROND, RT
BREZBEARRRETHE, Pa(5—CRE)NMEDNTNS, ¥ —PEEFRREEZOELTRIRENTE
AT, IZETEAVGND (MEZEDILETIIEZZOLL, KREZ1KELTIERMEZRALSD),

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

1 7.50062x1072 | 1.020x10~° 1.4504x10~* 9.869x10°° 1.0206x10~*
133.322 1 1.360x103 1.9337x1072 1.316x10~° 1.3607x1072
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° 73.4896 9.991x1072 1.42105 9.670x1072 1

1 bar=10° Pa =1.0197 kg/cm?=0.98692atm=14.504 psi,

psi: pound per square inch

Ib: libra(E£/RK), 1 KE ton)/ft2= 0.94508 atm, 1 Pa = 1 N/m2=10 dyn/cm?




1. 1 BEARBREICONT
EBEARRTEIEEARICESKELHLETEHILEEMELTHIESNT, RITHRD KT,
EEARGZOHE, FE, HEBICEL, TOERAAEZERIEATELENTRERRGLO LA
3, M>T, BEARZEHETHEEMNY TS ThoZFERATIE (REZOZELHBE)LEES

IESFL, BHFFLEEAHDREDHERICEELETNILESAY,

1.2 BEHRADERELESR

BEARDSSL, BRICTHRATHDLDEEHRAR], BATHLILOENRILATRIEEDH TS, &E
HARKETCERINDABEARIIHEDOYEEETLOTIELL, BHEDKETHDHEMBAR]
L HEIBEDYMHEELOIRILARITHAIRTEEZE).

1. EfEH AT, JRE35 CIZTHWLTEADLLMPa UETHEIELD(TEFLUERKRL)

2. EMET7EFLUAAT, BEILS CITEWLWTEAN0.2 MPa ULETHZED

3. BILH AT, [£520.2MPa UULEELDREMNIS CUTDLD

4. FEUSNT BIZESHLON-LD(RIE

UTALKE, RIETOLAFIL, &L ES A BEEHRTIIAEL

i
BIETFLY) (iPa) / C\f

RICARDEAFEMEATETHE NS, . |
,,,,,,,,,,, A

\

\

\

\

\

1.

BAZBROBREAN)DLIE, SAFEAKEDN (0.2)

0.2MPa %#BAHEEN, ThTh, —
189 °C{tift, —268 C{TETHY, 35 E&L :

_ o 35 X mE (°C)

YIZEMELDT, BEHRTHS, (15)

Fig. 1. H ADERK[ELEEDE R

1L3mEARDBE, BT, HE
SEAADIEE | LITEHRE, RIEZOMDOAEXIEIYESETRADKREEZNAENIZEDIZLTHD,
WEBEICECTEBETADORBVLEHIABDELLLEENH D,
Bl BEARELIYBVEADEEARICTEHIE, #IT, KYEHADBEVEEARICTEHIE(RIE
HADHEMSVRAT7—)T, HAREAN0.2 MPa LU ELELDHIEERE)

MErIElE, B, —EOBHIc—EREBA TBEARDRETEC LTHS, BHBITHLT
EBEF~OREOREALELBENHS,
Bl AR E RO — LR T/ KL —%(CE)

DHEIEFBERGEEZFE S TREARDNOBEHRATRVVREABITEESETH D,
Bl NI BEBRMOFARERFKRIE)NDBE
HARUANSBER(LFaL—R)ENLTRMICHREEDD



DEOHEEICITFIRFNIGOD, HEORT EORENEDONTIND, Ff-, FRICEEET
~DEHBENBERGEELH D,

1. ABEMELTHEREBRBERRATICONT

BAREARXIBERRE L IR - BB STHPMEERREE, BN FOEFHEEEE
FREITIAFEY, BA63FICRELE-FANARBERREERMEREL F—1(ERFEVE2)ERTS
BIZE->TWS, BETE, AERBEIBEARARREESEDICEDON-BEFTADE—TER
BEELTRAANDLOHELRABRDOITFBETOILELIC, HAFABBOEREDRY, &
BEZOBRIHLLEELITOTND,

FE—EREECE EEETFORTREZROEICIE), BEFHRAEOHELEEETAD
B, RELBHEOULRLRLRYEEER THEEIRELAEARLGEZDOEENFEELAT
W5, ERERMBTEHERFOTREFEOHFIERILLAA, BERREHLLELELT, &K
A LEBRERERELTHIETESLSIZEH TS,

ERRBRHTIE, TROLSHEREEMABEZREL, EROHECHDIRRICETIERET
>TW5, BEFHREDE295 T, ERBEICHTIRZELBTIFEIOLWVTRESA TS,
Ft BEARRREE2IRITLHEZADRZABITOVTOED N H D, EREERIBHITIES
FA-RRBERETNOICE DV TREZLEND—RELTERT LD TH S,

ERRBRBI<HTHRTEERER

RLMEE
(LEXER)

REMEEORESE
(ER -2 R)

RRZRE
(EEXRBRHMEEHE SEAR
HERRBEFTERNREGE)
RELFREOREE (HHA)

h=4t S
RIFBLERE, RESHH) (BRIZFRTIRFOFE, HHWA)

—~




2. EXFAO—BHEETE —Cryogen Usage Techniques and Safety

KRG EFIDMEEE Table 1.ITFEDTRT . WTHELREAE - BRALLER/DEL - B IFIZ 3
THIHADERE (BRLL) BRZVEVSIFHEAHY, HF-BR(BZR) -BREFOERITOUNYLLT
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 oxvaen (suffocation).
explosion. and others. It is important to understand their properties very well and handle the
cryogens.

Table 1. EX|DME Cryogen properties

&K DFE Hm (K HE (glcm®)t  HE(callcm?) B
Liquid Molecular weight Boiling point Density Latent heat Volume ratio
O2 32.0 90.19 1.144 58.2 800
Nz 28.01 77.35 0.808 38.5 647
“He 4.003 4216 0.125 0.62 700
SHe 3.000 3.1905 0.059 0.12 440

TR F5%(2014), p.383.(Chronological Scientific Tables 2014, p. 383)
*RIEL: BRTORAEDEIELO0C, 1 RETOREDEIBELDEL
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 HEHIZ;EE —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 DAHNBEDOBIERKEIG--ERBICMNG, PEDRAKREREFOLIC
CIELTH, BRRBZRATRTHEENRESNDIOTREICIILESHEVD, RAREBRTAAL-£EZ
RFTEDE, HRICKBRENGZWNHFENCDDLTLEL, VEWEEIZHED, BIAANID LD
FEE—BHESKREN(EHSEp4s),

When you touch a cold metal such as the surface on a delivery tube. When a small amount of liq.
Nzdrops on your hands, your hands protected by the N2 gas is not frostbitten. However, when a

cold metal cooled by the lig. Nz 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 liq. He, there becomes a serious situation.(See reference materials p.48)

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

[B71E 3] Prevention

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

cryogen. Do not use cotton or woolen work

gloves in which liquid Nz sinks.

b) KERFICEFIAIMNSI-BFETRBEILLVEEL,

i \ ~ Fig. 2. BiBAF R, ERWFREEF Thermal
FAINKROECMISHELENKSIZT B, insulating gloves, leather gloves and cotton

Please brush away the Liq. N2 quickly when work gloves
the lig. Nz splashes.
c) EFINRERLOTWEEFT I GELERL, ERNBITASDERHS,

You should use goggles to prevent the lig. N2 from getting into the eye when the Liq. N2 splashes.

