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.Summary

The ultrahigh vacuum svstem of the intersecting
storage accelerator, ISABELLE, will comsist of two in-
terlaced rings of stainless steel beam tubes with a
circumference 2% miles each. To obtain a good heat con-
duction during bakeout and to reduce the resistive wall
instability during beam operation, a lum thick copper
coating will be electroplated to the outer surface of
this 1.5mm thick beam tube. To minimize the beam loss
due to beam-gas collision, :heliressure inside the beam
tube is required to be 1 x 107 Torr (N, equivalent)
or less. To achieve this ultrahigh vacuiim, the outgas-
sing rate of the JQiaLN stainless steel tubes has been
reduced to ~1 x 10 Torr+¢/cm” sec by vacuum firing
at 2507C for one hour. However, during acid-bath
alectroplating of copper, significant amount of hydro-
gen will be reincroduced and trapped in stainless steel
which will j&?stantiallv,increase tl.e outzassing rate
{to v2 x 10 Torr: ! /em* sec). The outgassing char-
acterisctics of these copper-plated beam tubes are stud-
led and discussed within the scope of diffusion and en-
ergy of activacion. Methods to redugf3the outgasging
rate to an acceptable level (~1 x 10 "“Torr -R/cm” -sec)
ara also given.

Introducrion

The Intersecting Storage Accelerator, ISABELLE,
currentlv under construction at Brookhaven Natiomal
Laboracorv, consists of two rings having a circumfer-
ence of 3.8 Xm each. To provide a very clean environ-
ment for the circulating proton beam, the-ultranigh
vacuum (UHV) svstem of ISABELLE is.designed to operate
at an average oressure of 1 x 10 “torr (¥, equivalent)
This UHV svstem consists of ~1400 8,8 cm diameter, 5.5m
long stainless stzel beam tubes pumped by a combination
of titanium sublimation pumps (~1000 i/sec each) and
sputter i~n pumps (%20 l/gec each).The choice of 304 LN
stainless steel as beam tube material as well as the
need of cooper sleeve on the outer sErface of beam
tubes has been described previously.

The ultimate pressure achievabie ingide such long
tubes will depend on the pumping speeds of the lon pump
and Ti sublimator, the conductance of the tubes and the
outzassing rate of the beam tube material. The first
=w0 paramecers are governed bv the design of the other
wstems (superconducting magnets, cryogenics, etc.).

The ocutgassing rate of the beam tubes should, therefcre
be lowered as much ag possible. The outgassigg rate of
wacuum-Fired (at 950°C wich pressure <1 x 10 Torr_fgr
1 hour) 304,LN sgiinless steel beam tube is A1 x 10
Torr-1 'cm “-sec - (Ref 3) which is acceptable.

The enormous force“ gererated on the copper slaeve
during the quench of superconducting magnets limits the
method of cooper coating to electroplating. Signifi-
cart amount of hvdrogen will be reintroduced into stain-
12s3 steel during electroplating. This trapped hydro-
zen will later diffuse through stainless steel inte
“HV svstem and substantially insrease the outgassing
rate.

This paper describes the measurements of the out-
zassing rate of several gtainless steel tubes with and
withour electroplated copper on the outer surface. Tha
effects of heat treatment are 1lso discussed within the
scope of diffusion, and 2nergy of activation.
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II, Maagurements

The setup used in our study of the outgassing rate
of the sample tubes is shown schematically in Fig. 1.
Sample tube with one end sealed was attached through
the bakeable valve to the monitoring chamber which was
separated from the pumping station (with a pumping
speed V1000 2/sec for hydrogen) by a copper gasket hav-
ing an 8mm diameter orifice. A Bayard-dlpert :vgflion—
ization guage (with x-ray limit lz2ss than 1 x 10
Torr) was used to measure the oressure inside the mon-
itoring chamber.
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Figure 1 : Experimental setup for outgassing measura=-
Jents. A. - sample tube; V. - bakeable valve:; Ba. -
Bavard Alpert twvpe ionization gauge: C. - orifice:

