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FABRICATIONOF IXE 320-CM-G) ALL-CF.RAMCZT40 TORL!S

W. E. ElAuTN, R. D. BIAtW, H. L. RUTZ, sod J. M. DICKLWON*

University of California, Los IUamos ScientificLaboratory, Los ALamos, New Mexico 87545, USA

,

The fabrication of t!le ZT-40 torus, ● large complex all-ceramic toroidal plasma containment
vessel, is described. Several glass sealants covering the temperature range of 500 to 13i)0°C,
wer~ develaped and used to “braze” segments of the torus together, sapphire windows to the torus
and the required pump-out and diagnostic parts to the ceramic vacuum vessel. Designs of window
meals were developed that allowed sealing of the ●apphlre windows in a vertical position with
minicum sealing glass flow.



FABRICATION OP TNE 320-CWOD ALL-CEWC ZT-40 TORUS

U. C. liAUTN, R. D. BLAKE, If. L. RUTZ, ●nd J. H. DICKINSON*

University of Callfornla, Loo Al~oB Scientific Laboratory, Las Alarms, New Mexico 87545, USA

The fabrication of the ZT-40 toru6, a larse complex all-ceramic toroidal plasma containment
vessel, la described. Several glass aealant6 covering the temperature range of 50(I to 1300°C,
were developed and used to “braze” aegmentfi of the torus together, eapphire windows to the torus
and the required pump-out and diagnostic p~~t6 to the ceramic v6cuum vessel. Losigns cf wind(,u
seals were developed that allowed bealln~ of the Sapph!.re windows in a vertical position with
minimum sealing glass flow.

1. INTRODUCTION

The 21-40 Toroidal Rever6e Field Pinch Fusion
Experiment uses an all-ceramic, 99.5% alumina,
toroidal Dla=ma-containment ve~sel. This LOruS
is a 4L10-nm-diam bore, 3.2-mnMOD vessel that has
tighty 57.2-usn-diam oapphire windows, eighteen
57,2-mm-diam instrumentation portfi, and four
76.2-mm-oiam evacuation port6.

The torus was fabricated by joining four 6°
alumina segments with specially formulated cer-
amic sealant6 to form 24° torus sections. Spe-
cial segments, those with windows and/or ports,
were inserted betwee[, the 24° sections ~sing
re2tangul~r cross-section Viton O-rings, ‘The
tctal length of ceramic-to-ceramic seals for
this rorus exceeds 66 ❑ eters. A ~chematic draw-
inc of the torus i6 shown in Fig. 1.
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FIR. 1. 6che~tic drawing of ZT-40 torus.

*Thin work wait perfomed undar the ●uapices Of
Lhe USDOE.
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A program was undertaken to develop the mate-
rials, joint designs, and the technology neces-
sary f~r the required ceramic-to-ceramic seals.
This program resulted in the modification of tw
commercially available sealants and the devtl-
opmenc of five new cealants for alumina-to-
alumina and alumina-c :-sapphire seals. Fabr.~a-
tion of the ZT-LO torus has been accomplished
using the=~ sealants, which can also be used co
repair and/or modify aea16 previously formed.

The successful hermetic ceramic-to-ceramic
seals mde using these vitreous and recrystal-
lizing ceramics as a “brazing” msterial, demon-
strate the usefulness of this technology. Thl$
provides a new approach for the Fabrication of
ocher large ceramic parr6 such as insulators
for Tokamak machines.

2. DISCUSSION

2.1. Approach

Tt,e fabrication of the ZT-40 torus can be di-
vided into four ❑tages: (1) development of a
series of 6ealanL6 to join slumina-to-alumina
and alumina-to-sapphire, (2) sealing of the (5°
torufi segments to form 24° sections, (3) fabric-
ation of the all-ceramic special segments con-
taining sapphire windows, diagnostic and vacuum
pump-out porta, and (4) final assembly of ti=e
torus.