[E§1Zi>TLE>1=5] Treatment for frostbite
a) BEAREDI—MTHAILELIEZEDE A ZRKIZET R4V —ETRA JmREAT
You should soak the frostbitten skin in a hot water. Do not use a drier. After that, go to a hospital.
b) IBIERKEBDERBEFLENODVHEL, ERBREZHIFSFEEITED, PoKYLRALTHER
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) EFINBICA-F=n, HKTHAEL, 3 <CITRIEANTS
When the Liq. N2 enters your eyes, you should wash your eyes by clean water.

2.2 EHOERAKLIVERBFOBRIZEE —Be Careful of Lack of Oxygen
EFDBRAEDSKAEANDERBERRIEERICKEVNDT, LEQOERITHIHRIETELEENNHBEE T
MYHCEMTES - T, AN - BETERZMEATIEEFBRROBNLH S0, BTHBR
LEth EE540N,
Vaporization of liquid N2 will increase its volume and decrease the concentration of Oz in the room.

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



BERIEKECRD 2 FBHEIZHFESN S,
a) 2MEER (Acute oxygen-shortage): BEZRMIFEAEEENLBLHRZRIVALIETRHIZESS
fEIR . BBRMONFELIFFNISEVREDERICASRE, HTEH 1 BOFRTEN, FHEDTREY
[FAEL, F, ERMNRBLTVDBRFICELAESHTHRIZDEERITATHD.

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 liq. Nz is a suicidal act.

b) ¥ 2B R (Gradual oxygen-shortage): BAREEMNDLT DETLTVWSEREZFRT SHILIC
Lo TWoKYFEIRT H4EIK (Table 2.5 H),
The gradual oxygen-shortage is caused slowly by breathing an air in which the oxygen

concentration decreases gradually. (See Table 2.)

Table 2. BREEETHEEMER) ICLIANAKR~DEZE
Effects on the Human Body due to Gradual Oxygen-shortage

%5 (Normal O2:219%) = 4
5 ;

BRRE | BREIE Symptoms

02 % mmHg

ARiA- PR S DEM, BB, HER(BEVTRE), HAET, BHEFHO
BT, BHFAEOREWNAREES, F7/—ENEND, BUOVRIEENE
5BEMNH5, (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

HADET, HRHICTREICES, BETRF K, HLTILVKE, B
fE-EIRY-IBRHEEAH D, KELF(HISEENED), 25BN, BHI R
feeimy), BER-BFIOEET S F7/—EIThEGE, MRYRBKREGK
L1 D, BBIEN KD, (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
%, COBEBINERDEREGDN, EAERELTHIERICEVREE
% % , (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)




a)

b)

c)

[EE REFHDHEEH KD ER] Factors of the Accident in Oxygen-shortage

ZRKE: BRTERNIZANMENTOTE, EORIBENGVOT, ANRETENTLDD M E
59, RTTHBICAS-ALHEICESBRENTLY,

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.

FIBTRE D DR IN: BMRAKBOZERNICAYEFOHER, CABEGEDERNETE, BANERIC
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.

HRERZORBET: BRICEKOIFREENSOHEEDF v R (TFRELE 3~5 D TRHITE
TL, 77U ETIREAEERLELS (Fig. 3), HFICHRRREMNMEVZRAICESATOSERARNE
ERTTIHERIIES BUTERZDTEEEIHD, T, LEAKLELTH, FERE, ETNE
EE, RERE, AR, /10—ELEDREENEIGFEN S,

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.

ZRKFFEITODD, RRGRIEHBE,
A rapid treatment preventing the secondary disaster is required.

75+ -

Survival Probability
NUAHOHIR —>
i

-
25%
P e A L T T S -
: : Ot 0%,
0 | T T il I 1 I T T L)
1 2 3 a 5 6 7 8 9 10(8)
PRGNS DBSM —>
Time (min.)

Fig. 3. FUYH—DH @R (RRRZEER 2 —TRLEMTF AN D)

(Dr. Drinker's Survival Curve)



[*}%E] Prevention

a) ZRAL-METERFLHEMATHLER, BMRABEERATINEEARIBEETEFANKLET S
WHENDETHS (BERSHEp. 47),
When you use lig. Nz in a closed room, you should release the N2 gas out the room by using a
ventilating fan or exhaust pipe. (See reference materials p.47)

b) EAETERZERT OIREIBZRITHE,
When you take a vessel of lig. N2 by car, you must open the windows.

C) ILR—A—(ZLHEFIEMRDRIEIANRELLGNI L (EHSE p. 38, 39),
When lig. N2 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.38, 39)

d) ERENBRIRETHIERONSLETFIERTERRL, BRREN 20% LU EHEHEEHEELTH
BAET S, ERAFOBRREEZHATIRIZEREEMEBRRIRENZFEAT LS BRRETE
EREERIBTLUAILATEE)
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. You can examine the oxygen concentration by an oxygen tester borrowed from

Cryogenics section.

2.3 BR/EFFLTIILIFELY  —Do not Seal Cryogen Vessels

BEAN) LROBAREZRIBHZ P TENSHOSORRALNHLIDTHRA T DLT DEFKELTLND, 2D
RixDD 273 KO CI1REDTAEANDEILDRE, AREIFETNRENE 700 BLU 647 FIZHY, Thi
DBAEEANT-BREHLLGLBBHNIIEEICEFLLT-TREOERENHS ERZANL-BRE
FERABICLAL (Table 1. EFIDMEE Gibm - BHELL)) .

Lig. He and lig. N2 boil even in the vessels because the heat enters from outside. When the liqg.

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-BHROEFEOHMNKTHEL-,
The vent of the vessel containing a cryogen is closed by ice.
b) BEAMAR (REFENMTVLTLD)DE/NILTERALELT-,
All of valves in the sealed vessel are closed.
[*t %] Prevention
a) BHRONIMICEIMNFRLANELSIC, ZROICHELEREFTS,
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 EHASBIEENICHLD

—The Neck in the Vessel is Weak Mechanically
SEATHBET TICHHTHAREZZ 58S

Handle
T, EEHAWEAICE, T, BBERIZLEY, EE ne
HMLVEEBIZEMA=YLAEVSE(BL, 10 LUTORK oo Cap
RERBBLELET TREHLTESLOAZALY, 2
The neck in the vessel is weak mechanically. Outer tank

PN
Therefore, do not knock the vessel down, and Hiﬁ _
\Vacuum insulation layer
put the large vibration.
SRAEZERITEHARE, Fig. 4 DEIICELEEES
EZE(CLTHEL, BRAZDLETEH-DRENERE
BERCEEDE((VARIILEE) TRYSITIEES:

Base
2. RERDTEIZIE, WEICE-TEEEZHITS . o e
Fig. 4. EXE#H
FODEERDBRMNDONTND, AN LEHFL R .
Lig.N2vessel
THHH, Fig. 5 D&IICEEEN_EITH->THY, E

ERECEZEORBICRAEREANTRRAZILEY 5 (REERV—ILRE),

REDA)ILEHRE, BRAZREZEDLTREANIVLOBRERARZFALTRRAZHLT S
HRO—IFENELEDND, CNICIEBRE AR —ILRBETILFO—ILRBEEIEND2FE0 HY,
REFTILFO—ILEEMN S,

ChiE, Fig. 6 DESICEFEARTEDYIZHAZBOMRE D OL CTEHFAFLLEEBR T HEHICR
—IR—A222L—2aV(CkoTHRERTE5EDT, BERCEOYE THELNZENRR—H—LiF
HO—ILFREEBLERHHE, TOREEEZEICLTHET S,