T. - Titanium sublimator; S. - sputter Lon oump:

P. - Turbomolecular pump.

The calibrated conductance me:hods'4 which mea-
sures the gas flow across the orifice was used in our
study to obtain the cutgassing rate Q of the sample
tube. Q can be e§aressg§ as

0(Torr-2 e¢m+~ sec ) = C x AP/A
where A is the total inmer surface area of the sample
tube, AP is the change of the pressure inside tha xzcn-
itcring chamber between open and close of the bakeailis
valve, and C is the conductance of the orifice. A
value of 20 !/sec for C was used in our calcularien
since >93% of the outgzassed species was found o be
hvdrogen'" .The surface area A of each sample tube was
~7600 ca” (3.8 <= O9.D., 1.5 mm wall and 2.75 = long).
The background pressure of the monitorine chamber with
bakeable walve close was <3 x 10 “* Torr wyhich en-
surgd that,sutgagsing ratas down %0 1 x 0~ Torr- i¢

cn T - sez T were detacrable.
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Table I COutgassing rates Q of the samp

~/

le tubes* after gequential bakeouts

Sequential Bakeout Outgassing Rate {(Torr"’ & ° cn-z‘sec‘l)
Cangitions

Temp. (°C) Duratiou (hr.) A B cl c2 c3 cs4 D
300 2 1073 2510712 351072 2xa07l2 21082 2x10712
300 70 2210713 1a0?? ex1071? rx107'3 1a07l? peao7l?
500 24 0™ 110713 20071 ax107!* 310713

%304 LN stainless steel tubes 3.5" o D., 0.060" wall, 9' long with the following treatments:

Sample A: vacuum fired at 950°C for ome hour at a P
Sample B: unfired

Samples Cl-Ci:

Sample D: unfired; electroplated as Samples Cl-C4.

ressure less than 1 x 10  'Torr.

Q
vacuum fired at 350 C for one hour; electroplated with 1 mm thick copper on the outer surface

After chemically cleaning, some samnle tubes were
vacuum fired (at <1 x 10 torr and at 950°C for 1 hr),
sealed then electroplated with “lmm thick copper, while
others were elther electroplated or vacuum fired.

These sample tubes were then mounted on the test setuo
for outgassing measurements.

Afce. che sample tubes had been baked out at either
300°C or 500°C for desired periods of time, the outgass-
ing rates were determined uging the calihrated conduct-
anze method described above. The bakeout conditions as
well as the obtained outgagsing rate for these sample
tubes are listed in Table I. To understand the origin
and the mechanism of the outgassing, measurements were
also made at elevated zemperatures. The results werc
olotzed out in Figure 2 as a function of temperature.
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Figure 2: Ou:gassi1g race of the stainless steel tubes

as a function ¢f che temperature.

II1. Tesults aud Discussion

aftar the ianitial 24 ar. bakeour at 400 2, the
°“t33551§§ rate of the vacpum fired cube {sample 1) was
~lx 10 227" sec = which is consistent with

;orr'l-~f
Ve gigmificant dacrease in out-

zrevious studies”

The
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gassine rate was ot ierved after further bakeouts.
vacuum-fired electroclated tubes (samplgs Cl-C4)
shoufd outgassing rates around Zx 10 “Torr. f.cm
sec ~ after the initial bakeout, These were significant-~
1y higher than those of the unplated tubes (i.e. sample
A). The outgassing rates of the plated tubes were re-
duced about one half after consecutive bakeou:isa: 190°c,
A redugtion 9{ the outgassing rate to ~1 ¥ 10 Torr.
i, cm . sec {the acceptable outgassing rate for
ISABELLE beam tube) was achieved only after a 24 hr.
bakeout at 500°C.

The outgausing rates of two unfired tubes were
also studied. The electroplated tube (sample D) had
outgassing rates similar to those of the vacuum fired
then electroplated tubes. After the initial bakeout,
the outgassing rate of the unfired tube {sample B)
was consistent with that reported, iy Halama ' _however
it dropped off rapidly to 2 x 10 Torr.2.ca ~.sec
after the second 300°C 70 hour bakeout. More measure-
merts on other unfired and unplated tubes are in pro-
gress to verify these results.

