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Abstract steamduct is fixed onthe collector (1 MW tube). The
latter ensures the constant dip in water of the collector tip.
To bring out a full performance of high power Kklystron, it In the acceptancaest, a full beamreduced drive

is essential to keep the operational environment always dferation isperformed to checkhe collector dissipation

a goodcondition. Controlling thejuality of water is in gp0ve 900 kW for 5nin (1 MW tube)and 1200 kW for
particular themost important both tgrevent corrosion 15 min (1.2 MW tube). Due to degradation, however
and to get the larger collector dissipation, the more statg se values are not always maintained On'e ofibst '

body loss and the smaller reflection fronwater loads. . . . : - .
Once the water degradesyarious damagessoon appear: important factor is the water quality. Especially silicon is
’ ¢ the mostdangerousnaterial as it causethe steam skin

vacuum leaks in brazed and/or weldezams; formation o
unwanted compounds; meltdown of teflonviter loads; along the collecto(danger ofLydenfrost phenomenon).
etc. On the othehand, possibility to apply positively Greasegasketsand O-rings containing silicon must be
such severe environmental conditionsaround klystron ~ strictly avoided. A foaming test measuring the
collectors andhigh power rfoutput circuits tomodifying disappearing time of foams after 30 s' shakingfisctive
the quality and the structure of materials is also discussegh check its content easily. Quantitative analysis has been
made, however, imour laboratory byusing ICP-AES
1 INTRODUCTION (Inductively Coupled Plasma - Atomic Emission

In KEKB, high power CWKklystrons of 1 MW (Philips) Spectroscopy). When Rhilips tube,for example,v01,
and 1.2 MW (Toshiba) thathave beendeveloped for died due to coll_ector leak in Decemt¥387, Si wasl.66
TRISTAN are to be used atlatle bit higher frequency, M9/l, about 3 times as large as the allowable level.
508.887 MHz withoutdrastic changes a$pecifications. The conductivity ofwater is anotherimportant
The operating conditions are, however, much neeneere, factor. If it increasedthe Cu collectorcould be eaten
as the higher average power is necesaadthe fasterv, —away bywater. Such a crisis realljame in November
compensation is required not to lose deams when one 1993. Tubeswere troubled in succession: orieaked;
of the klystrons faults. Various improvemehiavebeen another suffered from a water leak abrazedjoint in the
made on both tubes to get characteristics' upgrading [1].PodY cooling circuit;andthe otherhad contamination in
Suchcharacteristics cabe, however, onlyealized the boiler and drastically changed color in the collector.
by keeping operational conditions good, especially those Probably -due —to insufficient rinsing after

of cooling water. Klystronsreinstalled perpendicularly €9eneration of aron exchangemwith hydrochloric acid,
in above-ground galleries. Collectase cooled by vapor the chloride ion (C) content grew up to 305 mg/gbout

cooling methodassisted by circulation dfiot deionized three orders of magnitude larger than normal. Contents of

water. Ours is the largest vapor cooling system in td: Cu, Zn, Siandthe like werealso large. Collectors,

world for klystrons. Bodies are cooled by anotherusua”y coveredwi_th thin black layer of cupric oxide,
deionized water channel and omere channel isdded for CUO: turned reddish-brown and much two-tdgeeen/dark
window cooling in case of1.2 MW tubes. In the test 'd-copper) coloredontaminants, mainly composing of
field the acceptanceest and R&D works are continued €UPTOUS 9X'de' 40, accu'mulated inthe boiler.  The
with a 1.2 MW water load (Nihon Koshuha) thatimled collector tip was coveredwith fresh blue-green crystals

by another independent water circulating system. that were determined to beone kind of verdigris,

CuChL-3Cu(OH), indicating overheating occurred.

2 COLLECTOR DISSIPATION Violent reaction accompanyingome kind ofradicals and
gaseous chlorine must have happened.

The collector of theklystron, made of pure copper, The formation of CyO is probably due to

dissipates theresidual kinetic energy remaining in the
electron beanafterthe final beam-gagnteraction. If its
temperaturancreasedabove the loadindimit, it could

temperature rise on collectoaused by delicatehange of
wetting, i.e., contact angle, mainlydepending on Si.
become irremediabldeformed. To increagbe collector Such anaccident, if happened, is vedangerous as the

dissipation, its outer surface has narrow periodic (1.2 M\xplr;tartnlnantsdprsviul vergoon. Iln thz Crisis IIT 13193’
tube) or biperiodic (1 MW tube) grooves. To stabilize th&° ::‘c ors tag ?' er_?b \(}/ere cdeatne UD't ak N
tube against vibration, a stream-formicginder made of contaminaled water IIboriers and storage tankswere
copper isattachedwith stainless steetpacers(1.2 MW replaced, the |0|exphangere5|n wasrenewed an@bout 3
tube), or someelaboratestainless steel structurealled months were required to resume normal conditions.