L.He injection hole

f RO
N t L He SEAD ( L.He injection h;le
.N2 ven = ;< ) mENILT
. EHE —
G.N Z& %O EvFavy Pressure gauge — = valve
a—J L.N; injection hole e
R 2l LN EAD T YY—"io
ToEUR A e ——
Bunsen valve / L.He tank 2 —fY =
@ /‘ / L.He #5 SalL—ae =——
[E] 7E &f I e
Fixed point L.N; tank Super—insulation
L.N ¥
. L.He #% I SRS
HR—h L He tank S— LR
Support -He Cu shield plate
BEXERE
Vacuum layer HZRE
Vacuum layer ~
[ ]
Fig. 5. RIAZHRI—ILREIANYD LR .
_ _ _ Fig. 6. AR —ILREINY LB
Lig. He vessel shielded by lig. N2 9 =

Lig. He vessel shielded by gas



2,

a)

b)

c)

d)

e)

f)

g)

5 RREARRUEHDORAHLEDIER

—Notes for Using the Vessels and Transfer of the Cryogens
BRICEYBRASTVVENCLEZERT D EUNA>TVWSEORDRERALLDHL, BHREKET S
CERHD BIZIE, KABOTWIHAKICEDLDROKRFIETERRERIEBT LN HD, TR
BHREFOHIBERILRAANRBEICSEZSFIAZLOT, HITEET D,

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

transfer of cryogens.
ERDBRFICABIER LT ICOEBNGLavIEFEZ 5D THELILLY,

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

100 L V5 RADEHFDOERAERARERDSRIE, EVLHMRETEHFITNRFICOETEERETS
ERENH 5,

There is a possibility that the large vessel over 100 L stumbles over a stone.
BHARBAREZERBHETIE, NEALRELTWAILELHLDT, BHEORANOZHITIREIET
BE(EADVBVNESICBERHNOARER I ENLTHSEOT L) IRAZERITHEINELLEG
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.

ERDOERAHLEIL, TOBEHN TIIELEL, RAHLEFO T ILIFKREGEHIFHEV 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.
BRERZRAHTE FEONILIEEHLADLOLSMCIFSh AL, Fig. 7 [(CRAZHRD
FFHEOBEE T . RREROBEITREF (ZEEFD)ICKY, RELOARELTFERNESDORE
EDENOHNDELIITES>TVS(REETDBERY IFRETHLERDOETERRLTVNS) , —H—
FREADOEHZFALZRHLOMNSBRAZBRETRAHT,

ETHEICIE, BEDFERDOEOHIZENZ—FEICRDEHDHELFAR, AIrOBEFICEANLEFLT
LETRENBRTEICEDLBNLIHREME T EIREREFELDHEE-TEZH T T HAHDRFN T
TW5, ChoEBFICEhEE AELEPREAEBTREFOERICOLALOT, HHL/NL
TFEhosacet REQRIIESTHFICAEEY RRICERTHCE(HL, KETETH
MoBWARAHTLSD, ChIE EROELFIEEIL TSSO TEETIEEL),

Do not handle anything except transfer valve in liquid N2 tank. There are some relief and

safety valves in liquid N2 tank. If a user handles these valves, there is possibility to increase the

pressure in the tank. Please handle only transfer valve in liquid N2 tank. If you find some

anomalies, please contact technicians in cryogenics division.
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h) BHLE T EHSIZ/ LT E2ES>BEYBANS L. BEICHEMZSENLTHO/NNVFUEEHED
THEEDAT), SXAENE, BRDPLT DRATNALTNEYELIEN H D,

Close the valve tightly after the transfer of cryogens. The valve is frozen because the

cryogens come out little by little.

) BRAMERBFBEAESEARARZEDOERZRT, EHMICEMHECTHAMREFOREERTSHC

ENBEHF Do TS (ERSE p. 26, 34),

HRETEAEZE

ZeFF Safety valve

Level gauge
#mat Pressure gauge

IRAGH

| Relief valve
% LA J

L |

X Vent hole

‘i]i iy e M|

plq

R e

7 mELO . —
' Transfer valve Hei b
l to He liquefier

|
CEELO
Vent hole

Fig. 7. BRAZERETIEDHEE Structure of lig. N2 tank
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2.6 EFORALELEFOORDBEDIZEDHS
—Pay Attention to Safety and Suppression of Cryogen Losses in the Transfer
of Cryogens

EFRAHLBEOORERDO-0H, T BEONSIRI7Z—F2—TEFHL, BRAHLBICITED
ERBROAEZFATIDTIECHRRERBHRBFRIVRIIE)EZHMALTFAT S,

EHIBRBORNEABRHDIVEZENITEVNVEEEFTAZILBNERLT, AFEAREGSTRIFTLE
S5, F 1z, BABROREANY D LOEE (Table 1.) (&, FhZh 39 callcc & 0.62 callcc TKDZEN
(639 callce) IR F oL/, ERIDBZE, HFEICLDAHABRT/NISL,

ZCT, PANEELIEN Table 3. TREND, HIZ L, HADIFEE, 4.2 KANGOTDIZET HEKEA
VI LEIE, BREETEESK, TTKETRAEZERT-BEFATHEI0KMAPTREDH 1/15 T
EL, IBIT, ARIVRWE—LHATEE, 1/200 (SEFDTH, BRIAERT, 300 KMo 77 KR
TIHEATL EIDRAREZRER, HARAIVANE—ZFATIHIERRILTERALIZED 63% TEL,

W#oT, BAHLOKRIE, bS5V RIFZF—Fa1—TEFRELIAAT, ARAARANBHRDEETRELELS
2L, ZWEPKYRAANTERENTRADGEICKYBRBAZLHIZHIMETE AP TLIIZT S,
BL, BEISRATEZRICOE-ITHBEEF1—TERELYT oL LICLT—B, Fa—TJ%FT FHLI-4E
VHELRAATRELET S, SHRWE, BIITEB>TW RN R REL THE>TLES (FHE &R D7k
AHLA"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.

% &l Cryogens He N2

MELRE

Cool down temperature (K)

4.2 77.3

MO DRE

Initial temperature (K) 300 77 300
BEVETEFIA

Case for using the latent heat of 31 2.2 0.46
the gas

BELARIUAIE—%FIA
Case for using the latent heat | 0.79 0.15 0.29
and enthalpy of the gas

Table 3. i 1 kg DAIETHEFIO= (L)
Amount of cryogens needed 1kg of Cu to cool down
(BOC #t  Cryogenic Data Chart &UY)
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2.7 BAEZERICEITALERRITERE
—Hazard of Condensed Oxygen in Air

Fig. 8 [ZRY LIITTRETHERDHF(90.19 K) 7k
FEHRDHR(77.35 K)EYBLDT, ZRHDOEFR
MNRIAZRITBITAADOT LY,

RUVMRARRREEZLICESLLEBE, BROAN g5
FICERET H-ORDIFEAENRIREERICHELHATEE
trHs. BREFThESREOERIEELMEN &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. BHR-ZRDK - RHETHR
DFEHHRICE->TLER TS, o T, BEFHDE Phase diagram of O2-N2
EICBEZEROBREER/ELLTRAVSGSEE
ENDETHS.

