


-separarea/lichefierea gazelor industriale: oxigen, azot,argon,
He, Ne, Kr...gaze naturale, etilena...

-producerea vidului ultra-inalt

-aplicatii bio-medicale: stocarea de celule, tesuturi, organe,
crio-chirurgie,crio-terapie, imagistica RMN

-aplicatiile supraconductibilitatii

-producerea campurilor magentice intense

-tratamente termice ale materialelor

-procesarea alimentelor
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Informatii despre curs

Introducere in criogenie

Scurt istoric



Cursul este conceput pentru a furniza cunostinte de baza

necesare inginerilor fizicieni experimentatori, Th domeniul

criogeniei, pentru ca:

1. sa poata explica fenomenele care au loc la temperaturi
joase.

2. sd poatd exploata sisteme criogenice.

3. sa proiecteze sisteme criogenice (criostate,
refrigeratoare, etc.).

4. sdrealizeze aranjamente experimeltale si masurdtori la
temperaturi joase, sa poatd lucra intr-un laborator de

tfemperaturi joase.



Aveti nevoie de cunostinie de:

-termodinamica (entropie, potential chimic, functii de
distributie, etc.)

-mecanicd cuanticd (cuantificare, functie de unda, spin etc.)
-ceva notiuni de electricitate si magnetism (electroni de
conductie, retea cristalina, fononi, momente magnetice,
etc.)





http://cryocourse.grenoble.cnrs.fr/
http://cryocourse.grenoble.cnrs.fr/










Principiile fermodinamicii

1. NU putem obtine ceva din nimic

2. NU putem obtine ceva cu foarte putin

3. NU putem atinge zero absolut

Asimetria scarii de temperatura
*Principiul T OK!

*Principiul ITI -unele procese apar spontan altele NU!-sensul
de curgere spontana a caldurii

+ Principiul ITT

TEMPERATURILE JOASE SE OBTIN MAI GREU Il
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S.S. Strathleven, equipped with Bell&Coleman air-cycle
refrigerator. First meat cargo transported from Australia
to London 6.12.1879 - 2.2.1880.

By courtesy of "La Trobe Picture Collection”. State Library of Victoria



Lichide criogenice

Vol.
substanta T{K ] T K ] T.[K] Pylbar] T.[K] P.[bar ] LIKJ/L ] in aer%

373,15 273,15 273,16 0,06 6473 220 2252 -

0, 90,2 544 5436 0,016 1543 50,4 245 20,9
N, 77,36 633 63,15 0,12 1260 33,9 160 78,1
Ne 27,1 245 24,56 043 44,5 27,2 110 2.10™
D, 23,7 18,7 18,70 0,17 38,3 16,6 50 -

H, 20,3 14,0 138 0,07 33,3 13,0 31,8 0,5.10*
*He 4,21 - - - 5,20 2,28 2,56 5,2.10*
‘He 3,19 - - - 3,32 1,16 0,48 -

Proprietatile unor lichide (T,- temperatura de fierbere la P=1 bar, T.-
temperatura de topire la P = 1 bar, T, (P,) -temperatura (presiunea)
punctului triplu, T, temperatura critica, L -caldura latenta de
vaporizare



Scurta istorie

Michael Faraday, pana in 1845 a
lichefiat aproape toate gazele
cunoscute.

Michael Faraday
Metoda: comprimare/racire>racirea Intr-o baie de eter si

zapada carbonica, urmata de presurizarea gazului pana la
lichefiere.

Sase gaze au rezistat: oxigen, hidrogen, azot, monoxid de
carbon, metan, oxidul de azot.

“Gaze permanente”

Gazele nobile: heliu, neon, argon, kripton, xenon nu erau inca
descoperite.



P xV =const. xT

izotermele unui gaz ideal
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“nasterea” criogeniei a avut loc odata cu
lichefierea oxigenului

24 Decembrie 1877 Louis Cailletet in Paris

oxigen comprimat la 300 bar si racit la -29 9C prin

evaporare de SO, (sau etilena)

Cand presiunea a fost descarcata, a

fost observatd, pentru o scurt3 =

duratd, o ceata de picaturi de oxigen.| @

Adica destinderea izentropa s-a o \\_H

terminat in zona de echilibru lichid- A —

vapor AT
. T,

Volume




http://bern1914.org/genf_1896/rp11_sa_cailletet.html
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Fig. L.—CAILLETET'S APPARATUS FOBR LIQUEFYING GASES.



Fig. 5.

