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This r epo r t  covers t h e  work performed i n  January, Pebrunry and March, 

1980 on JPL/DOE ConFracl 954334, Pllase 111. T h i s  phase c o n s i s t s  of tile engi- 

nee r ing  design, f a b r i c a t i o n ,  assembly, opera t ion ,  economic ana lys i s ,  and 

p roces s  support RED f o r  an Experimental Process Systern Eevclopment Unit (ESPDU). 

With completion of t h e  design f o r  t h e  hydroganation r e a c t o r  and four  dis- 

t i l l a t i o n  columns, orrly t h e  free-space r e a c t o r  and t h e  melt ing/consol idat ion 

s y s t e ~ n  design remain t o  be completed. The waste-burner test was comple ted  t h i s  

q u a r t e r ,  s o  t h e  waste t reatment  system f o r  t h e  EPSDU can now be s p e c i f i e d ,  

The f a c i l i t y  layout drawings were completed and are ready for review. These 

w i l l  form t h e  basis f o r  t h e  i n s t a l l a t i o n  design a c t i v i t i e s .  The drawings incor- 

porate the r ev i sed  waste treatment system, ~nvi ronmenta l  cons idera t ions ,  and 

personnel  s a f e t y ,  

According t o  t h e  d e t a i l e d  cos t  e s t ima te  j u s t  completed, cos t  of t h e  con- 

s t r u c t i o n  sub-contract  i s  rnuch h igher  than planned. Fortunately,  recent  process  

dosign changes, which are not  r e f l e c t e d  i n  t h e  est imate,  w i l l  have a s i z a b l e  

impact i n  lowering t h e  es t imate .  The cost-impact s tudy will be c a r r i e d  out  i n  

A p r i l ,  

Equipment procurement a c t i v i t i e s  a r e  j u s t  s t a r t i n g .  Purchase orders for 

most of  the  equipment are expected t o  be  i ssued  i n  the next  q u a r t e r .  

The frec-space r e a c t o r  PDU was succes s fu l ly  s t a r t e d  up. After some equip- 

ment modif icat ions,  t he  u n i t  was run f o r  24 hours a t  t h e  design t h ~ o u g h p u t ,  

Powder y u r i t y  and longevity of t h e  quar tz  l i n e r  w i l l  have t o  b e  addressed next, 

The melter  sub-contract was s igned with Kayex Corporation o f  Rochester, 

New York, and work was s t a r t e d  on Elarch 1, 1980. Theore t ica l  models f o r  shot 

formation and s h o t  cooling, from a bottom-apertured c r u c i b l e ,  a r e  being 

developed by Union Ca.rbide, i n  support  o f  t he  con t r ac t .  



In  the fluid-bed development nron, t h e  following tasks lzavc boon con~plotad: 

a ,.11 fixed-bed expcr in~ents  rtcre completed, and c o r r e l a t i o n s  f o r  t h e  

s i l i c o n  deposi t ion r a t e  and n c r i t i c a l  s i l n n e  c o n c e n t r n t i o n  curve 

wore developed, 

P a r t i c l o  scpnrat ion experimcnts were compiatod which revealed p o s i -  

t i v e l y  t h a t  l a rge  p a r t i c l e s  can be s o l e c t i v c l y  rcmovad from a f l u i d  

bed. 

r Capaci t ive heat ing experinicnts showed t h a t  a f l u i d  bed can effec- 

t i v e l y  be heated without h e a t i n g  t h e  bed wall, 

8 Design o f  the f lu id-bed  Pal l  i s  underway, and t h e  1'61 diagraril was 

completed. 

A cl~romarograpliic technique has bee11 developed f o r  determining t r a c e  

l eve l s  of  phosplzine i n  si lane down to a Eorv parts-per-billion, The slim-rod 

r e a c t o r  and ep i tnxy  reactor are being usscmblcd ancl b o t h  should be ready f o r  

t e s t i n g  i n  t h e  next  quarter .  