BEICERDSALLNESICTHEFHEHIEELTIE Fig. 9 DTV ELH(EHE) ©NTF—(ERIER
HMEICROKIFIZOADPRL) BNELALLNS,

When liquid N2z is exposed to the air, the oxygen is condensed in the liquid N2. We have the

hazard of explosion when flammable gases or organic compounds come into the liquid N2 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
T4
Oil
Fig. 9. (@) 7> % Bunsen valve (b) /X7S— Bubbler
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2.8 BEAUDLRADONS VY RI7—F1—TFERICHRDHEL
—Do not Handle Roughly the Transfer Tube for Liq. He.
Fig. 10 I[ZTRT KIITRIAN

JOLRADIN SV RAT7—Fa 1L AR—H—  Spacer
—JXHBETEO_FEEE 1 L BHZ®  Vacuum
ETHY, ELRICHIERR—
H—HAEARTHELNEN I=aTFILNLT
L=y, EZEABEL T Manual valve
YL TKBAT RICRY AT - o

s L e ATULAE
1D, . -‘;7 Stainless steel tube
X, EBEBREER 1D Pin
LOFEEN 12mm THB, | Al o
HSAA R B BE OB, Bl et outetor o n

LG t iq.
HAYSLBHAROOKE _ ‘ sretorHa. e
Fig.10 i@RIAEANY D LAV R D 7—F21—7

SITOVWTEETSHE,

Transfer tube for Liq. He

2.9 AN)YLFAOEREZFDEHREHERICLTERFLZEASELL
—Do not Put an Air into the Recovery Line for He Gas

A LIFHED BVARZAVGZWERIETERL, TO®, BRL-ARE—BEFEIND, KR
RERIBO R ILHRILEGEDIRICELDIEA (T—ILR)EFIAL, FHYNERZ BRI TRE-BEL
THBTHIEITKYRBRT 51T THA (NERBEE) R - BEEL-THYEEHANIBRESN, 5
HBOBFBENGINDD, BUIRATRADOMENBNERE -BEEEEINMNICLY, RIEEELNREICLD,
#-oT, BURHRANTHY (FICER) BAHESEFEBALGWOESISLETNERSELAA, COFHY
BAREREDQEHETFERNSELHFEN BV,

F AV LBRDFE, BIREQESBNEThHIELERARALTERO (RROEURA) EK
HSERNENELERLTERTHD,

KEFIC, EERTOTOT7—TAYD LA REZRZDBRFRABDODREEZTLICLETNIEE, 2EDZE
KEWEILENEZEYRAATLEIOTHLDIENBETH D, I54FREYE BT, Ta7—0K
BERLICTHL, BRAEANIDLEEZRVITTRELTREZTIFAHEIE, V7144 X2y -1k
BOKEICEYUDITEET AL FEEERVTITIEAAMIWIAMNSYTEFITAAILAEIREIZAL
BWNKIITTHIL,

The connections between the He recovery line and vessel or cryostat should be made tight. If the

vessel would be disconnected from the recovery line, we have the hazard of high pressure in the
vessel because an ice blocks the opening.
When you pump the He gas in the recovery line, the cryostat and pump should be made airtight

completely.

14



3. EFIRAHLOFIREAETE

—Notes and Procedures for the Transfer of Cryogens

3.1 FHMA—E —EFFABE, THAE SGET—

—Data for cryogens usage, Booking procedure, service area—

[(E ¥ ] Cautions

a) TROTNETNDOEEEZRTTHE,

Please be punctual.

b) BAERNDIHE, H(C11:30~13:00DMITIFHELLELY, Fi-, 16:30FTISRAHLETS
[SRTTHLSCHBDRBEL>TRAHTIE,

Lig. N2 is not supplied between 11:30 and 13:00. The transfer of Lig. N2 should be finished until
16:30.

c) BIEAANIDLDEGE, TRV FHEE LKA HLOEMEBESFEDOEFNERYE
DLEVDT, BRI EEZLRFALTFHNTEHIL, T, ROon-H#iGREICENSE, fthoa1—
P—(CABIIDLDTHIEZRILTEHENHS.

For Lig. He, a reservation alternation and added reservation after deadline can not be allowed.

d) WIFhoHEETY, IERERERICVESEZCALAKREBICRET S REIIVESEE
AT B,

When you will transfer the liq. He and N2, you should put the usage card in the box, and write

necessary matters on the notebook.

ERFA-ER

HHER Liquid He
- /A (30 LK) RKO@GBOL L)
Liquid N2
Small vessel (<30 L) Large vessel (>30 L)
s e t-B, REERER KEZEBRCK, £
N_n Every day except Saturday, Sunday, and national | Tuesday and Friday except national
Supplying date holidays holiday
AR 9:00~16:30 REDERIZED
Supplying time (except 11:30~13:00) Following the instructions of staff
FADOEGAEXD 12 Bz | € * 0 12 FzlT, REOKE
LA FURE 2, REDRAMICEALTTHN | LEASZEREICRLAD
(F#) " (XRBOBEEZH) (* kB OBEIEATE)
Booking No need You can book the date and time | You can book the date and time until
until 12:00 on Monday. 12:00 on Friday.
o= ko o B e L e aE = BAEBDTRIAAN) Y LT17—
BB BHEREN | 201020 EDSH AL RIEND L7
. . . Front the Liq. He Dewar vessel of
Place Lig. N2 tank Fixed place in 1-102 . i
liquefier
RERIE BENOKE
Measurements of | =™ " fie ERERSBFE - EHEEORELD
the amount of By using the liquid level gauge
liquid vessel

15




3.2 BAANIDL-BRERAGROEALOIE (BH-ERSH)
Notes for filling in the cryogen usage card of Liq. N2 and He

EXFERGEFIEREAOERLEHETHY, FRAHNESOEERTE-RHEOBRELENINIZEHE
DNTITHNERUEMTHS (HEBBREIND) ERIFIEEEEBEH TIRHBLTLVS, (The card is
supplied in this center.) EEAICHT=>TIEIRDEITFETHE,

a) EEDHAXILAS $HITHS,
The card size is A5.

b) ENELAETRADIL(FOKBIEFT),
You should fill in the card by a black pen.

c) HABEDBETRBEMESERAT S,
For Grants-in-Aid for scientific research expenses, the numbers for expense burden should be
written in the card.

d) BESEFEERIETILA—LTREAL, HHTEIL,
Please fill the full name of a person responsible for expense burden and stamp it with his/her
seal.

e) RAHLEFBRRDBEEZEL

f) EEZHLENDIADFEAVS, ETEEZFRHL, ThhoRAHLERICASEEEZDOIFTTHE
Ebe

0) EFI-#BINAL FARBEELEEEICRER - BBESNBAEHEEARELGTAETZELO
TEET DL

BB
ﬁt-ﬁﬂ.':%tﬂ Date E: A B
Submit it before CHEMES
transfer. EHEREE

Cryogen usage card

FERERFE-HAR | SEMOERS ]
SRARR - Fite | { } | } { ,-KEH
\ LT hp 0L CEERE RS- THBEEEESERATE 1
gRAE )
7)'/* -L\ Nﬁia&im o Slgnet
To3ponSIo for
Full name xpense burden
#R oep S0 ToEH AL BE L S— TOH |

BROBE LK
ity ) #®YEIF

(BHER Vessel volume)

AEAUTL L L
Lig. He
| (BBBR Vessel volume)
LEBXTEAHTHRZRMRE 59—

8- WBSTHM ERRBE
Cryogenics and Instrumental Analysis Division
Natural Scisncs Center for Basic Research and Development
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3.3 BAEANIYLDORAHUFIE
BEANIDLDBRAHLEHODEICHLOSLH DD TRICHBZHRAY 5, RREDORAHLOFH
(HMEERBREBEDIHERITHICE RAHLFMIZIONTIE 3125 RBOIL,
BIEAN)D) LRAHLOZEDFERETORENGFIRETTENESYTHS,
1. BFERYELFLFT2T)DFE
2. RHHL
3. RN LFTADMEYR)
BHRPISEEANIILNE S TVNDIGEEOENAEZ O TV TLERRNENEREELUT TH SIS
BIE) DERETIBERILL, Tz, () DEEAVILERBRICETHIEFEICOVNTIE, F 2
BED28H&U29(p. 1)ESRI DL,
RIATIE, NATOANIDLRAHLKIFEAELZW, LE=A2T, £, KADAY I LRAEHLFIE
LTS, PNADFIEFEZDRIZEED D,