Fig. 2.
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No. 8 - February 23, 1878 - Cailletet

Scientific American Vol. XXXVIII -

sa_cailletet.html

http://bern1914.org/genf_1896/rp11



Louis-Paul Cailletet (1832-1913)

La machine de Cailletet
(conservée a Dijon par







Raoul Pictet 1877-lichefierea oxigenului Geneva

In acelasi timp cu Cailletet

Cascada SO,- CO,....racire in trepte
prin vaporizare de SO, (-65°2 C) condensam CO, (-140°C)

>

+supapa JT

Pressure

Critical point

Oxigen gaz (-140°C); 320 bar
-> destindere ]

Wholly liquid

i %,

Oxigen lichid

'(
Popular Science Monthly Volume 13 May 1878 (187¢

Liquefaction of the Gases II

By Gaston Tissandier Volume
http://en.wikisource.org/wiki/Popular_Science_Monthly/Volume_13/May_1878/Liquefaction_of_the_Gases_II



http://en.wikisource.org/wiki/Popular_Science_Monthly
http://en.wikisource.org/wiki/Popular_Science_Monthly/Volume_13
http://en.wikisource.org/wiki/Popular_Science_Monthly/Volume_13/May_1878
http://en.wikisource.org/wiki/Author:Gaston_Tissandier
http://en.wikisource.org/wiki/Author:Gaston_Tissandier

Popular Science Monthly Volume 13 May 1878 (1878)

Liquefaction of the Gases II By Gaston Tissandier
http://en.wikisource.org/wiki/Popular_Science_Monthly/Volume_13/May_1878/Liquefaction_of_the_Gases_II



http://en.wikisource.org/wiki/Popular_Science_Monthly
http://en.wikisource.org/wiki/Popular_Science_Monthly/Volume_13
http://en.wikisource.org/wiki/Popular_Science_Monthly/Volume_13/May_1878
http://en.wikisource.org/wiki/Author:Gaston_Tissandier
http://en.wikisource.org/wiki/Author:Gaston_Tissandier

preluat din : R.G. Scurlock, Cryogenics 1990 Vol 30 June 483

Fig. 1. — Grand appareil de M. Bacul Pictet pour la liquéfaction des gaz. (aprés une photographia.)



https://www.chemistryworld.com/opinion/pictets-liquefier/6332.article

jet de oxigen: vapori+picaturi spray LOX







Fabrica de gheata

m)|

|
A
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S = c } ;
i 2 BOSSEIEN RNCRESHE SITNRGS AUORINeE  FS8SEE0 \,/c* %

Abb. 44. SO,-Eismaschine von RAOUL PICTET.

A Kondensator, C Verdampfer, D Druckrohr, & Riihrwerk, H Eiszelle, K Drosselventil, L Wasser-
eintritt in den Kondensator, M Wasseraustritt.

preluat din : R.G. Scurlock, Cryogenics 1990 Vol 30 June 483



Zygmundt von Wroblewski si Karol Olszewski
in Cracovia, Polonia 1883

au fost primii care au colectat oxigen lichid-cu menisc

=T

» FIG. 1:

Wréblewskiby [
H. Wdowiszewski
(around 1884).

» FIG. 2:
Self-photograph
onsepia-paperof |
Karol Olszewski i
(around 1884). [

Article available http//www_europhysicsnews.org or http://dx.doi.org/10.1051/epn/2010402




ghe

ts2 Etilens Studiul proprietatilor

-20 °C oxigenului

Modificarea meniscului:

el .~ eter+zapada o . .
5|  carbonics Marimi critice:
3 y ~-78°C
a . o P~ 50 atm
\ | st /’Jg’z I"‘,, OXlgen
t~ -113°C
pompare g
/ compresor
. — 20 atm
-136 °C [\
Etilena 7

Fierberea linistita a oxigenului’

Article available hitp//www_europhysicsnews.org or hitp://dx.doi.org/10.1051/epn/2010402




Europhysics News Vol. 41, No. 4, 2010, pp. 21-25
A tribute to Wroblewski and Olszewski

Henk Kubbinga
University of Groningen, The Netherlands

Article available http://'www_europhysicsnews.org or http://dx.doi.org/10.1051/epn/2010402




"
A TRIBUTETO

* Henk Kubbinga * University of Groningen (The Netherlands) ~ DOI: 10.1051/epn/2010402




Fig. 3.3. Schematic apparatus by Wréblewski and Olszewski (alter rell 4): a,
bottle with liquid ethylene: b, container with Thilorier mixture: ¢, hydrogen (gas)
thermometer; d, glass container with liquid ethylene; ¢, thick-walled glass capillary
where oxygen is condensed: [, steel cylinder with gaseous oxygen (=60 atm).