Overall ,  the EPSDU engineer ing func t i on  i s  progressing s a t i s f a c t o r i l y  bu t  

i s  s l i g h t l y  behind schedule  i n  the  PfiT and cquipmcnt procurement a r m ,  This 

i s  not: expected t o  impact t h e  o v e r a l l  s c l~edu le .  The process  s u p p o r t  R4D 

a c t i v i t y  proceeded on schedule u n t i l  the free-space r e a c t o r  t o s t i n g  was in- 

terrupted Isy t h e  powder scraper malfunctioning and breakage of qua r t z  l i n e s ,  

A concentrated effort  i n  these areas during t h e  nex t  q u a r t e r  should s o l v e  t l ~ e s c  

problems and put  this p a r t  of t h e  program back on sc11c;dule. 

v i i  



T h i s  r epo r t  covers t h e  work porforn~ed i n  January, Peb~utzry and March, 

1980 on the JPL/DOE Contract 954331, Phase 111, 

The overall o b j s c t i v c  o f  the LSA S i l i con  Mater ial  Task is t o  e s t a b l i s h  n 

c1.1emical process  f o r  producing s i l i c o n  a t  a r a t e  and p r i c e  commensurate with 

tllc production goals of the LSA pro jec t  f o r  s o l a r - c c l l  modules. Tl l i s  mate r i a l  

must be s u i t a b l e  f o r  u t i l i z a t i o n  i n  t h e  la rge-area  shee t  process  and i n  t h e  

automated p r o c e s s  f o r  the f a b r i c a t i o n  o f  s o l a r  c e l l s  having s a t i s f a c t o r y  physi- 

cal anil e l e c t r i c a l  perfo~mance c h a r a c t e r i s t i c s .  

As .part of t h e  ove ra l l  S i l i c o n  Mater ial  Task, Union Carbide dcvelopcd t h e  

s i l a n e - s i l i c o n  process  and advanced t h e  technology t o  t h e  p a i n t  whera it has a 

d e f i n i t e  p o t e n t i a l  f o r  providing high-puri ty  po1ysj.licon on a conunercial s c a l e  

a t  a p r i c e  of  $lrl/kg by 1986 (1980 d o l l a r s ) .  T h i s  work, completed under 

Phases I and I1 of t h e  con t r ac t ,  provided a f i lm  base f o r  the Phase 111 program 

( i n i t i a t e d  i n  Apri l  1979) aimed a t  e s t a b l i s h i n g  t h e  p r a c t i c a l i t y  of t h e  pro- 

c e s s  by pursuing t he  follorving s p e c i f i c  ob jec t ives :  

Design, f a b r i c a t e ,  i n s t a l l ,  and opera te  an Experi~nental Process 

System Development Unit (EPSDU) s i zed  f o r  100 E\IT/Yr t o  o b t a i n  

extensive performance d a t a  t o  e s t a b l i s h  t h e  da t a  base f o r  t h e  

des ign  of commercial f a c i l i t i e s .  

r Perform support research  and devalopment l o  provide an i n f o r -  

mation base usable f o r  the  EPSDU and fo r  technological  des ign  and 

economic analysis for p o t e n t i a l  scalc-up of  t h e  pxocoss. 

r Perform i t e r a t i v e  economic analyses  of  t h e  est imated product cost 

f o r  t h e  product ion of semiconductor-grade s i l i c o n  i n  a f a c i l i t y  

capable of producing 1000 FR/Yr. 

Th i s  process  f o r  preparing semiconductor-grade s i l i c o n  i n  t h e  EPSDU from 

metal lurgical-grade (!.I-G) s i l icon i s  based on a wel l - in tegra ted  arrangement 



o f  pur i f i ca t ion  steps that: provides n cost-affactiva process system, 

T f ~ e  three basic steps o n t a i l  converting M-G silicon to t r i c l ~ l o r o s i l n n a ,  

r ed i s t r i bu t i l l g  t h e  trichlorosilnne to producc silnnc, nnd thormnlly dacom- 

posing the silnnc to form polycrysrill l ina si.licon pawdor, 'Iho l~owdor is then 

lnelted n11d tho molten s i l i c o n  is c a s t  .For subsequent fabrication of solnr 

calls. 

l'hc cochnical  progress presentad in this repor t  is nrrungcd according t o  

t h o  Work Brcnkdown St ructure  [IVBS] shown i n  Table  I .  
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SECTION I I. TECI*INICAI, AC'SIVITIES (BY lVUS NUMBEII) 

1, EPSDU PROGRMI 

As i l l u s t r a t a d  i n  Table  I ,  t h e  c u r r e n t  Phase I11 prograIII c o n s i ~ t s  o f  seven 

p r imary  [WBS l e v e l  2 )  d i v i s i o n s  of e f f o r t :  