3.3.1 KODBEEA)ILBBRDFH

RKOTFa2T—ICENEBISERERBREANTHAL IR T EERV—IREATEREAN) D LD A AT=
AREAREAVTERU—IFTIHRL—ILRELTHH S, EF, BIEIEN-MEIC, REBERNEIC, &
EA)Y LDBRAANDIHERFN L, BUBREAND . RCERICERZEBEL, TOHEEAY
DLHRATEMRT 5, BRV—IREIATINEBLEFZHAZRZANTTALTERLA, ZOHE(E
TEBRBRINSAOTRELESEN, ZDDAZEED, EREIFPATIDOTERNALLIKIV—ILIC
FEET D, SUENWCEAOSNKETIELH D, cNLIEFOT, F=1E, EIZLTHW=Ta1T—[ZD
WTTHHN, —BRL E, RIT, ZITET, BREANVILELETRLDS, BTENEFELL. DA
B, BRRAANDHDEFEORET LD TED,

2015FBAE, FEALEDBRIEHR—IRIL1TTHD, TOFAFIEERDR—TITI=aTILE
LTFEEDS,

17



BIEAYY LBB(HRAO—ILFE) DT AHAT=2T7IL

BRIENID LBBZABORENRREZEREEULTHESLE, ROBB/TTAETI,

* BAZERORETA NI LEAHLIAE])

1L.BHFLEBDVAvIIZUOENL, BRTERDEICEMOKINLGEONERET S,
HAIFEY RS,

2. NILTAEBECERIZT 5, EBTAVTREELTWSIEERIEZTD AV EYIE T 5,

B.DDWAMNLBRARERETRTAT . RCAZRIBTHRNDEENT1.3ET D,
(] 100L%E#—30L 60LEZ— 20L)

4. FETARK, 1NILTAE B Z2HICT 5,

5. ZDFEFMET 5,

* BARRDOIMEHL (BREA) Y LEFTETAT L28H<SLEIND)

1. ABRRNBOBENBAREZREETHDILEHERT D,

2.\ )LTAEB %R, /LT C#AICT %,

B.DMBRTULRNAT (N E 12 mm)ZBHBHNOEMETHAL, RABRBHRITEAZRHIE
IRTESLIIZT B,

4. EDDEFEAYYLHRATERN (0.5 kg/lcm2=0.049 MPa) A, KIAEZRER BREERMN KT
fzo, 1M T%#RE, /1NILT BEFRD S,

5. B2ICRIFT-BEHRT S, (Vv I5 0% LBERTHER)

6. 75UV FFTICRLEKYAYD LA R (0.2 kg/lem?2=0.02 MPa) & An 3,

7. 8\)LT AZEFAICT 5,

CE) BIEERNEZOTLVDEESE,
RIEANY D LD R I AT
LHEEPILEEGD,

Fig . 1. RN LBRHZEELNGRK
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3.3.2 XKODBEEANI D LBBEADRAHL(T=2TI)

10.

11.

12.

13.
14.
15.
16.
17.

EXFEREEERANILBEAITANS,

EAERRECLHESELEAT S,

RALLERB, B, 28, IILEREE, RAHHLE, BHRE=E, K= BHREESE,
BRETBEOXTICRE T, RALLITOBRDESLATEL, FRABFRKEICEET S,
TN IE—(UTFIIZ—)DEICA—F—BHRUTER ZHERRAILF LT NLFa—T
(UTEMRAILF) EBRITEGKET S, @EUA/NLT M BBLNTOWSILERREL, BRaRAlD/ L
T AZERITS, COB, HAOORFYNENLO—L T EO— VT REZDEEEHELTHLS
&

REFRRELLENALISVRI7—F2a—J ORHABRBDIEALOICASZMLBETYIZ4I—2TIF5,
FSURI7F—Fa—TDERHERBOEAQICEDLE S, O, Fa—TREKSHHLTLY
NIEH—ETHEMBDIE, FSURT7—Fa2—TJ#BRB/OBEAORTINEREOTELAA, EA
ANLTBEREVWTI SV RI7—Fa—TNERLEZYBEILEVKSICFTRELELAS U TI2—%
BEIfELTHFETLTS,

AU LTZABNRBNEVESICEAODOR SV ERHDD,

FSURT7—Fa2—TDNIILT G#F 1/4EER(90° KEWLRAITF, MSVRIT7—Fa—TLBRR[/ETFH
9%, (EIUXFHEH5HT 0.16 kgf/lem? LLF)

BRI HEREANVDLNBRBITEAFVIRDDIDT, EANTHYEO S, Z5ENIE, /NILT G %
1EERRAICL TRIADBEREEFIE DT,

FENERFEZLHEICL, FERNENET 5, FEEH BTEEHEOFEA) (E 0.025~0.030 MPa
#F#L, 0.035 MPa ##Z AN\ &,

BRMNERIZE 15 (BRI —DHIRENEIIEUAE HET P T 0.16 kgficm2 LA E(243), +
SYRIT7F—Fa1—TDNILT G EHDS,

BURAEAFFPOEANKKEICTGEST-5, BREFFEADDERFYNEEOHTHL, FSURT7—Fa
—IDEDLENKSICFTLoOMNYERELENSY IF—E T 5, RREAOANSISVRT7—F
1—T DA HZOEBD/NILT BEFLS,

BROB2ERY (ROR—CSH), FHAEFRREICEET D,

BRI INERSVRT7—F2a—ThoEBYSNL, BRICEET S,
FSURIT7F—Fa—TNBBICLELHNESICLTIIFA—EKEALRLESIZHEET LTS,
NLT AZEEC, ERAILFENL, ILXFDEET D,

BHRETBEOXRTFICRE CTRALLEDEROEEZFRIEL, ERAEFEKEICHET D,
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Fig. 12. BIAEAY D LDRAHL (KO1—H—)
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3.3.3 REDAE

BREEFEAREZLEEDREFOAVERTORKDOIRE (Fa=RIRE)ZFIALI-LDOTHD, —liE
BT DhIE S REA) D LOREICOLE, REOBFEHEARSNRBICELTIOTHREL DS,
%o

BEDREIFRDESIZT S, BBOEUL/LICHREANTNS L& MHRET 5, LEF(WERIE Fig.
13— AoV )EL2TRWY, NILIBEHIT, K@it
(Figs.14, 15 SR ZBFDEFTELIRAAT, TONMELZREE
RET D, EIHD, WoKY LRESELHEFREE D LEDIRENR
DELRIZKELLLDLECAD DD TOBEEAMEMNETLT,
EIFTUKE, BNRAICKELBIMUBERET D TOMBELE
# SO EREN mm &85 (Fig. 15), RIZKEETEREMY,
NILITBZEHLS. BROLEEFZRLTREHETH o I=FT~NIR

T, REBEICHEL TV SRERN D HBERHNS. Fig-13. L& (940 Y22 =)
swmst i
_'g Hem st
niL7e ] .‘"“r
HKALTB © =
NILTA &
] h
LHe ~ ' ¥,
k4 —
i —
ARE L |
Fig. 14. RERE Fig. 15. JRERIE EAR)
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3.3. 4 IPADBEREANIHILEB (XICTHIRAT2LT—)DFTHERAHL

a)TaT—DEF
x BEZEG|E

NT 17 —IZIEEESIEHSIRaAVIEFITZIZS5H KUV (Fig.16) . AT 1T —DEES|EEERETITS
(EXZWEDD)  EEENBOEREANDLNECELGLD, BoTHICHEHKTLH, EEFIZFIC
(FYIRNFa1—L(BEEE~10Pa) b/N\—KN\F1—L(BEEE~1%x104Pa) D2EBYHIH S,

