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PRECOOLER RING VACUUM SYSTEM

John S. Hoenich

I ntroduc t i on

The precooler va cuum s y stem, a s propos ed by TN AL, is· lJ3 sed

on a suitable modification of the existing Electron Cooling Ring

System. ~ecause of the magnetic cycle of the henc1ing lnagnets»

distributed ion pumping, as exists in the Electron Cooling Ring»

is not applicable. Instead, the proposed pomping will be done

with commercial apperidage ion pumps mounted approximately every

two meters around the circumference of the ring. The lo!;s of

effective pumping speed and non-uniformity of system pressure

",ith appendage pumps may not be major consideration!; hut the

larg~ numb~r required does effect experimental and analytical

equipment plac~ro~nt corisiderations.

T 11 e r.cis a dis t ribute d p u mpin g t e c h n i q II e a va i I a b 1 (~ whieh :
~-..

1.. is not affected by the magnetic cycle of the bending magnets

2. will provide a minimum of four (4) tiilies the hydrogen

pumping speed of the proposed appendage ion. pumps

3.. will require no power du ring pumping a fter the s t. r j p is

activated

4. will provide the heat source for bakeout

5. is easily replaceable

6. ~can be purchased, installed~ and operated at a generous

economic advantage over the presently proposed ion pumped

system
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The pumping technique referred to is non-evaporable gettering

with STI0l Zr/Al pumping strip. A technical descr{ptioo of this

pumping strip is given on Data Sheet 1 and 2 attached to this

report.

(

Propertie~ of Zr/AI (Data Sheets 1 nnd 2) (Ref 1 2 d· 3).... • ) ) an

(of current through the strip.

5TI01 Zr/AI strip is a getter-coate~ strip obtained by

deposition of a non-evaporable getter material ooto'a metal

support either magnetic (Fe) or a non-magnetic (constantan). -The

getter material is an alloy) 84% Zr and 16% Al in powder form)

with a surface area of about 0.16 M2 /g. The getter material

forms thermally stable chemical compounds with the majority of

the active gases (02) NZ ) CO) COZ) and HZO» while thesorpti6n

. of the HZ is thermally reversible. If large quantities of. gases

producing stable compounds are to be pumped) the Zr/AI getter is

operated at a temperature. The optimum operating temperature of

the gett~r 'is ~OOoC if these gases must be pumped at pressures
. (

above 1 x 10-7 Torr. Lower temperatures are sufficient at lower

pressures and HZ can be easily pumped at room temperature at

pressures below 1 x 10- 8 Torr. Total capacity for the heavy

.active gases is about 0.6 Torr t per cm2 of strip. For HZ the

absorption of larger quantities produces embrittlement. Below

this limit "Z can always be redesorbed by heating.

An essential requirement before efficient operation can be

expected from the getter is activation of its pumping surface.

This is done by diffusion of the saturated surface layer into the

bulk of the material through heating the strip to ~700oC for

about 45 minutes. The heating also reduces the H.Z cont.ent in the

getter whenev~rthe HZ dissociation pressure of the getter

exceeds the 112 pressure in the vicuum system. After

regeneration~ the gettering action depends on the amounts and

mol~cular species of the gases which are pumped. Heating) for

both the activati.on p.rocess and operation) 5.s by direct passage
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STI01 Zr/Al pumping strip has a pumping speed of about
-1 -2 . 1

1s em for H2 o In the presence of a 30 1 sec- sputter-ion

pump it can maintain this pumping speed and repeat~dly produce

pressures in the low 10- 10 Pa region (Ref. i). Valves quoted for

higher pressure operation indicate that this non-evaporable

getter can maintain its pumping speed independent of pressure.

Afte~ 30 exposures to air (at room temperature) there is a

50% reduction of the H2 pumping speed (Ref. 3). If dry N2 is

used. instead of air) pumping speed reduction after the same

number of exposures appears to be very small. This is shown in

Fig. 1. A further improvement can be obtained when Argon is used

as a protective gas.

After each exposure (which must take place at room

temperature») reactivation of the ~trip is necessary following

pumpdowno The strip must be heated to approximately 700°C in a

va~uum of Ix 10- 5 Torr or better for 45 minutes to properly

activate it. Result of thermal cycling tests (Ref. 4) sbow that

when cycling between 75°C and 700oC~ mor~ thDn 250 cycles were

possible before any sign of initial peel off of Zr/AI was

evi den t. Reduci.ng the range from 700 0 e to 600 0 e ra i s ed the

number of cycles possible to ~800.

Tests at Argonne National Laboratory and elsewhere have

shO\vn "that these Zr/Al pumping strips can be held at their

activating temperatures for periods of at least 36 hours without

any detrimental effects to their pumping ability. Such findings

permit using the Zr/Al strip not only as a source of pu~ping but

also·as a source of heat for baking the vacuum chamber.