3 1.2 MW WATER LOAD

In contrast todeionizedwaters forklystron, the cooling
water for 1.2 MW water load must be lossy and
conductive. In therequencyrange above 1MHz, the
dipole characteristic of water predominatbat the loss
tangentnear500 MHz grows not yet sufficientljarge.
The load becomes objectionabljong and impractical.
Pure water doesnot work unless it iscryogenically

Figure 1 shows dependence of VSWR and
temperature rise of water-outlet-flange kigstron output
power at508.58 MHz. The original conductivity of
deionizedwater inthe tank wad] 3 pS/cm (atd 20°C).
The input water temperature was P35°C andthe flow
rate was 577 I/min at its maximum. As tbenductivity
andtan o dependalso onwater temperatureghe behavior
is not so simple. Superiority of tapater to deionized
one is, however, obvious. AEKB frequency,508.887

cooled: therefore, conductive water is necessary. On i1z, VSWR becomes alittle bit worse than this

other hand un-deionized facility-watetich is commonly
used for, e.g., klystropower supplies,however, can not
be used, either, as it is oftenntaminatedvith iron rust
and mesh-filters are easily blocked in a short time. Salt
stabilized ethylene glycol may be usédt theformer is
corrosive and the concentration of the latter is difficult t
be keptunchanged. For the 1.2 MW-waveguide-type
water load in the test field in KEK we thimveused the
tap water as the absorbent of rf. Merits to usewaiers
are asfollows: stable contents; easiness rehewal; non
poisonous properties; and big absorbing power of rf.
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Figure: 1 VSWR temperaturgise of water-outlet-flange
andleakage rfversus klystron output power. 1.2 MW-
waveguide-type water load was used at 508.58 Mhz.

frequency.

Although this load worked reliably over 9,000 h, the
recentinvestigationshowedthat somearc marks existed
gfound the cylindrical water-outlet-flange and thepléited
brass (BS) was seriously corroded by water. Mashes

ameout of the flange, whichwere determined to be

Ny(CO3)(OH)s:H,O by X-ray diffraction analysis.
Replacement of BS to stainless steel and improvements of
rf shield are now being examined.

4 MATERIAL MODIFICATION UNDER
EXTREME ENVIRONMENT

We havetwo extreme environments peculiar teigh
power CW klystrons: one is that in the highower rf
output; and the other is that in the collector cooling
boiler.

4.1 High Power CW Microwave Output

The highpower rf of 1711.2 MW CW canafford a super
extreme environment from point of view of material
modification. We had an experience of finding a transition
from opaque to transparent grdioundaries in &lystron
window ceramic that was aged by rf fotceng time under
heavymultipactoring conditions. Microwave can excite
plasma in lowpressuregas and make manyreactive
radicals and/or ions in liquid like water. Not only plastics
but also even ceramics could be melted down by its
irradiation only below 30 kW if vapoiinvolving glow
discharge happened. In a case when atype of 1 MW
water loadfrom Titan Beta was testedusing the un-
deionizedfacility-water, dark reddishbrown powder was
collectedfrom a strainer in thevatercircuit. The X-ray
fluorescenceanalysisshowedthat main elements of the
powder were Fe andn. Themarvel wasthat, according

to X-ray powder diffractionanalysis, this irorcame from
the structure F®,, one kind offerrite that is never

produced under normal conditions.

4.2 Boiler to Cool Klystron Collector

The collector of the klystron isnade of OFHC copper,
installed in the boiler and cooled by pure runniwater as
well as latent heat of vaporization. The flow rate is about
80 I/min for 1 MW tube and about 100 I/min for 1.2 MW
tube, respectively. Th&-ray background is verpigh
inside the boiler lead shield. Due to theceleratioreffect
worked onthe out-of phase electrons, thmaximum



energy ofimpinging electronsreachesalmost twice as
much as the beam voltage, about 90 kV.