Fic. 3.4, Principle of operation of apparatus by Wréblewski and Qlszewski (afier
ref, 4): I, conduit to pump; 2, glass tube with reinforced walls; 3, ethylene boiling
under reduced pressure (=130°C): 4. condensed oxygen: 5. steel high-pressure
gascous oxygen cylinder,



Fierberea oxigenului lichid sub presiune redusa->
temperaturi mai joase-> lichefiere N,, CO, CH, la

presiune atmosferica

Temperatura minima ~-2259C - N, solid



Prof. Dr. Carl von Linde,
Germania

1842-1934

In Mai 1895 realizeaza primul proces

Carl von Linde

continuu de lichefiere a aerului bazat
pe efectul Joule-Thomson si utilizarea
unui schimbator de caldura in contra-

curent.



Aerul comprimat, de la 20 la 80 bar (si preracit cu apa)
—>schimbator de caldura in contra-curent, >destindere
pe un ventil Joule-Thomson->se raceste ->curent invers
—efect in lant

Capacitatea de lichefiere era de doar 3 litri pe ora.

Efectul T> ?_rf_cr-_gn_ql de interes industrial.

o

-

Veraichfer

(- TN

Abb. 70. Schema der ersten
Luftverfliissigungsmaschine von LINDE.

(Source: PTB Braunschweig) V.36
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FIGURE 1.7. Drawing of Linde’s dual-pressure JT air liquefier.



THE LINDE GROUP

Profesor

«Cercetator

Inventator

e —
2
Carl von Linde I EEEE——..

«Afacerea proprie> firma Linde (1878): refrigerare pentru

industria berii; lichefierea gazelor; gaze pure: O,, N,, Ar, He,
CH, etc.

-Separarea gazelor in

:

qut.(ld Air Nitmgen
with
7% O,

coloane de rectificare criogenice

«1873 primul frigider (refrigerator portabil) o

I

nearly
pure

Oxygen

l
|

http://www.linde.com/ .

Air



http://www.linde.com/




1905, George Claude, in Franta, perfectioneaza

procedeul lui Linde adaugand o masina de detenta

O parte din gaz se destinde (izentropic)—> prin

efectuare de lucru mecanic, marind eficienta de racire.

competitia dintre Linde si Claude (ca si dintre firmele

lor Linde si respective L’Air Liquide)

eCcrearea unei noi industrii, cea a gazelor industriale



Sir James Dewar

1898 lichefierea hidrogenului




£

-

1L 36. James Dewar, inventor of the double-walled glass container with a vacuum

between the walls (the thermos flask) in the Royal Institution, London, around 1goc.




‘Procedeu asemanator cu cel al lui Linde pentru
lichefierea aerului.

a preracit hidrogenul comprimat la 180 bar cu aer
lichid.

*Apoi hidrogenul racit si la presiune inalta a fost
trecut prin schimbatorul de caldura in contra-
curent iar in ultima treapta de racire a avut loc

destinderea JT In urma careia avea loc lichefierea.






Sir James Dewar demonstrating his recent successful liquefaction of hydrogen at a Friday evening lecture in 1899 at the
Royal Institution, London. The painting, by Henry Jamyn Brooks (1865-1926), is reproduced with the permission of the Royal




Mo, 873,785 PATENTED DEC. 3, 1607
% BURGER
1892 vasul Dewar DOTBLE WALLED VESSEL WITH A 8PACE FOR A VACUOM
BEIWEEN THE WALLS.

e un vas de sticla cu pereti dubli, B2l
vidati si argintati, cu scopul de a ‘
reduce substantial patrunderile
de caldura.

LANERTE-282ET

« lichidele criogenice pot fi
transportate si pastrate pe durate
mari de timp, cu usurinta si cu
pierderi reduse.