EPSDU Design and I1rocurcmant 

e CPSDU Equipment I : t~bricntion arid Dolivory 

EPSDU I n s t a l l a t  ion nnd Cllcckout 

EPSDU Opera t ion  

Commarcinl (1000 MT/Yr) Pracess  Economic Ana lys i s  

Proccss  RFrD t o  Suppor t  EPSDU Design and Com~nercial Ana lys i s  

Progrnm Msnngcmenr 

C o l l e c t i v e l y ,  t h e s e  activities encompass a l l  e f f o r t  r e q u i r e d  t o  a t t a i n  

tilo program o b j e c t i v e s .  The s u b d i v i s i o n s  (lV13S l e v e l s  3,  4 and 5) d e f i n e  

t h e  i n d i v i d u a l  work i.tcms t h a t  must b e  pe r fo rned .  The p r o g r e s s  f o r  t h i s  

qunvtcr, documentcrl i n  tfiis s e c t i o n ,  is r e p o r t e d  a t  t h e  work-item l e v e l .  

Only work i tems that a rc  c u r r e n t l y  i n  work o r  were r e c e n t l y  coniplotcd a r c  

i n c l u d e d .  

1.1 EPSDU DESICN/PROCUREC1BNT 

T h i s  e f f o r t  i n c l u d e s  a l l  e n g i ~ e e r i n g ,  d e s i g n ,  and procurenrent a c r i v i t  ies 

necessary t o  t r a n s f o r m  t h e  p r o c e s s  des ign ,  developed d u r i n g  t h e  Phase I1 

program, i n t o  a complete i n s t a l l a t i o n - d r a w i n g  package f o r  EPSDU. The major 

t a s k s  i n c l u d e  p r o c e s s  dcs ign  upda tes ,  f a c i i i t y  d e s i g n ,  equipment d c s i g n  and 

procurement, i n s t a l l a t i o n  des ign ,  and cost e s t i m a t j n g  s u p p o r t .  

1.1.1 Process  Design 

The p r o c e s s  d c s i g n  e f f o r t  is  geared toward u s i n g  t h e  most r e c e n t  in- 

fo rmat ion  ava i l abLe  t o  p rov ide  t h e  most p r a c t i c a b l e  i n t e g r a t i o n  o f  p r o c e s s  

subs j s t en l s  f o r  a t t a i n i n g  t h e  EPSUU program o b j e c t i v e s .  The process d e s i g n  

package c o n s i s t s  of a hear/mass ba lance ,  p r o c e s s  d e s c r i p t i o n ,  p r o c e s s  f low 

diagram,  and f u n c t i o n a l  s p e c i f i c a t i o n s  f o r  p r o c e s s  equipment. 



'l'l~e origirlal  pncknge, i s s r l ~ d  III Juno 1979, served as  tho  bas is  f a r  ~ l l  sub- 

sequent ol~gi l icar i f~g  e f fo r t ,  I3e11cficinl dattl from r h o  Supporting 11613 e f f o r t  

and other procoss-rslnterl annlysos nnd expcrilnonts i s  beinl: used t o  update 

thr or ig ina l  pncknge. Procoss cnlainrsers, us.ing informntion availclb l o  from 

t h e  I'l~nso I and Pl~ar ;  I1 progrnms, p rov ide  d i r e c t  support to tho f a c i l i t y  

and cqu ipaen t   los sign cFForts . 

I'roccss Dos i g r a ~ r l n t c  

The process design is con t inua l ly  being roviervcd t o  i d e n t i f y  refine- 

ments thnt  have rlic po ten t i a l  foY lorvaring t h e  cos t ,  reducing the requirements 

for spcci t~ l izcd e q u i p m c n t , ~ ~  nl l e v i a t i n g  proble~ns t h a t  cou ld  arise during 

oycrat ion.  The effort f o r  this quar te r  was concentrated pr imnr i ly  on the 

f o l  lowing: 

Q Irl-C silicon conveyor system 

llydrogctlation r eac to r  

a LVnste t rea tn le~l t  

a Siltme J i s t i l l a t i o ~ ~  column 

u Equiprncnl: drying praccdurc 

'Thc conveyor systeln f o r  moving t l lc  bl-l; s i l i c o n  feed f o r  t h e  hydro- 

gcna t ion  r eac to r  frolit the s to rage  b i n  to tlzc lock hopper was re-examined t o  

a s c e ~ ~ c a i  n i f  t h e  rcqtiircd size  was commercially available. Commercial 

dense-phasc pneumatic conveying s y s e m s  :arc l a r g e r  t h a n  -that required f o r  