Whenthe stream-formingylinder was broken, the
spacersmade of stainless steetroppeddown and the
cylinder made ofcopper directly touchednd rubbedwith
groovedouter surface ofthe collector.
the steam flowwere disturbedand overheating and/or
overpressurenust have beemmadelocally, which formed
many reactive radicals inthe boiled water. Théwo-
phases-mixingwater colliding with the brokencylinder

must haveproducedmany supersonic waves, either. Thg

boiled water became vemrosiveand the touchingarea
was seriously thinned down.

According to the X-ray diffraction analysis, Cu,
Cuw,0 and metallic Ag wereletected orthis surface. The
CuO, normallydetected orblack surface ofcollector and
stream-forming cylinder, wascarcelydetectedfrom this
rubbed surface. Wvas just on suclareasthat we found
two interesting material modifications:

1) Silverliquatedout of the collector, wasefined,
and precipitated on rubbed surface obpper. The only
possiblesource isthe brazedpart of the collector that
consists of Ag-Cu alloy. The content of Ag wiasge.
In order to estimate its quantity the surface of shmpled
plate of copper(about 2cmx 1.5cm) wasdissolved in
conc. HNQ to make 20 ml of solution. It waliluted 5

times, measured with ICP-AES, and its signal height wi

comparedwith a standardsample. A semi-quantitative
analysis using ICP-AEShowedthat theaveragecontent
andthe averagethickness of Agwere roughly about 0.2

mg/cn? and200 nm, respectively. This means that th

brazed part of the collector waseaten away during
operation with thedamagedstream-forming cylinder. On

dress scrap metal or ore, and to refine silver;

2) Cu0 is another interesting materiaund on the
periphery ofthe white silver ground. Around this area
large amounts of brilliant red crystals were found,
maximum about 10Qu in size. Some crystalgrow
perpendicularly like bamboo shoots, takingolumnar
structure. Others commonly show the cubetahedron
and dodecahedron.They are transparentand arevarious
shades ofed and afine ruby-red. Some of thentontain
several brilliant red spots in rather dark red crystal
structures, resembling ladybugs in appearance.

According to the X-ray micro diffraction analysis,
these crystalsproved to becuprites whosechemical
structure is CpO. In thediffraction analysis, ondarge
single crystal whose crystal plane was aboutug§0was
selected and irradiated with focusédays (Cu K,), about
30 po in diameterthus only one crystal waselectively
analyzed. The electron beam conditiomgere 45 kV and
250 mA. Thediffraction pattern preciselgoincidedwith
a reference pattern of cuprite (©). How such arystal
structure wadormed is still unclear but attracts much
interest.

The bubbles and
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Figure: 2 A SEM photo of cuprite (g0) singlecrystals
formed on a damaged stream-forming cylinder made of Cu.

5 CONCLUDING REMARKS

Keeping water quality good proved to be very important to
maintain the full performance of high power klystrons and
high power microwavecomponents likewater load. In
case of out-of-control, deionized water could become
harmful and promote corrosion. A small quantity of Si
can degrad¢he collector dissipation seriouslyWater for
e 1.2 MWwater load, orthe otherhand,must bekept
lossy by using tap water instead of deionized water.
Combined with extreme conditions like supewer
microwave, boiled water, steam bubbles and sténgy,
€a reactive tower could bmadeinvolving variousreactive
radicals. In some cases, conditiauaild bemadewhich
very much resembledthose in the mantleand wholly
eu'i?expectedthings could happen: Metallic silver was
separatedrom the brazedcopper,refined andprecipitated;
The verdigris,CuClL-3Cu(OH), wasmade ifthe pH of
the deionized water shifted lower and chloride congeeny
up; Many beautiful ruby-like single crystals of cuprite,
Cu,0O, were maddoth on a collectoand on adamaged
stream-forming cylinderFerrite, FgO,4, wasmade in a

water channel of water load fifie un-deionized watewere
used under high power microwave irradiation.

Suchresearctconcerning material modification has
just been started. Ithe mechanism wasiade clear,
materialscould be modifiedunder extreme environments
intentionally. The highpower klystrons might give a
chance and a place to such applications withilsttirbing
the machine operations.

Thanksare due toNissan Arc, Ltd. foridentifying
the cuprite by X-ray micro diffraction analysis.
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