(termosul, desi aceasta denumire
apartinea firmei germane Thermos
GmbH, 1904).

wWITHES

j(—:ﬁ’( l'-'s'.q > Pah) o




Heliu

Descoperit in 1868, -- a fost vazuta o linie galbena stralucitoare
in spectrul cromosferei solare de catre Pierre Janssen si

independent de el de catre Norman Lockyer

m Aproape tot provine din dezintegrarea radioactiva(~0.0034 m3/km3/an)
- (toriu, uraniu—>particule alfa)
m cel mai mult in gazele naturale (~7%). Concentratii (%):

- in roci: 8-1079
- in apa maérilor: 4.10712
- in atmosfera: 5.2-1076



1900 -- He singurul gaz “permanent”

Competitie intre:
« James Dewar de la Royal Institution in Anglia

« Olszewski, Cracovia, Polonia
« Heike Kamerlingh Onnes de la Universitatea din Leiden, Olanda

And the winner was: Heike Kamerlingh Onnes ! 10 iulie 1908
*heliu gaz extras din monazite (care continea 1 — 2 L de heliu per kg)

-Obtine 360 L de gaz (in conditii normale de presiune si

temperatura), ceea ce ar fi corespuns la 0,5 L de lichid
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http://www-outreach.phy.cam.ac.uk/camphy/museum/area7/cabinet1.htm
http://www-outreach.phy.cam.ac.uk/camphy/museum/area7/cabinet1.htm
http://www-outreach.phy.cam.ac.uk/camphy/museum/area7/cabinet1.htm















http://webmuseum.mit.edu/browser.php?m=people&kv=7342&i=160148



http://webmuseum.mit.edu/browser.php?m=people&kv=7342&i=160148
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Fichefactor de
azot 8L/h

Cryogenerator
+ coloana de
separare

din Brosura Stirlig
Cryogenics




Lichefactor de azot +PSA

din Brosura Stirlig
Cryogenics



In anii 1950 si 1960 > dezvoltarea echipamentelor de vedere pe
timp de noapte, in infrarosu, si a sistemelor de ghidare termica a
rachetelor de lupta.

la temperaturi corespunzand azotului lichid (80 K) si hidrogenului
lichid (20 K)

-Racirea acestor senzori e necesara pentru ca ei sa poata
functiona in domeniul lungimilor de unda corespunzatoare
aplicatiilor si pentru a le mari detectivitatea

*Misiuni spatiale

cerinte:

fiabilitate ridicata si vibratii reduse
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CRYOCOURSE 2007 - Chichilianne
CRYOCOOLERS - Industrial approach

Alain RAVEX
Thierry TROLLIER
AIR LIQUIDE / DTA




Stirling coolers - Rotary split

Air Liquide —_ AIR LIOUIDE



In 1959, Gifford si McMahon reusesc s& demonstreze functionarea
unui refrigerator criogenic in care partea de comprimare si cea de
expansiune sunt separate.

Frecventa de actionare a pistonului in detentor este de ordinul a 1 Hz,
ceea ce-i confera o durata mare de buna functionare (circa 10.000 h).



LU AT

"’t"ﬂ'””
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Figure 2.23 GM cold head and separate compressor (Courtesy of Leybold).
Typical compressor size: 0.5 mx 0.5 mx 0.5 m.



In refrigeratorul criogenic de tip ,tub pulsator” rolul
pistonului detentor solid este preluat de miscarea unei
coloane ,de gaz”, dar regeneratorul este mentinut.

W. E. Gifford si L. C.

L th in 1963
ongswortn in in 1984, Mikulin et al.

120 K 60 K

Compresor identic cu sistemele GMM



« schimbare extrem de importanta in jurul anului 2000,

«  s-areusit producerea temperaturilor de circa 4 K cu astfel de sisteme.

. utilizarea unor compusi magnetici in schimbatoarele de caldura
regenerative.

- de exemplu Er;Ni, HoCu,, GdAIO, etc. au caldura specifica la temperaturi
joase, comparabila, sau chiar mai mare decat cea a heliului (gazul de lucru),
datorita unor transformari de faza magnetice care apar la aceste temperaturi.

« perfectionarea refrigeratoarelor criogenice GM si de tip tub pulsator astfel
incat sa atinga temperatura de 4 K si sa o mentina pe o durata lunga de timp,
fara heliu lichid.

*  cryogen free coolers

« criostate racite cu refrigeratoare criogenice cu magneti supraconductori
(pana la 18 T) sau pentru experimente la temperaturi foarte joase, inlocuind
majoritatea criostatelor care foloseau heliu lichid.

