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   A  300nC heat-resfstant neutren  shielding  material  was  ncwly  developed. The muterial censists  of  phenol-based
resin  with  S weight-9/  boron. Thc neutron  shie]ding  performance of  the deve]oped resin,  which  was  exafnined  by using

a  
!jiCt'

 neutron  sourcc,  was  almost  identica[ to that  of  polyethy]ene. The  rcsin can  be applied  to the porl section  ef  the

vacuum  vessel  of  the DD  plasma  device to suppress  the streaming  neutrons  and  to  reduee  the  nuc]ear  hcating  of  the

superconducting  coiEs.
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   The National Centralized lrbkamak (NCT) is planncd to
demonstrate the stcady-state high-6 p]asma with  a  nationwide

collaboration  in Japan. The facility design of  the NCT  was

described  in Ref. L1]. The NCT  wil]  operate  using  deuterium

plasrnas with  dcuterium beam  irijection. Bceause  the NCT  has

no  bltmkct, some  shielding  structure  against  the DD  neutrons

(E, =  2.45 MeV)  will  be needed  to supprcss  the nuelear  heat-

ins, of  the supereonducting  ceil.  The DD  neutrons  wiLt  be

mainly  shie]dcd  by the water-fi11cd  doub]e-wal] vacuum  vcssel

in thc  NCT.  However,  at the pert duct, where  the double-wall

structure  is net  uvailable,  anothcr  neutron  shield  material  is

required.  This material  must  have heat resistancc  against  the

3eOOC baking temperature  of  the vaeuum  vessel,  which  is

higher than the heat-proof temperature  oi' the present neutren

shielding  rcsins, For example,  the heat-proof temperature  is

90-C  in po]yethylene and  2000C in eponite,  a resin  developed

by Hazama  Ce. 

'PherefOre,
 we  developed a  beron-loaded resin

with  heat resistance  to  3000C  as  a  ncutron  shielding  male-                                     b
riat.

   Tb  ['aci]itate the design of  the neutren  shielding  resin.

we  have investi.crated several  oi' the  characteristics  of  the resin

tts fo[lows.

   In ordcr  to decrease  the nuclear  heating, the  attenuution

of  DD  ncutrons  as we]]  as attenuution  of  the secondury  v-ray
emitted  from the recoil  nucleus  due to the etastic  scattering  is

essentia].  For  the  neutron  attenuation process  in lhe ncutren

shie]ding  resin,  both a  
`moderator'

 and  an  
'absorber'

 arc  re-

quired. Fast neutron  is therma]ized  by the moderator  through

elastic  Kcattering,  and  then absorbed  by the  absorber.  Thc

most  etTectivc  moderator  is hydrogcn because it has alinost

the same  mass  as  a neutron.  The  absorber  should  be selected

so  as  t(] minimizc  the effect  of  capture  T-ray emission  during

absorption  of  the thermalized  neutron.  Thc nuciear  heating
ei'ficiency.  indicated by the KERMA  (kinetic energy  releascd

in materials)  factor L21, dcpends  on  the capture  y-ray energy
(E'.rf), Coinpared to hydrogen, which  has an  energy  ol' ET =

2.225  MeV,  boron has a  much  [owcr energy  of  ET =  O.48

MeV.  Much  of the nuclear hcating in the superconducting

coil  is .oenerated  by the coppcr  wire  within  the cable in the
conduil.  The KERMA  ftictor of  copper  in the v-ray by hy-

drogen is about  three timcs  larger than  that by boron. This is

an  elTeclive  method  to dope boron for decreasing the  nucleur

heatinL, of  thc coil.    L
   To determine the  amount  oi' boron to include in thc neu-

tron shielding  materla],  the neutron  and  the y-ray fiux through

the resin  are  evaluated  by ID  mode[  analysis  in NCT.  This

ana].vsis  ",as  performed using  the 1D  code,  ANISN  L31. with  a

group  constant  set  FUSION-40  r41. By  mu]tipiying  the calcu-

latcd fiuxes by the KERMA  factor, thc  nuclear  heating of  thc

toroidal  magnetic  field supcrconducting  coil  was  estimated.

The uTnount  of  boron was  chescn  as  5 weight-%  to minimize

the nuclear  heating of  the supcrconducting  coil.

   The neuk'on  shiclding  resin  was  developed by mixing

beron curbide  (B,tC) with  a phenol-based resin  with  improved

hcat resistance.  Thc measured  chemical  eornposjtion  of  the

dex'eloped resin is summarizcd  in 1lable 1. 
'1'he

 density of  {he

resin  "'us  1.8 glcmi The  heat-proof temperature  was  more

leble 1 Chemicar  compositTons  of  the developed  resin.
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than 3000C by the determination of  the temperttture of  defiee-

tion under  load on  the Japanesc Industrial Standard (JIS).
   The neutron  shielding  characteristic  was  observed  by a

neutron  penetration test with  a  
25iCf

 neutron  source  (as,crage
energy:  <E.>  -- 2. t MeV)  performed for the sample  <40 × 40 ×

5 cm])  of  the boron-loaded resin  and  the polyethylene at room

tcmperaturc  (-･200C), The neutron  penetrations were  measured

by a  neutron  rem  countcr.  Figure 1 shows  the neutron  dose

attenuation  of  the developcd rcsin  and  the polyethy]ene as  a

function of  the thickness of  the sumple.  Thc ncutren  shie]d-

ing. performance  of  the resin  was  alniost  the  same  as  that  of

the polyethylene. The neutron  shielding  characteristics  were

a[so  estimated  by 3D  Monte  Carlo Code  MCNP-4C2  r5]
using  continuous  energy  cross  section  dutu scts  based on  the

JENDIi3.3  r6] for the composition  of  the devcloped resin

based on  Tab]e 1. As  shown  in Fig.1, the calculatton  results

agreed  welE  with  thc experimenta]  results  of  the resin,

   To  use  the developed resin  in thc  cryostat,  it is necessary

to suppress  c)utgas  in the high teinpcraturc rcgien.  The  main

outgas  compencnts  from  the resin  at  150--300eC  were  CO!,

NH]  and  H!O  as  dctccted by thermal  desorption spectroscepy.

In addition.  the amouiit  (pg/g) of  13 difforen[ orLganic  gases,

inc]uding pyridine and  phenol. werc  determined by gas chro-

inatography  and  mass  spectromctry.  The weight  ef  the resin

sampie  CO.022 .o.)
 decreased by 1.1% in the 

--300CC
 region.

HiO  is an  important element  in ordcr  to  shie]d  the neutrons

and  some  of  the H!O  molecules  are  lost by the first baking:

however, the neutron  shie]ding  pcrformance of  the resin  after

buking was  thc samc  as  that before buking, At'ter a second

buking. the voluirmes  of  the gascs w'cre  below the limits of

detection.

    In conelusion.  a 3000C  heat-resistant neutron  shie]ding

resin  for decreasing the nuc]ear  heating of  Lhe superconduct-

lng coi[  in NCT  was  developed, This t'esin is suitab[e for

co･.-"cu=co=Nocoov[ot=oZ
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application  to thc port section  ol' the vacuum  vessel  and  as a

neutron  shielding  material  for the ptasma diagnostjcs around

the vacuun]  vessel.
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