3. SEALING GLASS DEVELOPKENT

F:,ve materials for sealinR of high purity
alumina ●nd 6apphire shapes, with mat,tring tem-
perature ranging from 500 to 1300°C, developed
for the ZT-fIO program, have been de6cribed b::
Hauth, et ●l. [1]. Thaae sealants h.jve uBes and
advantages ● o follows:

i. These sealants can be used to joi. large
●lumina ceramic ●hapen.

ii. They can b- ueed to join ●lumina to
sapphire.

iii, The sealing glaeae~, raw or Critted, can
be uaad to r~pair joints made with other glaaaea
in the eeriaa having ●qual or higher melting
temparaturao. R@firing the glaaaas to their
original maturing tampergcure has no ●pparel,t
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●ffects on the joints.
iv. Sequential sealing operations using suc-

cessively lower ❑elting gl.ssses allow very com-
plex parts to be fabricated without damaging
previously made joints.

v. The glasses can be applied by conventional
methods such as aprayirrg, brushing, dipping, or
buttering, using water as the vehicle.

vi . The glasses are stronger in tension than
alumina when tested using joints of the type
shown in Fig. 2.

Fig. 2. Design of jc,int used between torus
segmmts.

4. ZT-40 SE%EWI SEALING

The sealing glasseb . jd joint design for join-
ing 60 segments of the ZT-40 were evaluated us-
ing small 76-rmrt-diam alumina tubing. The proc-
ess was then scaled up in size. Before joining
the ZT-40 aegmentb we successfully joined 150-,
200-, and 3CNMmn-ditim torus segments using these
glass compositions.

In addition to strength and vacuum tightness
requirements, the joint had to be designed to
minimize the possibility of contaminating the
plasma with impurities from the aealart glas~es.
The joint design accepted, as shown in Fig. 2,
permits no Itne-of-sight contact between the
plasms and the glaas nealant. Joints of this
design can alao be sealed with an ‘0’-ring -- an
important factor, eince thr final aeaembly re-
quir.o that come ‘0’-rings be ●mployed,

-,. Tile 1300°C maturing glass waa ●elected for
segment joking to increa~e the temperature
range ●vailable for subsequent operations, modi-
fication, ●nd ra aira, if needed, to the torus.

!Cloee tolerance - 0,070 rmn, on the jointa were
required to ●now good vacuum uealc to be formu~

to prevent any glaas runthrough to the inside of
the torus, and to Ineure that the complated as-
aembly would meet deeign specifications with re-
gard to cumulative tolerance, ●tc.

The 6° torus eections for the ZT-40 ware made
by Western Gold aod Platinum Company (WSSCO) us-
ing a 99.5% alumina ceramic. WESCOsealed the
400+nm-diam segments together in groups of four
tc form 24° torus sections using the technology
and materials developed by the Materials Techno-
logy Group of the Los Alamos Scientific Labora-
tory (LASL). The glass was applied by a butter-
ing technique, and the parts fired at 1260°C for
1 h, using a heating and cooling rate of 500C/h.
One of these is shown in Fig. 3. Twelve such
segments were required.
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Fig
form a 24° torus section,

3. Four 6° torus segments glass segled to

4,1. Special segment fabrication

4.1.1. Sapphire winoow-to-alumina sealing.
The fabrication of the special ae~ments was

the most difficult part of the ZT-40 torue con-
struction. Twelve of these eections having very
different appearances were required and are des-
cribed in Tabie 1.

A window aesembly, ehown in Fig. 6, containing
a retaining ring of alumina was developed for
the ZT-40. The retaining ring prevented ●xces-
sive flow of sealing glase, and held the window
firmly in place during the eealing operation,
which was done with the windows in a vertical
position, Tolerances of leas than 0.050 mm be-
tkeen the window, ring, ●nd window eeat were re-
quired. In addition, the window seat was flat
●nd ●quar~ to within 0.925 mm to prevent unwanted
glaes flow or window misalignment. A emall
roundad annular groove wae ground in the window



●eat, as shown in Fig. 4, to prevent glass flow
to the inside of the torus.

TABLE I

DESCRIPTION OF TNE”SPECIAL SEWEh7S OF THE ZT40
TORKi

Number of Uindnws b Ports Per Segment. . .——— —. . -— .——..——

57-nm-dicm 57-mn-diau 76-m-diam
Sep,mentfi Sapphire Dlafinostic Evacuation

Required _W~pdnws - Ports Ports.——.

