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PRECOOLER RING VACUUM SYSTEM

John S. lMoenich

Introduction

The precooier vacuum system, as proposed by FNAL, is based
on a suitable modification of the existing Electron Cooling Ring
System. Because of the magnetic cycle of the bending magnets,
distributed ion pumping, as exists in the Electron Cooling Ring,
is not applicable. 1Instead, the proposed pumping will be done
with commexrcial appehéage ion pumps mounted approximately every
two meters around the circumference of the ring. The loss of
effecfive pumﬁing speed and non-uniformity of system pressure
with apéendage pumps may not be majoxr considerations but the
large number required does effect experimental and analytical

equipment placement considerations.

There is a distributed-pumping techhique avallable which:
1. is n;;"affected by the magnetic cycle of the bending magnets
2. will provide a minimum of four (4) times the hydrogen
pumping speed of the proposed appendage ion pumps
3. will require no power during pumping aftex the styip is
activated ' '
4, will provide the heat source for bakeout
5. is easily replaceable
6. ~can be purchased, installed, and operated at a generous
economié advantage over the presently prbpo#ed jon pumped

systen
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The pumping technique referred to is non-evaporable gettering

with ST101 Zr/Al pumping strip. A technical description of this

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

reporxt.

Properties of 7r/A1 (Data Sheets 1 and 2) (Ref. I, 2, and 3)

ST101 Zr/Al strip is a getter-coated strip obtained by
deposition of a non- evaporable getter material onto a metal
support either magnetic (Fe) or a non-magnetic (constantan). The .

getter material is an alloy, 84Z Zr and 16% Al in powder fofm,

_with a surface area of about 0.16 leg. The geéter material

forms thermally stable chemical compounds with the ma jority of

. the active gases (02, NZ’ Cco, COz, and HZO), while the sorption
.of the H, is thermally reversible. If large quantities of gases

~producing stable compounds are to be pumped, the Zx/Al getter is

operated at a température.' Thc optimum operating tomperature of
the getter is 400°C if these gases must be pumped at pressures
above 1 x 1077 Torr. Lower temperatures_ale sufficient at lower
pressures and H2 can be easily pumped at room temperature at
preséures below 1 x 1078 Torx. Total capacity for the heavy

2 of.strip. Yor “2 the
absorption of larger quantities produces embrittlement. Below
this limit “2 can a}ways be redesorbed by heating

An essential requirement before efficient operation can bde
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 thxough heating the strip to =700°C for

about 45 minutes. The heating also reduces the Kz content in the
gétter whenever'thé Hz dissociation'prgssure of the getter
exceeds the H, pressure in the vacuum system. After
regenexration, the gettering action depends on the amounts.and
molecular speciesbof the gases which are ﬁumped. Heating, for
both the activatian process and operation, is by direct passage

cf current through the strip.
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Operating Characteristics of Zf/Al

ST101 Zr/Al pumping strip has a pumping speed of about

"1 cw 2 for Hy. In the presence of a 30 & sec” ) sputter—ion

1 8s
pump it can maintain this pumping speed and repeatedly produce
pressures in the low 10710 p, region (Ref. 1). Valves quoted for

higher pressureioperation indicate that this non—-evaporable

"getter can maintain its punping speed independent of pressure.

After 30 exposures to air (at room temperature) there is a
50% reduction of the H, pumping speed (Ref. 3). 1If dr& N, 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 furthexr 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 strip is necessary following

pumpdown. The strip must be heated to approximately 700°C in a
vacuum of 1 x 1072 Torr or better for A5 minutes to properly
activate it. Result of thermal cycling tests (Ref. &) show that
when cycling between 75°C and 700°C, more than 250 cvcles were
possible before any sign of initial peel off of Zr /Al was
evident. Reducing the vange from 700°C to 600°C raised the

nunber of cycles possible to =800.

Tests at Argonne National Laboratory and elsewherxe have
shown'thatAthese Zy /Al puwmping strips can be held at their
activaﬁing 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 souxce of pumping but

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

Figures 2, 3, 4, and 5 prepared by Mcbonnel Douglas (Ref. 5)
reflect the ability of the pumping strip as a heating source and
the effect of the heat on the bending magnets. Experiments on
the test system (Fig. 6) indicate that bake out temperature of
~3500C, using the Zr/Al strip as a hcater, can be reached in less
than S-hourS. Total time for pumpdown, through bakecout and

cooldown to room tcmperature is =48 hours. Pumpdown and pumping



during the bakecout cycle is accomplished with a trapped . ) \<
turbomolecular pumping station. Two 204 /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 valve is closed womentarily.

After cooldown the base'pressure of theutésp system (Fig. 6)
is between 1 and 2 x 10729 Torr. No punping strxip was installed

in the straight section durxring the tests so far.'.Baking of the

straight section was done with»exﬁernal heating tapes. With no

pumping in the straight section, gauges installed in the center

of the curved and straight section differed by less than a factor

of 2. The base pressures cited here could be improved by better
preconditioning of the system and more precautions during

assembly. The test chanmbers as used were electropolished but had
beeﬁ'eﬁpqsed for weeks to shop environment before being wiped _
with an acetone dampened cloth and assembled in the same shop (

environment.