*T1AT—DFH E :IL\E
CRIZIE2EYH B, —DIEM, ST 27— HITTEIRE f/i_imw

FEANTIATEHET, AN LERAHHT 1

BRI CTELY, BIAEAN D LDRAELDDLETIZHE -

BREZDBNELET S, SO, BRERETL(CE —(a< HZEa VY

WHT &, SEHNERAANDE, ORMNIEFEIZLL = =

1%, £, AF17—ORECEVEREROBSAE ||| __] AT

BELTHEEZERICKL, BIRAUY LOMEEETEE

%, 55— DR F1T—EFHAL, ST 1T —ITRIKE DA

FEANTFATIHET, BIRADADT,

x S ffg e R

RAHHLEEARIoTNSD, ASRT1T—DHEV
URASTHUOA, RUYkASERT1T—RAREZS
h, BEERASE>TRNAEESRT 528, BT 2
T—OBERNEA R AN O TRET R FTE N/

[REA] RAHYT B CRAHELD 30 FLUED ICERAHLEIE  Fig. 16. HSRTF217—
FkAHUBAIA L, [T E%l I (E@ 30 2 ZEERERAD

RIAMR—=FIZEVTFNT 5. ORI RAEICEKREN TR FHRHETI L
RAHLKFFICEREGEREZREL, ERELREA.EMN) ITREFIEEZLAT D, (EHSHE p42)

CER] BROBEICENT ADVLARZRRPICRASGNIE, ZREBMRS AP D LRI
WA E, EOICERIZFHCEVIREIZLAWNIE, Blb, NWLTREIZERESTEZLD,
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b)k#AHL
* MOV RT7—F1—T D#EfH
F£9, Fig. 17 O&SITRAANT 2T —ICT LBRREZEHKL/ANILITKEHITS, SV RT7—Fa—
TERDESNZEFET D, VTMARIVIMDETERETFa—TOENT2T—DELYNGEYELLED
BEW®, ANDLBRBOBRDIDEVEENS R I7—F1—TICERATEFI115,
FCHIERALIZNS VR T7—Fa—TEKFEIMFTNTODDT, TOFEFEEDE, BFFELHENHID
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TR F2a—T DHEFTELI K EFDKFENEDE S RAANT2T—BIDINSVRT7—F 2
—JIZOY T B NT NS EEHERT S,

BAHLIE, Fig. 17 IZHAHT LEMEZBE L UBLEELYLTAYYLBRFZDOREZRIHELTE
HLIARDEHZEFRT .
¥ NOURTF—F1—THA

BICEEINavIDI5, RAANTIT—RUBEDHIMEIAUDLBERICERLIZ/ LT (CEK)
LS D8IV T (EERSHRLN,

RIZ, FIZELRAATHSEEIRE, /NILITBEHVT(AIXEEETCEKIIRINEETHICLEEEIC
T3), NILIGEREDS,

FSURT7—F2—TT% Fig. 17 DTEKEELT, ANV LBHRAET 27 —BIOEF1—T D5
RERYLGHRSDLT DIBALTULN, COLETLEIRNEF THO TNV LT RADOBEEZE LD
%,

A TN LBRAE—BT)ETISVRI7—F2—T%#EALLD, JOTLEDHIZOYU T %
AN, SMEIMSNURTED D, B/ NILTCERRIZT 5,
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BEMEZDKYBTE, AR AV LTRANNS VR I7—F2a—TJ# @B O TRAANT LT —IZAY,
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[CEZHTAHEENTEDOTHND) . AL LT ESEIL/ LT CE—RIZT S,

FSURIT7F—Fa—THEF>TNIEEIEEN AR ESTENYEDT, Fa—TEIHRNT
TNERYBRZINEFYEET .

BEWAR@Q—IR)IZEKBRT2T—0BENE, PoKYIT2ANMENRINTRAOIVAILE—
DER), AL, FAOKERAMEHFYRILL, BIRARDENRENEAINKREVDT, BE/IS
KTB&52F 5. I, TaT—HICHBCEBALGERBTEOREVINA>TVIEEIEHRIZLS
AHBRZRDMAVEND D, T2T—ITHRIEAN) D LANBYIROHEEENRITNELGS Ff-, D
BUIROLEE, SETRAZBREDICH TV H S HELEIENTLT—DEZEN BV THD
DT, INBLEBRLTHE SOLSBEE, BOTEITCERETIOTREDELDHIZADNELY,

BEA)DLOBYIRDERERTSL, AMEHRTRAE—RELITFTREEALEAANDLERL, HFEY
FFETEBOHTH, T2T—LEBEBRANKEND, ICERKTIOTRERTHS,

BRAANTECRBEFETRIEANIDLNBDE, WNILITGERD, NILICERICLTRANELEDHS, J
DNURERD, EBEOV—ILEBAFETRLICED D NIILIGERDENEBDIELAN) Y LERFIC
BRI E2ENH D,

¥ NSURT7—Fa—TIWYHL

FEFERZICBOINS VR T7—F1—T LV LLITF R GIEFRS BoKYIRKE, B TF2—TH
BEROERITHEYDVWTRITELEEZ LD H B,

NILTBERICL, JITRET S, MOV RI7—Fa—JZMEDMEICRL, FENSIVRT7—F 21—
ME—RITHREID, A THRITAEC S =S EBITIRCSELTIEASHEWL, FOOY U AEYHINTH
AESTWNBDTOY VT HBIETENOTHD, OV T ERHELNMLTHSIRERS,

COFIEHILAE (Fig. 13)ZREBRABVKIICLTAY D LV TFH—IXF D, TaT—DERIRT LE
DBRFSOTELIGEHTHD, BT LELZYYEL/NILIKERICL, Ta7—0EIRAICH R/ \wT
=Ftd,

* R
&Y LEBOERS A2 D LT AL EHHAEZOMO/ LT IEHL TN B EERET B, T4

L BERHOYREIA->TRRTHS.

[RAIAR/ Y ORLHLE—EIC2BETTHE, ARy BB EERERRECRAT D, £,

HRNYT OBRMNFBEHDOFRHETITTHIEITE>TLVS,
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3.4 BUERDRHAELA

How to transfer the Liqg. N2

. EREGEERIIVWESZHZEALTEEEROMEICANS,

Fill in the required items on the usage card, and put it into the box in front of control room.

B ERERERE RFREF>TRAEZERITAEICT

Take the key, usage notebook and gloves.

. MORZER T, FRAELEECAR R K4, RAHLATOEREOLAIL L, RAHLEEFE
AT D,

Unlock the key on the door of lig. N2 tank, and write necessary matters on the notebook.

L RAELIZIE, BPFE (Fig. 18) I TH B (EimIZE) RAELAERHILX L ILF1—T F %
#5, ILF LT NFa—TFRIFEERAANDBEFZDEIEIZEAT S,

At first, inset a flexible tube F into the bottom of the vessel.

. RAHBLORAIE, /LT B1(RIF B ZLLEAVWTEREZF AL, RAAZATHLEMHIZT S,
When the transfer is starting, open slightly valve B1 (or B2) for precooling. When the tube and
vessel have been cool down, valve B1 (or B2) is full open.

L EMEKIZIRS ERERBRNIRUVETOT, NILTE—BFDH-&, BULLETTERICZT S,
When Lig. N2 nearly fills with the vessel, the valve B1 (or B2) should be closed and a little bit
open again to avoid spouting out Lig. N2.