Figures 2) 3, 4) and 5 prepared by McDonnel Douglas (Ref. 5)

reflect the ability of the pumping strip as a Iteating source and

the effect of the heat on the bending magnets. Exp~rimen~s on

tIte test system (Fig~ 6) indicate that bake out temperature of

~350oG) using tIle Zr/AI str5.p as a Ileater, can be reached in less

cooldown to room temperature

than 5 hours. Total time for pumpdown) through bakeout and

is ~48 hours. Pumpdown and pumping
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during the bakeout cycle is accomplished with a trapped (

turbomolecular pumping station. Two 201 {sec baked ion pumps>

positioned as shown in Fig. 6 are activated ~2 hours before all

baking is discontinued. The tubomolecular pumping station is

isolated from the system after no appreciable pressure rise is

experienced when the isolation ~alve is closed momentarily.

After cooldown the base pressure of the "test system (Fig. 6)

is between 1 and 2 x 10- 10 Torr. No pu~ping strip was installed

in the straight ~ection during the tests so far. Baking of the

straight section was done with external heating tapes. With no

pumping in the straight section> gauges installed in th~ center

of the cur.ved and straight secti.on differed by less than a 'factor.

of 2. The base" press"ures cited here could be improved by.better

ireconditioning of the system and more precautions during

assembly. The test chambers a~ used were electropolished but had

been eXPQse~ for weeks to shop environment before beini wiped

with'hn acethne dampened cloth and assembled in the same shop (

e n vir 0 n m"e n t •

Precooler Va~uum System Design:

-Approximately 3.8 meter long Zr/AI pumping strips

,distributed e~ually around the Precoolcr with about two meter

gaps between them would provide ~bout 320 linear meters of

pu~ping. Based on pumping from one side of the strip only and at

a speed of one liter pe~ second per square centimeter> a minimum

of~lOO>OOO liters of pumping speed for hydrogen will be

available. Pumping from the bottom side of the itrip is not

considered because of its close proximity to the wall and

therefore limited conductance. The Zr/Al pumping strips will be

distributed within the dipole magnet vacuum chamber as shown in

Fig. 7. No pumping strips ~re planned for tllC quadrupole,

r~8ioris. A 30 lsec- 1 ion pump will be mounted between each pair

of quadrupoles. It is {lnticipated that at: "least 1'. met"ers of \.

pumping strip \oli11 be perr.litted in each 19 meter long straight

section with the appropriate complement of ion pumping (one 30 t

~ec-l ion pump for approxim~tcly each l~ meters of pumping strip).
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Since the pumping strip must be heated to ~7000C to activate

it) and for baking) and since this is done by running current

t 11 r 0 ugh 5, t) the s t rip i sins u 1 ate d fro ill g r 0 u n d 1/ I~ " x 1/ I, " x 2 It

long Hacor ceramic insulators placed 'every 5 cm along its length.

Both edges .of the pumping stri'p are held to the insulator by

stainless steel binding head screHS (Fig. 7). The ends of the

strips are mounted to leak tight feedthrough capable of haking to·

1150 0 C.

If all regions of the vacuum chamber are baked un{formally

at about 350 0 c and assuming an outgassing rate of 1 x 10- 12 Torr!

sec- 1 cm-2~ an average bnse pressure of ~3 x 10-- 11 Torr is

achievable. Since) however) there are no pumping strips in the

quadrupole regions and therefore no baking) average base pressure

will be a decade higher. This average pressure will still be

well beloH the design requirements.

The vacuum chamber components for the Precooler would be

joined together by ,,;·.~lding" The required ion pmnps \-10\11d also be

m0 un ted in top 0 sit ion by we 1 din g • The fee d t h r 0 \1 g h P (ll." t s for the

Zr/~l strips however would have conflat flanges for ease of

accessibility and installation of the pumping strip. The pumping

strips would be pulled into position through the feed through

ports with the aid of a wire puller commonly used to pull

electrical wiring through conduit. One end of the pumping strip

can be attached to the feedthrough and the feedthrough i.n tu~n

can be 'mounted to the port (Fig. 8). The feedthro\lgh on the

other end would have a bellows. By compressing the bellows as

shown in Fig. 8) the other end of the pumping strip can he

attached. Once the feedthrour,h is mounted) slack in the pumping

,,.

strip can be taken up by expanding and straightening the bellows

by use of the expander bolts. Installation or replacement time

of a pumping strip should take approximately 1-1/2 to 2 hours.

This of course is in addition to the conditioning time to return

the system to its operating pressure.
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Based on the assumption that one will be able to isolate the

Precooler ring into four quadrants. the electrical load for the (

Zr/Al strips will be powered from four points. one in each

quadrant. Each quadrant will have twenty-one 3.8 meter gettering

strips) spaced approximately 1.85 meters apart and connected into

3 series groups. Each gettering strip will be brought out of the

vacuum. system on vacuum feed-throughs and interconnection will be

made outside the vacuum system. The power required per ~uadrant

is 57)344 watts or ~8V) 89.6 A per meter of gettering strip~

Maximum voltage to ground from the gettering stri~s will be 132V.