EPSDU and rvould n o t  bc cos t  effcctivc. Flexible-screw conveyor systems a r c  

avai labl  c ~vh ic l~  are ideal f o r  t h i s  app l i ca t ion .  T h i s  type of  conveyor ha.; a 

bear ing  housir~g a t  t h e  motor-end only ;  t he re fo re ,  t h e  conveying spiral, made 

of s p r i n g  s t e e l  i n  a lion-rigid p l a s t i c  tube ,  can be c u t  t o  s ize .  The Illanu- 

facturcr  has demonstrate~l t h e  c a p a b i l i t y  t o  t r a n s p o r t  similar materials successfully 

a t  any angle. The new conveying schema i.; t o  ni t rogen-feed t h e  coppcr- 

b lended s i l i c o n  t o  tfic canvcyor wllich t r anspor t s  i t  t o  a lock hopper elevzrtcd 

s l i g l l t l y  abovc the bottonl scct ior l  of the reactor.  This w i l l  p rovide  a simplc, 

low c o s t ,  and r e l i a b l e  systenl. 

'fie l~ytlrogcnntion reactor was mortified t o  inc lude  n p a i r  of 



p c r f a r a t o d - p i p o  gns d i s t r i b u t o r s ,  T h i s  mechan ica l ly  s i m p l i f i a s  t l ~ c  r e a c t o r ,  

nnd p r o v i d e s  f o r  easier niuintonanca and f l e x i b i l i t y  I n  gas i n j e c t i o n  t o  t h e  

f l u i d  bad, 

'I'hc wnsto t reatt i lent  p r o c e s s  was chnngcd s o  t h a t  t h e  r n u r i a t i c  ac id  

byprodt1c.t i s  now n e u t r a l i z e d  nnd J i s p o s c d  o f  i n  t h e  server as a d i l u t e  s o l u -  

t i o n ,  i n s t c n d  o f  b e i n g  c o n c e n t r a t e d  t o  a nominal 20% a c i d .  The new schelne 

w i l l  b e  lnucll s in lp le r  and less expens ive  f o r  CPSLrU; Ilowcver, t h e  o r i g i n a l  

n ~ e t h o d  o f  prodircing a s a l a b l e  m u r i n t i c  a c i d  by-product is s t i l l  a t t r a c t i v e  

f o r  a l a r g c  commercial f a c i l i t y .  I n  t h e  nc\J n e u t r a l i z a t i o n  scheme, t h e  

n e u t r a l i z i n g  t a n k  w i l l  be c e n t r a l l y  l o c a t e d  t o  p r o c e s s  t h o  a c i d  wastbs 

sc rubbed  from t h e  combusted waste-gas  and the p l a n t  wastewater .  An es t inra ted  

30 t o  50 gpln o f  wastewntcr will come fro111 t h e  a c i d  gas  s c r u b b e r  and up t o  SO 

g p m  coulrl  bc g c n e r a t c d  from curbed and o t h e r  areas where process s p i l l s ,  if 

t h e y  o c c u r ,  w i l l  b c  i s o l a t e d .  The n e u t r a l i z i n g  t a n k  w i l l  be  designed t o  

p r o c e s s  up t o  100 gpnl o f  wastewater .  The e f f l u e n t  will Ilavc a 1114 o f  6 t o  9 

and will flow t o  t l l c  municipal  sewer .  

Funct ional  d e s i g n  of  a l l  f o u r  d i s t i l l a t i o l l  columns was completed. 

'rhe work involved s p e c i f y i n g  mec l~nn ica l  d e t a i l s ,  m a t e r i a l s  of c o n s t r u c t i o n ,  

proccss connec t ions ,  column i n t e r n a l s ,  column s u p p o r t s ,  and special c l e a n i n g  

p r o c e d u r e s .  The  s i l n n e  d i s t i l l a t i o n  column was changed from a t rnyed-des ign  

t o  a packed-design s o  t h a t  c l e a n l i n e s s  s t a n d a r d s  can be main ta ined ,  The 

tray-colwnn is no t  v i ab le  because ,  i n  t h i s  smal l  s i z e ,  t h e  t r a y s  rvould have 

t o  b e  welded t o  t h e  s t ~ e l l  t o  minimize f l u i d  by-pass.  The column would con- 

sist  of  about two dozen f a b r i c a t e d  p a r t s  t h a t  would be welded t o g e t h e r ,  I t  

would b c  n e a r l y  imposs ib le  t o  c l e a n  t h e  column t o  e l e c t r o n i c  s t a n d a r d s  and 

it c o u l d  not  r e a d i l y  be f i e l d  d i sassembled  t o  remove tramp m a t e r i a l s ,  Tho 

packed column is s m a l l c s  and s i m p l e r .  I-lowever, f o r  a c o m m ~ r c i a l  p l a n t ,  

e i t h e r  a packed 01- cleanable trayed column could be used for sizes up to about  