CERFIR) CORALELPEZDENSBNTIZELEN, BEERONELEE, 2D HNEELE
BITERT HIE, 7VLT B1(XIE B2) USMHMIANZNESIZT B,

(Cautions) Do not leave the place where we transfer cryogens. If you find some anomalies,
please contact technicians in cryogenics division. Do not handle anything except transfer valve in
liquid N2 tank.

L RAHELEE, NLT B1(RIE
B2)#FASHTILFLTILFa—
JF#&RIZRY,

After transfer, close tightly the
valve B1 (or B2), and return the
flexible tube F.

. RIS, ERERREISRAHL
HOBEETOLARILLERAT S,
Finally, write the value of level L
of the gauge in the notebook.

. BEMNT, FEDZFTICHE, F/A
HRRE RFRERY,

Lock the key and return the key,
notebook and gloves.

ILFYITNFa—TF ZDDYIZHBHEDFMSHTE
(Flexible tube F) Do not touch these valves.

Fig. 18. BIAERRHLIGFT
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1. BRERYHELFAERERZRS, ARABEF (FRITO—F) ZHIT5,
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3. RTAR, RTATSITERYMITEH, OKBEAFEL TV EEIREMYEZIESES)

E A it

b) RAERZBEXBHENOBMYETIES

1. ARBEFHFHANTONIERSD, FERYBLF
=HIT5,

2. REFRELLI DEHITH BNREEICAYZESE
LTEHZELIF, BRAZRDBDLTDHB, EH
it BRAREROHBESEZRGACFEFZRAEL
(0.2-0.5 kg/cm2=0.02-0.049 MPa), j&ZEY
B9 WEEDRRERZRAHLZL, REFHF

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

—— o

Fig. 19. BERXBRAERESH
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4. EF —Reference Materials
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—REEHRARLZHRE
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Fig. 20. ARRURDBELZINESNTLEIAR
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AR ERERBTROBREICONT

—Examination of a Closed Liq. N2 Vessel

BARZBRIEIBEARRLECGEEES) TEEEHARE
Sh, ZOBEREZT5, TOEAIE, BEIZEROES
YTHd, BAERDBRITH 77K(—196°C) TEIRI
SHLTLERMITHEL, BRI D, HEBKOKESITE
SEEOBNRICAVSNBIZEEETHDDERE,
BRABRDERARIERATDEFRELRBEICLD=D,
RN THD,

: s |

NILTERMFVTWTER-RETEDRMARERSHR  Fig. 25. ZMBEROHIEHRRAKER
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SROHEBIARRETOREZ/NALBGITNIEERG
W &Ffz, FREBBHREFEICLFIBOHTRKRTHS.
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B
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HERBBEH 20 ERXRFOLDIL 5 F, BAEH 20 FLULDEDIE 2 F,
BL, EmTeE 3 A 31 BUANCEEZ-IFERESA=LDIL,
BLEREBER 15 FREA 3 F, 15 FLUL 20 FRFEN 2 F, 20 FLULBEF,
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EFBRHFORE

—Lending of Cryogen Vessels

ERRBECTIEXRAEANIDVLLRARZROBRHEDEHET>TLS, ARSI BEIVAETRER
Y (%

1) ERARE
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X O TREANY LBBFEFESIANF2-SBREATICHRITKETTEL,

Fig.26. BEHEH : BAZRRBHR/LEBRUANY DL
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AU LEYREEE OFEREFIAIZDONT
—New Construction of a He Gas Recovery Line and its Usage

A LEREEEZHRT HEEE, £, BATEREEREICHERLTTEL,

IZELEDIEA

Note of the New Construction of a He Gas Recovery Line

1. BURE AR THDE,
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EFZD1+5%,

w

© N o g &

IE&RD)—ITANZIDNT

Leak Test after the New Construction of a He Gas Recovery Line and its Usage

A LIFMDAREERFHEVCEBELNB DT, BEARERLGIHLWN)—ITAMBET

Hdo
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ERARATIOREETHNEL, BREZFTTRAUEFRLGVD, ROENGFTEARTAGLNESD
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TAMETRIIV—VTAMREELZ R ERBREAEHRE TS,
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BE BEETEKICLD—UTAR

MWEIEEZE 103 Torr, U—Y= (dVu/dt) (X dVi/dt= dp/dt x V=760 ZFLVTETE ., 1BL, dp/dt (&
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BRIEZHR - BIEAN Y L (FH) DILAR—F—(CEBHEHRICDT

Notes for transporting the containers of Liq. N2 and He by elevator

TR 1812520 H
BEfRE AL
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KR - HaR o TR &R #HRIEX

BARBR - BREAN)ILDILAR—A—(ZE BRI OV TEEEBELLELES,
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HEARICKYBERIRREIZRSBIRENDBYET .
hFETEH, EFORYKRWICETIREXBEDHF TILA—EA—IZTRAZR RIANY D LEERK
T55E, ABNRRLLEVKSIEEETO>TEVWYELED, SERLTLOIEFREICH > CERET
2TLEELY,

Ft=, ILR—2—%FATI2—BEREICHLTEEDERMNESBELLELETS,

1. RRER-BRENIDLOERE~DIE

1) BABR-BIEANIDLEILA—E2—IZTERTHIHE, AFBRLEEBIIILAR—F—(CFH
FET, EROAEWRT S, F-, BT HERICT, FIEDIEFEHBZE/RL, TLA—5—
~DADRIFEZHIET B,
When liquid nitrogen or liquid helium 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.

2) NEUNEFRABRRICTRAZR - BRIENIV LT EWRT DI5EIE, TEDLEITREREFALTE
WET 5. L, 1) ERKRICFIEDIRFZRHFANI/TRL, ANILA—F—ICRELEL
£II2F %,

When liquid nitrogen or liquid helium 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. —IRIBRE~DEE
1) BE, ILA—F—ICTREZER -RIEANID LEEWRT DG TIE, ILA—F—D%REO
12, BRAER-BREAN)DLOERPIZTLA—E—[CRRLGVELITEBTET
2) BERBREHEDHTRAZR - BENIDLOERPF, TLR—F—IZEFELENEIIC

BEE1TS,
3) BRIEREV-ATIILFICEARZRR -BAEAN)DLDERP XL ARA—E2—(CREIFELENKSE
I

T FERBOKRIL, BARERARIIERR LI —RR - HIB[HEM HP 1 LLIT, R2E4E
EFES HP AU O—RTEET,
BAMEARIIZMAR L 2—KER - #3F2HEP URL: http://www.sci.hiroshima-u.ac.jp/kiki/
TE£B4EZFEL 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. 28. FTEEi#
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Transporting
Liquid nitrogen / Liquid helium !
Do not take this elevator.
Wait for the next service.
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Date £ A

EHIERER

Cryogen usage card
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BAER
Liq. N2

(BEBEE Vessel volume)

BAEAYD L
Lig. He

(B2 AE Vessel volume)

-
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IR - R T ER R EIRSRERAR

Cryogenics and Instrumental Analysis Division

Natural Science Center for Basic Research and Development
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—Rooms in Cryogenics Division
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* ¥ ¥ ¥

HEF ABEI X

—List on common use apparatuses

INBIFEBUAERE (3He-*He dilution refrigerator, Kelvinox Oxford Instruments Co., Ltd.)
EZERE 30 mK, AEEES 20 pW (100 mK IZ0), BBIzEHA (FiE 8 TA7) T
Lowest Temperature : 30 mK, Cooling power : 20 pyW @100 mK, Superconducting magnet (8 T)

BT S H R R R

(Adiabatic demagnetization refrigerator, mF-ADR, Cambridge Magnetic Refrigeration)

EERE 40 mK, 100 mK D £REFEFR] 20 BefE Ll E (W ht B AR

Lowest Temperature : 30 mK, Holding time of 100 mK > 20 hours,
Superconducting magnet (6 T)

SHe % E# 25 (He refrigerator, Heliox, Oxford Instruments Co., Ltd.)
A4 REMEE 0.3 ~300 K (Temperature range : 0.3 ~300 K)

HBIZE T (Superconducting Magnet, Oxford Instruments Co., Ltd.)