The power equipment and circuit fo power the gett~ring strips for

tl,.e P recooler. a s de signa ted by Don HcGhee f 1.~0t:l ANI.) are ou t Ii ned

in Fig. 9.

Data Sheet 3 is a comparison cost' summary of an ion pumped

system and a combination Zr/Al-ion pumped system. Installation

costs are not included in these figures. It is estimated.

hOvlever) that the additional /10 ports require.d and' the mounting

of 'the STIOl pumping strips to the ceramic standoffs) \-lill cause (

installation costs for System I to run approximately $7500 higher

than for System II (See Data Sheet 3). Should additional· chamber

width be required to avoid interference between the beam and t.he

pumping strip. material cos~s for the chamhers will' increase by

about 20%. Increased 'gas load from the additional 'surface area

however will be adequately bandIed by the ~50.000 ~/sec

effective pumping speed from the bottom side of the pumping

st~ip. This available speed;was not included in.the,IOO.OOO!

Ise~ hydrogen pumping speed 'figure given earlier in this' paper.

R~search and development to date ha~ confirmed the majority

of the data given above. Future development must inclu~e the

testing and evaluation rif mounting. installation. and replacement

techniques compatible to Precooler design.
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SUBSTRATE MATERIAL

OPERATING CONDITIONS

GETTEHING M/.TERIAL

NOMINAL rUICKNESS OF COATED
HATEH!AL

D1 H!~NSI ONS OF THE STRIP

QUANTITY OF GETTERING,
MATERIAL COATED ONTO
THE SUBSTRATE

SUGCESTED ACTIVATION
CONDITIONS

- NOMHlAL, THICKNESS Of

'SUHSTRATE

.... .. ... .......... :
I.

.... ° ..... ••

("') clnbrittlcrncnt limit at 20°C~ H2 is 8o;bod in it re~er:a~i,l.e.~aY nccordin~
to the equilib;'iu~ law loU P (tor.r)."'-4.4 +'~ i.. O!l·~.(l tOl~rl' .'.- 7000· .

.- ".. .. " grStIO : 711IT
• • ... • :. ... 0'" ...

.... ... ..,

GETTEHING CHARACTERISTICS: ---.----- .
CO N2 °2

.
liZ.- -WO°.C)

. , .purnpioR speed Cat
1.1 0.2 2.3 1.4'2(l/ficc em ) · .

,
capacity (after several . . \'.

O~O6 O.21!)· 0.3 0.55'
re&cti~ntions)(ltorr/cm2) . ,

.. .
·

·. . . .

.. . . ... :
700"( . ·~OO°C 200"C. .· .

POh"Elt
.

~ . 55 (A) .990 225· .
(wntt/~etcr) , .

(b). 1810 " 410 100

CUnHENT A 110 53 . 26 . (a)

(DC or AC) 150. 7')... 35 (b).. ... .

'- APPHOXIHATE EI.f:CTIUC

. I>AHA~ETERS FOR ACTIVATION
. Ar~il OPEHATION

(A) wi th 't rc fl ector fllci ng

one side
(L) ill the 11'CC spnce

Cfrm:H l'I\YSJ CAl. CHi\ltACTEHl STJ CS

:
" .

, .
~\:.

.. .. .... ..

. ;- ° 0·"

(
. ,
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DATA SHEET NO.3

VACUUM SYSTEM CO~WARISON COST SU~~~RY

(

System I

Zr/AI-Ion Pumped System
System II

Ion Pumped System

1. 200-60 t/sec ion pumps,power
supplies and_ cables

.~ " -
2. 320 meters 'Zr/Al strip '72.eI()/md~,.

3. 80-30 t/sec ion pumps, power
supplies and cables

4. Vacuum chamber, bellows and
_parts

5. Valves

6. Heaters and Insulation

7. High temperature. degassing

8. Instrumentation

9. Roughing,stations

10. 160 feed through ports for Zr/Al

11. 160 feedthroughs for Zr/Al

12. 80 a?ditional'bellows for Zr/Al

13. Insulators for Zr/Al strips
.-

llf. 'Pmoler supplies and parts for ZrI Al
assembly

15. Miscellaneous, stands, ceramic
insulators, parts

Total

$ 23,000

- 125,000

156,000

42,000

30,000

36,000*

21, ,000

36,000

32,000

21, ,000

20,000

20,000

20,000

30,000

~618,000

. 60,000

- 36-,000 ;

36,000

-2.Q..,OOO

$828,000

(

*Optional--Required base pressure can be achieved Hithollt it



hZ P~~ping Speed per Unit Area of a Wafer Getter P~nel Surface Versus the N~~ers of Exposures to
7GO Torr of Nz (Purity: Research Grade) after Activation and Cooling to Room Temperature.
Activation: 7000 C x 45' - Sorption at 4000 C and 1.3 x 10- 3 Pa (1.10-~ Torr)
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. Elliptical (3 cm minor radius, 8 em major \
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1 Each layer is 1/8 inch. . _---- ~'.
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