The rate con:rolling step and mechanism of the out-
gassing from stainless steel tubes (either vacuum fired
or not, and either electroplated or not) can be under-
stood qualitatively from the heat of diffusion (AE) of
hvdrogen which is the only diffusable gas inside the
bulk of the stainless steel. By plotting the outgass~
ing rate as a function of temperature, as shown in
figure 2, the heats of diffusion AE can be calculated
from the slopes of the cutvgsaiccording to

Q = Qoe 1
where R 1s the gas constant (1.99 cal: :X™%y. The measured
AE values for both the electroplated :ube (sampla C7)
and the bare stainless steel tube (sample A) are 1%

1 Kcal/mole. This similarity in heat of diffusion sug-
gests that the rate determining step ia both tubes is
the diffusion of aydrogen through stainless steel and
the presence of the electrbplated copper has little in-
fluence.

The measured AE values for the two unfired tubes
(samples B and D) are several Xcal/mole lower than
those of the vacuum fired tubes: at lawer temperatura
(T<160 C) the measurad AE values for these two tubes
also decrease somewhat. These varifations in heat of
diffusion with temperature and between vaccum fired
tubes and unfired tubes can be explained qualitatively
on the basis of lattice diffusion and grain boundary
diffusion §phase boundary diffusion).

Barrer' classified the diffusion of gases (especial-
ly hydrogen) in metal into two major categories: the
lattice diffusion and the grain boundary diffusion.

The acctivation energy requirad for grain boundary dif-
fusion 1is less than that of lattice dirffusion, there-
fore, at lower temperature the grain boundary diffusion
srocess occurs auch more rapidly than lattice diffusion.
The vacuum £iring grocess and high temperature Yakeout
anneal the stainless stael, and enhance the .rowtw ~%
she crysctallites in the scainless scteel wrio:



lowers the amount of grain boundary diffusion. The

alopes of curves in Figure 2 suggest that the lattice

diffusion process dominates the vacuum fired tubes

while the unfired tubes contain a mixture of latctice

diffusion and grain boundary diffusion with grain bound~
. ary diffusion dominating at lower temperatures.

IV, Conclusion
The vacuum fired s:aigisss steel tg&es hgze an
outgassing rate of vl x 10 Torr“¢-cm “-sec = which

can meet the pressure requirement of the ISABELLE UHV
svstem, therefore, can be used as the ISABELLE beam
tubes. The additional hydrogen entrapped iato stain-
less steel during the electroplating of copper raises
the ousiissing rate_af the,stainles steel tube to
+2 x10 Torr*2-cm s8¢ - By baking-out at higher
temperature (i.e. 500 C for 24 hours), the outgasgigg
rate could,be ngered to acceptable level (1 x 10
Torr*l.cm “"sec )

The origin and mechanism of outgassing can be
¢lagaified as either lattice diffusion or grain bound-

ary diffusion or a mixture of both. The lattice dif-
fusion process is the dominant process in vacuum fired
tubes, while the diffusion process of the unfired
tubes contains the mixture of the lattice and the
grain boundary. .13
With_in exETCtEd outgassing rate of ~1 x 10
Torr-¢-cm ~*sec ~ for the ISABELLE beam tubes (after
electroplating and high temperature bakeout), the
achievgble pressure inside the beam tubes can be est~
inated” according to .
B(x) = Po + GlF + JL - D]

Where Po = the pressure at pumping statiom (v§5 x 10
Torr) -13 -2, -1)
o] outgassing rate (1 x 10 Torr-!-cm “‘sec
L = one~half the distance between pumping sta-
tion (275 em)
S = pum in§ speed at pumping station (10002/sec
=10"cm™ /sec)
distance from pumping station (xsL at center
of beam tube) N
C = conductange 9f beam tube per unit lecgth
(3.1 x 10’ cm"/sec)
The pressure halfway between pumping §E§:ions
(higher pressure bump) will be Po+ % x 10 Torr.
and the averaged,oressure inside the beam tubes will
be Po + 3 x 10 Torr.
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