5000 MT/Y; a trayed des ign  would b e  clear ly  preferred f o r  larger s i zes .  

The cquipn~cnt  d ry ing  p r o c e d u r e  was checked t o  make s u r e  t h a t  suf -  

f i c i e n t  n i t r o g e n  w i l l  be available at the EPSDU site. A f u n c t i o n a l  speci- 

fication f o r  t h e  dry-out  h e a t e r  was w r i t t e n .  The h e a t e r  would be  l o c a t e d  



at  t h e  "gan t ryw alld d e l i v e r  250~1: n i t r o g e n  t o  a l l  l i n e s  and equipn~ant  t o  be 

d r i e d  p r i o r  to p l a n t  s t a r t  up. 

l . 1 .l .2 Engineer ing  Dosign Suppor t  

Because o f  t h e  s p e c i a l  p r o c e s s  c o n s i d e r a t i o ~ l s  r e q u i r e d  f o r  EPSDU, 

p rocoss  dcs ign  pcllsonnel,  u s i n g  k~~owlcclgc o f  t h e  Phases T: and 11 development 

effoyt  anct r c l e v n ~ l t  c h l o r o s i l a n e  work at: o t h c r  UCC l o c a t i o n s ,  a s s i s t  i n  t h e  

d e t a i l  d e s i g n  of  t h e  f a c i l i t y  and equipment,  Although this p a r t i c i p a t i o n  

encompasses many des ign a c t i v i t i e s ,  t h e  e f f o r t  f o r  t h i s  p o r i o d  was invo lved  

p r i n ~ n r i l y  w i t h  environmental  and s a f e t y  c o n s i d e r a t  ions  and,  t o  a l c s s e r  

c s t c n t ,  equipment f i n i s h e s  and c l e a n i n g .  

In s u p p o r t  of  p l a n t  l a y o u t  a c t i v i t i e s ,  a methodology For s p i l l  and 

f j r e  cont ro l  was developed i n  c o n j u n c t i o n  w i t h  environmental  and safety con- 

s u l t a n t s .  ?'he majos concern was t o  p rov ide  ]]roper d r a i n a g e ,  rvatcr d e l u g e ,  

ar~rl Eumc c o n t r o l  f o r  c h l o r o s i l a n e  s p i l l s ,  Data s u p p l i e d  by  Southwest 

Research I n s t i t u t e ,  undcr an  indust ry-wide c o n t r a c t ,  and c o n s u l t a t i o n  w i t h  

t h e  f i r e  s a f e t y  enginccr a t  t l l c  UCC S i s t e r s v i l l e  p l a n t  i l ~ c l i c a t o  t h a t  hydro- 

c h l o r i c - a c i d  Eumcs and Eire a rc  both  major haza rds  a s s o c i a t e d  wi th  ch lo ro -  

s i l a n e  s p i l l s .  

V i r t u a l l y  a11 EPSDU p r o c c s s  s t reanis  a re  f l a r ~ m a b l c  due t o  t h e  p r e s m c e  

0.F l iydrochloros i1anes .  The 111ost e f f e c t i v e  fu~nc-con t ro l  agen t  appcnrs t o  Lr; 

a high-expnnsiorr rvnter-l~ascd foam rvllich s u p p r e s s e s  fire and c o o l s  ad j  a c c n t  

equipment. Hydroch lo ros i l anc  f ires cannot  be e x t i n g u i s h e d ;  t h e y  must be 

a1 lowed t o  b u r n  o u t .  Based on t h i s ,  t h e  c h l o r o s i l a n e  t ankage  and p r o c e s s  

areas w i l l  b e  d iked  o r  curbed t o  c o n t a i n  s p i l l s .  A p o r t a b l e  h igh-expansion 

foam g c n c r n t o r  will b e  p rov ided  t o  b l a n k e t  large s p i l l s  u s i n g  wa te r  from 

s t r n t e g i c a l l y  loca tcd  hydran ts .  (Two vendors  o f  foam g e n e r a t o r s  have been 

i d e r ~ t i f i e d . )  Small s p i l l s  w i l l  b e  f l u s h e d  w i t h  w a t e r  only. 