FeAWE 12 TA7  AIEREE#HE 0.3K ~300K
Maximum fields : 12 T
BEEXIRETEEE (Low-temperature X-ray diffraction apparatus, RINT2000, Rigaku Co., Ltd.)
EEL*FEHE Cu HiHh 18 kW TIZEESE 3.8 ~500 K
Target : Cu, Maximum Power : 18 kW, Temperature range : 3.8 ~500 K
SQUID RREH CEXRFIA) (SQUID magnetometer, MPMS, Quantum design Co., Ltd.)
BE 2~400K Hi% 5TR7
Temperature range : 2~400 K, Magnetic fields =5T
BRI EE CEXRFIA)2 & (PPMS, Quantum design Co., Ltd.)
PPMS JEE 0.3~400K #i5 14 7R3
Temperature range : 0.3~400 K, Magnetic fields =14 T

)—9T4T493— (Leak detector)

-DLMS-33 3 &, *He-“He A, H&RHEE 3x107"" Torr L/sec
CNUTATIE—  RBIEHARAA, BERE 2x107*  Torr L/sec

HIzEEFTHEH(SQUID) (1K)

-AC-SQUID (MPS) , DC-SQUID (MFP) R, BEESREANER
-AC-SQUID (HS-1R) HiEREREAIER

BAIES
ERERLLEE S 1nv, BEL{L £HY 0.01ppm

INBUAERE 974432(D310, CW303)

FERE 10K, SEEESN 3mW (20K IZT)

EH7O—RHIS54F X4 vk (CF1200N)

BEERTYD (AVS-46)

Fr/RVBURTYyY (GR-1620A) 4 fERE 1077 F

NQRIZ#E R &t

AIREEE 90K~398K, KCIO:M*°Cl DKM EEHIEERBDREKEFEZFIA

* RARERRIZ  50L =
* GRIANUDLERE HAV—ILFE FE 60L 2&, &= 100L 3&
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AU L7 A [EUREE B (BB RE)
—He gas recovery line in campus
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AU LDBEIE-HRAERT7A—E
—Flow chart of He liquefaction and recovery in campus
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(a) BER DR

RRPDERIFIEELT 20.9%THD. BRIRED 18%KREICTARBEZHERERZ, BERZ
DERERVALZEICE O TETHEREMARZEEL D, — RIS, AMEAEELHEEEHIELID
ZERHPDOBERREDTRIE 16%ESN, CNIYETLEGERIFERDOE BT (EHE, IkARUTR
HOEM, BELS, HFEW, B, £ERAGEOBRRRZERNEN, SOICHRREENVENERE
RVAL EH D TRICES IS, MEFRERATHLERZLSIBUERICHS CNIEHE XS %L,

BICHEZZHERIY—DLIITEARABNEERKEICHSIE VOIS, LA S>TERMAEHEL TS
BHRICEBEAD T THERT IDIEERITAETHD.

BMEEEDETIZLKIARADEZEL, BENPRRBEENHLE, BRKELEICLKIBAAEND
Y, FZRPOBREENRLIELDIGEICITERSZEICENTRONENIENZ LMD,
BRAERIGHMICIIBRERFERE T HELDLIC, BRRED 20%UTICASHENELIICHR T HIE
NLETHD,

BRAZRIBEFRERTHASNG-O, BRERZOBKREFIEZERDOGZRITOVTHRAL, F
CIERFAYDLIZDODVWTHRYIDDTEESNT =LY,

(b)) ZENTHDERMHEBERREERT

ENTERBLEZARGEETENIRE T HIEABRICILERGFLDREITHS, LML, ATHRE
DBEABRBH/IOBRABREZRAETEEZICE, BRELELARDNERNITHRESAELIS, EROES
HDEREELED, (S, RIEDEMEIB VI PROKEENLLMND, ERAREVHNSEVDS>TEHRL
THETLTIEGOEW FITER T AEZE, ARHASKLTOWVENWERNTRAZREARSIEHRITLHEER
REIRBELSHITIETLEBRKEICESZLETHD, LVE, BEVoDENTERARD v DEISTHE
SNIRITHEE, BEHFEtTORRREEp 2 ETH. ODOBRRELZp 1 &L, BERARDOMEEL
FILEIETo1 DEREZEAZZEINENIRITELLEEZ DL,

BRERDREEH Vop=Vopi—vitor DB,

Vst
P2 = |:1_ v i|p1
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BRI, BELEL 100 m3 DERNTERHT AN
HEN-EEDERTBRREEp - DEBELE R
Y CCTHHZEROBRREp 1% 20.9%E7 5%,
A5 1 m3min D N HRADBEN DD E, 14 D8
B TEERIREE (02 Y 18%LLTF) &%%, 300 K, 1
[ECBITEIERAR 1 m3EBRAER 1.4 L8 14 . . . .
LFEMD, 1.4 LUmn DERAFETH 1495 UL ° j ﬁliéa%ﬁﬁ (iio = =
ZERTHD.

N. HEE v, =0.5(m*/min)

B KB v, =1
18% LI
16- Vs =2

BEREE (VOL%)

C R O BO

(a) RIGDfERE

RETOLIEAZLDE, MBBEILTOWVEVRECERRICEADOELHL-BS NRMNIIEET,
REDKANEHELREITEREEREIT . T, ILF LT LEEDEmMNSRIEFTRANEHTLHLE,
ZOREBTED RN N E>TRIEAINEERICEYILDY, REEZTEIENRHD, CDHSE, &
EAREEACTVKRREFRALTL Y, RIETRAD-FYOTVVRETHAAZEZF VYT DL, B
AU LICERTHS,

FEICLTRIEARTREZESBEIT, REBABEEGEOTLEVELIICTHIENKYIT, BOH-YE
BLEYLBWTRAINKEERMDBRER THSEXH * [REORELREORS, RE, EME
FFICEOTEREDAEMNG, KiE, =F-h, BEDEFITES GHAEFTNIELITEERLLSLEH
AE5. RIGFMTEEZHIOT, BREICBELS I NS ELVDATINS,

(b) REEDEH

BRRIEARDOEYEL, BLBRZAGEDEXROEEE, F, 8 BEOELHL-FEKOIHCZIT
T HFIZ, BISRIEARDBEARERAFLEVLSICTREATRDEREMITS 5. RILARERYEK
SEHE, BRIIRMEER, FRETCHITIREODRFREDITSH, T, HITROHFE LRHA KL,
AR DT ELHDIMAIZIEDLIIERT B, [5EXH *]

* EETPHER BEREBOREZTY-17I/p.2 BRI¥HE(1975.3)
BIZE- BTSN\ TVY (F—LT) &Yk
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2)McClintock, Meredith, Wigmore & (BkH 8=, #iI% 18 A+ BZR), MEEMEAMI, L E,
1988 . EEMEDOAMETHLN, BRETORBEMORERLH S,

M W=, RE BX, tHR EX TH #WE, MEEOWMEYERIE#HLL, 2000 F.
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LEED 4)DHRIL 0.3 KA D 77 KETOEERERDF5IEE, 2 RITFF AR (MK) BT ZE0.
i 8 KR RER M D {lA - IRV R E D Rk,
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10)J. W. Ekin, “Experimental Techniques for Low-Temperature Measurements” Oxford, 2006.
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