« imagistica RMN (prin rezonanta magnetica nucleara).

 recondensarea vaporilor de heliu din criostate care utilizeaza magneti
imersati in heliu lichid




Room temp
mounting
flange

1st Stage

2nd Stage

Sumitomo RDK-101D
0.1 W@ 4.2K GM cold head

Room temp
mounting
flange

1st Stage
2nd Stage

Sumitomo RP-062B

0.5 W @ 4.2K Pulse Tube cold head



L 0W@4 2K

SRP- 0828 PULSE Tl:lB\E (i SH! —$
gy T

Cryogenics Group

Cooling Capacity:
1st stage: 40W at 45K (50/60Hz)
2nd stage: 1.0W at 4.2K (50/60Hz)

Lowest Temperature:
<3.0K

Cooldown Time:
<80 minutes




2nd stage and 1st stage combined 1.5W @ 4.2K with 40W @ 45K
Lowest Temperature: OW @ 2.8K

2 ¥ 1

PT415 SYSTEM FE\, _| ALl THFORWA TEOM CDNTAINELD TN THID DDLUNERT SHOULD H:
USED FOR REFERENCE FURPOSES ONLY & ARE SUBJECT TO
CHANGE WITHOUT PRIOR KOTIFICATION. ALSC, THIS DOCUMENT|
(S CONSIDERED PROPRIETARY & THE SOLE PROPERTY OF
CRYOMECH, INC. & SHOULD NOT BE REPRODUCED IN ANY
MANMWER WITHOUT PRIOR WRITTEM AFPROWAL.
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2) LOW NOISE HELIUM
AEROQUIP (2) 7

FLEX LINES 17 ID
STANDARD LENGTH: 66 ft
LONGER LENGTHS AVAILABLE

3/ 47
AEROQUIP

/47
AEROQUIP
3/47

COLD HEAD AEROQUIP

MOTOR CORD
{SAME LENGTH
AS FLEX LINES)

PT415 COLD HEAD
MANLAL TOOL KIT THING ANGLE PROEGTION |
~ o CRYOMECH,INC
POWER CORD LS - J T s )

3 CEOMALS MI0i-£.005 HK=.01 K=kl
% LLOVER FINISH 28 R

CONCENTRIITY 005 TOTAL MOICATOR RUN CUT

FERRENMEACNLY 200 (UMLESS OTHERWSE SPECIFED)

NAME: PT415 CRYOREFRIGERATOR

CP1010 COMPRESSOR PACKAGE
(WATER COOLED)

owe 2 PT415 SYSTEM [sor 1 o 1
MATERIAL: AS STATED
owm sy BMR_DATE: J0SEFDE [scu=TOFT [CRE A
1239 -— - INITIAL RELEASE Z1SEPOE [15TCHie AD  DATE 24SEPOS |2NDCI'H.'B.Z DATE: 21SEPDS
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PT410
COLD HEAD

RE-LIQUEFIER

RE-LIQUEFIER
SUPPORT STAND

TEMPERATURE CONTROLLER

HELIUM VAPOR LINE

SHUT OFF LIQUID FILL

VALVE
LIQUID RETURN LINE

KF16

INSTRUMENTATION NECK

HELIUM CRYOSTAT




CRYO

This innovative design features a Room
Temperature Bore, which allows for
optional Variable Temperature Insert.
Run the system in either configuration.
See photo below.

Conductively Cooled Superconducting Magnet System

with Room Temperature Bore

SYSTEM FEATURES!:
Reference Drawing: CF-2376-RTB
* You select the magnetic field at 4.2 K
* +/-0.1% central field homogeneity over a 10
mm DSV

5
:
[
:
|

« HTS (High Temperature Superconductor)
magnet current leads

* 3.03 mch Diameter Room Temperature Bore

(RTB)

Charcoal cryopump assembly

CalFit Cemnox (4K to 323K) temperature sensor

mstalled on magnet 1.0 Watt closed cycle

refrigerator and compressor

* 4K closed cycle Sumitomo refrigerator with 1.0
watt at 4 2K for magmet cooling

* Water cooled compressor with interchanging
hoses

* Radiation shield conduction cooled by GM 1st
stage

* Charcoal getter for vacumm integrity

* Pressure relief valve

i sealed electrical

Evacuation valve with NW23 flange

* System operates without liqud cryogens

» Start up tool kit with operational manual

* 1 Year warranty N

|z

CRYO Industries of America, Inc. 11124
5. Willow 5t * Manchester, NH 03103
Tel: {603} 621-9957 = Fax: (603) 621-8960
E-mail: cryo@oryoindustries.com




GM

Vacuum

vessel cryocooler
Radiation __ | 1st stage
shield
HTS current
leads |
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Fig. 1 Schematic view of cryogen-free superconducting magnet
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Brosura Cryogenic Ltd.

FIG. 1. (Color online) Schematic of the cryogen-free magnet: (A) 89 mm
room temperature bore, (B) radiation shield, (C) 12.1 T superconducting
solenoid, (D) copper thermal links, (E) cryocooler. (F) protection terminals,
and (G) magnet terminals.
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