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Abstract

Various candidate materials for the first wall of the magnetically confined ther-
monuclear fusion devices have been widely investigated. Among these candidates,
graphite is one of the most promising materials because of its low-z, refractory nature,
high heat conductivity, and ease in fabrication, etc. In spite of graphite’s superb proper-
ties, many problems which would obstruct its actual use are still left to be solved.

In this paper, the present status and the current objectives of a graphite first wall
which concern fuel recycling and inventory are reviewed from the viewpoint of [1]
surface characterization and radiation damages caused by ion bombardrnef;t, [2] trap-
ping and reemission of hydrogen isotope atoms, [3] trapped states, thermal desorption
behaviors and recombination factors of hydrogen isotopes, and [4] surface modification

by other elements.
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Fig. 2. Crystallographic structure of graphite (left) and diamond (right)®”.
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Table 1. Comparison of typical properties of graphite and metals®”?®.

Element Densit Melting Thermal Thermal Electrical
or VA & /cmg; Point Conductivity Expansion Resistivity
Material € (cal/cm-deg) Coeff. (#Q -cm)
(x10%
Graphite 12 2.25 3550 0.3 5 1.5x10°
Fe 26 7.86 1536 0.17 12.2 9.71
Ni 28 8.80 1453 0.21 13.3 6.84
Cu 29 8.93 1083 0.94 17.1 1.67
Ag 47 10.49 961 1.00 19.6 1.6
Mo 42 9.01 2617 0.34 5.2 5.7
w 74 19.30 3380 0.39 4.5 5.5
(20°C) (0-100°C) (100°C) (20°C)
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Table 2. Physical properties*" of isotropic graphites'”.

sample*? apparent grain pore porosity trade name
density size size
[g/cm®] [#m] [#m] (%]
A-—1 1.90 5 0.4 1-12 ISO—880U
A-2 1.82 10 1.1 12-14 ISO—630U
A-3 1.77 14 3 14—18 IG—-110U
B-1 1.91 1 0.5 9 T—-6P
B-2 1.78 10 1 15 T—4MP
B-3 1.75 40 2 13 ETP-10
C-1 1.88 - - - #880
Cc—-2 1.60 - - - #781
D-1 1.95 <40 <0.5 8 G1950S
D-2 1.80 <60 <4 13 G347S8
E-1 1.98 5 0.5 1 -
E-2 1.82 20 5 12 -
F—1 1.82 5 2 16—18 AX650K
F-2 1.80 10—15 1.4 16—18 MT200K
F-3 1.77 15 3 16—18 AX280K
F—4 2.0 10—15 0.7 7—-8 YPD—K
HOPG 2.23 - - -
PG—-A 2.18—2.20 -~ - -

Papyex - - — —

* 1) Other properties are tabulated in the summary report of the special research program for
fusion research supported by the Ministry of Education, Science and Culture of Japan,
“Characterization of graphites as the first wall material in thermonuclear fusion devices
(in Japanese), 1986”, (ed. by T. Yamashina).

* 2) A; Toyo Tanso Co., B; Ibiden Co., C; Nippon Steel Chemical Co., D; Tokai Carbon Co.,
E; — F; Toyo Carbon Co.

HOPG : Highly Oriented Pyrolytic Graphite (Nippon Carbon Co.,)
PG—A : Pyrolytic Graphite (Nippon Carbon Co.,)
Papyex: (Le Charbon)
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Fig. 3. Experimental sputtering-yield data for carbon and graphite®.
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graphite at angle of incidence 0< ¢ <85 as a function of incident fluence*®.

Table 3. Measured trapping and particle reflection coefficients, # and Rw, and calculated
particle reflection coefficients Rw.c for different energies Eo and angles of inci-

dence, *”.
D-C

E a 7 Rw,
[keV) [deg] 3 "
0.4 0 0.900 0.100 0.116
40 0.774 0.226 0.202
60 0.583 0.417 0.351
70 0.486 0.514 0.474
80 0.334 0.666 0.718
1.0 0 0.949 0.051 0.071
40 0.862 0.138 0.145
60 0.746 0.254 0.282
70 0.594 0.406 0.405
80 0.416 0.584 0.594
3.0 0 0.993 0.007 0.024
40 0.920 0.080 0.068
60 0.819 0.181 0.183
65 0.733 0.267 0.237
70 0.655 0.345 0.304
75 0.583 0.417 0.389
80 0.472 0.528 0.495
85 0.342 0.658 0.674
10.0 0 1.011 —0.011 0.005
60 0.964 0.036 0.079
70 0.887 0.113 0.180
80 0.630 0.370 0.387

85 0.506 0.494 0.560
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carbon samples during bombardment with deuterons at room temperature as a

function of deuteron fluence for different energies*®.
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Fig. 15. Concentration vs. depth measured by Fig. 16. Changes in the negative SIMS spectra

SIMS for 530 and 1500 eV deuterium with the deuterium implantations: (a)
implanted in amorphous carbon on glass clean surface, (b) 3.3%X 10" ions/cm?, (c)
to an incident fluence of 10'* D/cm® 6.7X10" ions/cm? (d) 2X10' ions/
(solid curves) and 10'* D/cm® (dotted cm? 7,

curves)**.
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Fig. 17. Changes in the desorption spectra of D: with repeating implantation-desorption
cycles'?.
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Fig. 18. Mass spectra of Hs, D and T used'®*".
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Fig. 23. Metal and deuterium concentrations on TFR main graphite limiters.

Table 4. Impurity of the plasma with an Inconel and
graphite limitter in TFR®®.

71(0}cm™®) Inconel limiter Graphite limiter
C 1-2x%10" 0.5—1x10"

N 0.5-1x10"

(0] 102 0.7—1x10"

Cl 7.5%10° 10°

Cr 6x10° 4x108

Fe 6x10° 3x108

Ni 10'° 10°
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