2 -. 3 --

4 -. 2 1

2 9 2 .-

2 ]L -- --

2 17 -- --

Fig. h. Z1-LO winrlnw assembly dvr,iglt.

DurinF tlw dcvelnprncnt of tht Hpeclnl seNmrnt
fabrication tt,chniquuh, eapphlrv windows wcrv
sealed into 3(lWmn-diam torus s@~mcnLk usiny

several of thu sealing glasses. Snmv distortion

occurred in CIIC winduu~ and it wah dependent up-
on the cucflicirnt of thernml expansion mismaLch
between the sealant, alumina, and aapphlrt. lls-
ing the 850°C aeaiinfr glas~ wv were able to keep
the distortion to lens than 2A.

Beforr? -king tl:e actual 21-40 window aegmrmtt+
we ■ealed twelve windnws into a 3(J(hnm-d[am to-
rus ne~ment in a single operation. Th@ aeRment

was vacuum tight ●nd aatiafactory from the glaa~
flow requirements.

Figure 5 ●howa ● 17-window segment with the
sapphire windown and reLaining rings ready for
●eeemblv and Fig. 6 a aettment containin8 two
diagnostic porta and nine window~.
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Fig. 6. A 9-windnw tnrufi negrrm’nL wiLt: two

dia~notitic port[. ready for ar+t+umbl::.

h.1.z. JoininE pump-out ●nd diagnnsLic port. t,,

torus ●eRmenta.
The 57--diam diattnootic port ●efcments wtrc

●aoemhled in much the same way ● s the windnti ae~
manLs. The only change was thi’ addition of
●lumina fixtures trreuppnrt thp port tuhvh dur-

ing firing. Figure 7 ahuw~ ● partially nssemblerl



segment with twc, 57-ann-cffarn ports and one 76-mm-
diarc port, The retaining ring vhich alides over
the tube and fits betveen the OD of the aeat and
011 of the tube is shown balanced on part of the
support fixtures. The port is pushed into posi-
tion, glass is brushed Into the aeat, the retain-
ing ring is pressed into place and a little extn
glass brushed over the retaining ring. Final as-
aembly of this segment is ahown taking place in
the furnace in Fig. 8.
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fir. 7. A ?!)ree-port, tw:) dia~nostic, on(
vaLuI!rr segment of tt)c ZT-L(I tcrus
partiti]ly assembled.

‘l’he SPCC ial sc~mwnts art, t(, be joined tc, the
24(’ t[,rus sections using square cross-sc.ctlnn

~(’1’..rjn~s. T})(, only clam~,ing pr.essurv will be
sup IIlivd by ttlr vacuum, which is sppcified as
less thlln 1 ~l’,io Plasma cleanliness require-

ments dl(tatc that organic ~terial usage be
minimized; con~equently, vacuum grease on the
‘()’-rinN~ hus been prohibited. This put6 Se-
vere requirem(,ntfi on the un{formlty, hardness,
and surface fini!+l] of the square section ‘0’-
rings. 7tIey are being compression ❑olded in a

special steel die set from Vito:l b compound
without a carbon black filler to a Durometer
hardness of 55.

ment showin~ the firinp furnac[.
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FIR. 9. Completed three-port ZT-LO specltil
segment .



5. CONCLUSIONS

The technology develaped during this program
has -de possible the fabrication of the large,
40~-bore, 3.2-k-OD ceramic ZT-40 torue, ‘fhe
torus is joined v~th ●pecially developed glass
●ealants mnd the number of ‘0’rings required is
minimized. Thie ceremic-to-ceramic joining
technology makes it ● practical operation to
fabricate large complex ceramic parts by furnace
“brazing” (glaoa sealing) together several
●impler ●hapes.

ACKNOWLEIKSMENTS

The authors would like t~ express their appre-
ciation to S. D. Stoddard of the LASL Materials
Technology Group and A. Haberstich of the LASL
Controlled Thermonuclear Fusion Division for
their great assistance during the performance
of this worK.

REFERSNCE

1. Willard &. Hauth ●nd Stephen D. Stoddard,
“Large Ceramics for Fusion Applications,”
presented at the First Topical Meeting on
Fuslcm Reactor Nsterials, ?liami Beach,
Florida, January 31, 1979,