Precooler Vacuum System Design:

Approxlmately 3.8 meter long Zr /Al pumping strips

distributed equally around the Precooler with about two metcr

gaps between them would prov1de about 320 lineaxr meters of

pumping. Based on-pumping from one side of the strip only and at

- a speed of one liter peX second per square centimeter, a minimum

of ~100,000 liters of pumping speed for hydrogen will be
avhilable;' Pumping from the bottom side of the strip is not
considered because of its close proximity to the wall and
theréfore 1imited conductance. The Zr/Al pumping strips will be
distributed within the dlpole magnet vacuum chamber as shown in
Fig. 7. No pumping strlps axe planned for the quadrupole

regions. A 30 £sec” =1 50n punp will be mounted between cach paivr

' of gquadrupales. 1t is anticipated that at least 14 neters of (

pumplng strip will be permitted in cach 19 metexr long straight
scction with the approprlatc complement of ion pumping (one 30 % |

écc”l ion pump for approximatcly each 4 meters of pumping strip).
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Since the pumping strip must be heated to=700°C to activate
it, and for baking, and since this is done by running current
thrxough jit, the strxip is insulated from ground 1/4" x 1/4" x 2%
long Macor ceramic insulators placed every 5 cm along its length.
Both edges of the puwmping strip are held to the insulator by
stainless steel binding head screws (Fig. 7). The ends of the

strips are mounted to leak tight feedthrough capable of baking to

450°C.

If all regioné of the vacuum chamber are baked uniformally
at about 350°C and assuming an outgassing rate of 1 x 10—12 Tofrz
sec” ! cm*z, an average base pressure of =3 x 1071 worr 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 pressuré will still be

well below the design requirements.

The vacuum chamber components for the Precooler would be
joined togethexr by wolding. The required jon pumps would also be
mounted into position by welding. The feecdthrough ports for the
Zr/L1l strips however wogld have conflat flanges for easc of
acceésibility and installation of the pumping strip. The pumping
strips would be pulled into position through the feedthrough
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 3in turn
can be mounted to the'port (Fig. 8). The feedthrough 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 be
attached. Once the feedthrough is mounted, slack in the pumping
strip can be taken up by expanding and straightcning thé bellows
by use'of the expander bolts. Installation orxr replacement time
of a pumping strip should take appfoximatcly 1-1/2 to 2 hours.
This of course is in addition to the conditioning tiwme to return

the system to its operating pressurc.




Based on the assumbtion that oee 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 greups.- Each gettering strip will be brought out of'the
vacuum system oﬁ vacuumAfeed—throughs and intercoﬁnection will be
made_outside the VaCnum'system. The powver required perx énadrant
is 57,344 watts or =8V, 89.6 A per meter of getterlng strip.. )
Maximum voltage to ground from the getterlng strlps will be 132V.
The power equlpment and circuit to powver the gettering strlps for
the Precooler, ‘as de51gnated by Don McGhee from ANL, are outlxned
in Flg. 9.. .-_. . ) : _ . - . _. L

Dafa-Sheet 3‘is a comperison cost'suﬁmary:of-ah ion pumped'
system and a combination Zr/Al-ion punped system. Installation’
costs ere not included in these figures. Yt is estimated,
however, that the additional 40 ports required and the mounting
of.the ST101 ?umping strips to the ceramic standoffs, will cause
1nstallat10n costs for Systcm I to run approximately $7)OO hlgher
than for System 1T (See Data Sheet 3). Should addlLlonal-chamber
w1dth be requlred to avoid 1nterfercnce between the beam and the
pumping strip, materlal costs foxr the chambex will increase by
about 20%Z. ‘Increased ‘gas load from the addltloeal'eurfaee area
however will be~adequate1y'handled by the =50,000 g£/sec
effective puﬁping.speed from the bottom side of the pumping
stfip;‘ This availabie speed was not included in the 100,000¢

/sec hydrogen pumplng speed flgure glven ealller in thls paper.

Research and development to date has conflrmed Lhe ma jority
of the data glven above.' Future deveclopment nust include the
testlng and evaluatlon of mounting, installation, and replacement

technlques compat1b1e to Precoolerx design.
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'DATA SHEET NO. 1 - R .1‘. L e

TECH ANICAL  DESCRIPTION .OF . St 707 - STRIP
TYPE Sz‘?O]/(‘TAM/BOD e b

A e A kit e e e L —
T o= .. BRI Yy by -

. . ." ° . .' . . ..
. . '..‘ O : o -
- SUBSTRAT;AMQTEglAL ' Constnntuu (ant1~nnynct1c alloy 55* Cu - 45% Nl)
~ GETTERING MATERIAL ° . St101(R)a110y (84% Zr — 16% Al) ... gy s
~ HOMINAL - THICKNESS OF . . 6 ) S e :J' e
SUBSTRATE - R O R S
~ NOMINAL THICKMESS OF COATED 0.0Tm op et i
~ QUANTITY OF'GETTERING_f' R IR KT UL PR RN
. MATERIAL CGATED ONTO . . . about 28m3/cn2 P R A
THE SUBSTRATE -~ <~ - - . = _‘@:',-_ﬁ.=fﬂ Yee e S
~ DIMENSIONS OF THE STRIP | koo the’ nttached drdwing ' -
- SUGGESTED ACTIVATION - : e L
coNpiTIONS - .’790°C for.As_min”u"d¢P:Vé0uum S oo
. L . * M . e .- . * ) \
— OPERATING CONDITIONS in the ranoc 202 400 ¢ '
- .. L. - . . . ,’. . .= O : - T.
~ GETTERING CHARACTERISTICS: ’ - T
. co . N o S H
2 2 2
pumping Spccd {at 400°C) . T
1.1 0.2 2.3 1.4
{1/sec cm2) . . . d
1 . T .. y Ja . . . .
capacity (after severa oy 0.06 0.215] 0.3}, 0.559 .
reactivations){1ltorr/cn?) R :
(*) embrittlement limit at 20°C. Hz is sorbed in a rCVchLblc way nccordino 5 ’
to thc cqu111br1um law log P (torr)u 4.4 + 2 Iog q (1 torry "~ 7000 - :
R _ , . ST:TU + 5K}
. - o =771} 700°q 400°c| 200°C . )
~ APPROXIMATE ELECTRIC i [ rown T o —
" PARAMETERS FOR ACTXVATION : .1 "990 | 225. 55 . (a)]- .
e (vatt/meter) |
AlD OPERATION . 1810 -] 410 100~ (b)
el ‘ flector faci CURRENT A 110 53 -1 26 (a)
(a) with u reflector facing (DC or AC) 150.°1 72 | 35 (b
one side o -
{b) in the frec space . : LT T :
~ OTHER PFHYSICAL CHARACTERISTICS R .
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DATA SHEET NO. 3

VACUUM SYSTEM COMPARISON COST SUMMARY

System X i . System II

Zx/Al-Ion Pumped System YTon Pumped System
1 200-60 %/sec ion pumps,power : - : . o : S
suppllee and cables L e ’ L C . $444,000

320 meters Ar/Al strip J""7,2 oo/cncyg, $ 23,000

80 30 Rlsec ion pumps, power —

, supplles and cables o - © 125,000
Vacuum chamber bellows and v | v - | ) . -

_ paxts : S 156,000 - D '156 000
Valves - . . i a0 oL 42, oooA
Heatefs a#ﬂ Iﬁsuiagiéﬁ ‘_: ‘ : - ':. 30,000 ;; - _.‘ | 60 000 _
High £emperaturéi&egassihg , ' - 36,b00* | ' 7 -.f ;36;000 ’;'
Instfuméntatibn i": | S 24,000 g - '  | 24,000 |
ﬁonghing(stations o ’ ' 36,000 . .. ":i 36,000
160 feedtﬁréugh'borts for Zr/Al 32,000 -

160 feedthroughs~for Zr/AL . | _ 26,600‘ "A
80 additional bellows for zr/al 20,00.0_"~
Insulators‘fgf Zr/Al strips ;: B ‘ f: 20,000
Power supplles and parts for Zr /Al - | ;

assembly - ) . . . '20,000
Miscellaneous, stands;.ceramic ' :. T A ) -
insulators, parts . ' 30,000 | . ~—§9%299

R Tﬁtal | © $618,000 B $sz$;ooo'

AOptiona1~Required base pressure can be achieved without it
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h, Pumping Specd per Unit Area of a Wafer Getter Panel Surface Versus the Numbers of Exposures to

760 Torr of N, (Purity: Rescarch Grade) afger Activation and Cooling to Room Temperature.
Activation: 700° C % 45' - Sorption at 400° C and 1.3 X 107° Pa (1.107° Torr)

=)

o
~-

t

B Y —~

|
‘

L1/ Sel

- ~

e

>y

WOf///”’wﬁ\‘f\\\;\;

iy

~3

i 2 U

20 30 | 40

n® EXPCSURES TO Ny

FlG. |



o
Vacuum Wall Temperature ( C)

L Sy 1o

400

650° ¢

300

600° C

200

100

Time {Hour)

Fig. 2. Time to Reach Bakeout Temperature for Various
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125" Wall X 8" OD Tubing 105&/ft.
1/4" Min~X Insulation
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Zr/Al Pumping Strip

urbo Molecular
‘umping Station

T 2250

© Elliptical (3 cm minor radius, 8 cm major
.radius) formed from 5" sch. 40, 304 S.S.
seamless pipe, Pipe covered with 2 layers
of Tiberfrax paper, 970 Scries, Grade 970JH.
Each layer is 1/8 inch,

e |
ST~ 2.5m e S s e e :
o LT~ cage Port :
304 S.S. Seamless T———ee 3.6 ' e T
5" Sen. 40 Pipe . SR | |
20 Y/sec : : : o 20 &/sec
o Ion Pump -~ _ - Ion Pump
' L_.Same insulation as on '
elliptical pipe .
Fig. 6  Test System .
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