S l u i c e  va lves  i n  t h e  conta inment  a r e a s  can b e  r e g u l a t e d  t o  a l l o w  a 

cor l t ro l l ed  d i s c h a r g e  o f  d iked  l i q u i d  t o  t h e  p rocess  sewer, Copious q u a n t i -  

t i e s  of  w a t e r  will be aclded t o  t h e  sewerage t o  l lydrolyze t h e  l i q u i d s  and move 



t h e  resulting s o l i d s .  'I'll@ wnstcwntcr w i l l  tllen drain t o  t h e  c e n t r a l  c o l l e c -  

t o r  whore it will bc n e u t r n l i z e d  w i t h  cnustic soda t o  a d j u s t  pl-i t o  posmissiblo 

l c v c l s  (6-9). As a b ':-up fire-cont1.01 iacnsurc, n water-spray deluge system 

will b e  used t o  p ro tec t :  t h c  s u p p o r t  s t o o l  in t11c process a r ea .  C h l o r o s i l u n e  

stovago t anks  wil l  n o t  llnvc :in in-placo clelugo s y s t o ~ n ,  b u t  will b c  insulated 

t o  p r o t e c t  thcm Ero~n e x t e r n a l  hear. I-lowevcr, h y d r a n t - s u p p l i e d  w a t e r  will be 

available i f  it i s  nccdod. 

Spcc i f t i cu t ions  were prapnrod f o r  pr i tncr  p a i n t i n g  and process cquip- 

ment c l e a n i n g ,  Tllcsc s p e c i f i c a t i o n  packages  i l ~ c l u d c d  recornmendations o f  UCC 

e x p o r t s  a t  S i s t e r s v i l l e .  The p a i n t i n g  spoc i f i ca t ions  a rc  impor tan t  because 

t he  speci f ied  p r i m e r s  w i l l  reduce t h o  p o s s i b i l i t y  o f  s t r e s s - c r a c k  c o r r o s i o n  

i n  stainless equipment, and ex te rna l  corrosion o f  stccl  equipment r e s u l t i n g  from 

ch lo ros i l anc  leakage. The planned operation schedule f o r  EPSDU i s  t i g h t  and 

proper  process equipment cleaning s p e c i f i c a t i o n s  shou ld  enable a r ap id ,  l e s s  

t roublesome srnr  t u p ,  

1 .1 .1 .3  Burner T c s t s  

An a n a l y t i c a l  and experimental developlnent prograln was cond~ic tcd  t o  

p r o v i d e  d e s i g n  data f o r  an oconomical ly  and t c c l ~ n i c a l l y  v i a b l e  w a s t e  t r e a t -  

mcnt sys tem f o r  EPSDU. T h e  tes t s  were  conducted t o  d c n ~ o n s t r a t e  o p e r a t i o n  of 

a b u r n e r  systcln t o  f laine hydro lyze  and n e u t r a l i z e  w:istc c l l l o r o s i l n n e s .  741c 

t c s t s  wcrc s t a r t e d  i11 l a t e  1979 and arc  e s s e n t i a l l y  complete.  The e F f o r t  

f o r  t h i s  repor t  11criod c o n s i s t e d  b a s i c a l  ly of b u r n e r  o p e r a t i n g  v a r i a t i o n s  on 

r c p r e s c n t a t i v c  chlol+osi  lalie wastes. 

Altt~ouglz t h e  burncr had o p c r n t e d  successfully with s i l i c o n  t c t rn -  

c l ~ l o r i d e  (STC) vapor ,  t h e  i n i t i a l  tost w i t h  l i q u i d  STC was u n s u c c e s s f u l .  The 

cquipn~el l t  was modif ied  u s i n g  a commcrcinl f u e l - o i l  a tomize r  and in-house  

d e s i g n e d  a tomizers ,  The commercial atoni izer  was n o t  successful, but one i n -  

house designed u n i t  vorked we l l  i n  comb inat i o n  w i t h  a vendor-suggested 

modi f ica t ion  t o  tllc b u n ~ c r  f lame h o l d e r .  Th i s  phase o f  t h e  work was completed 

with a ~ucccssful l o n g - d u r a t i o n  t e s t  w i t h  l i q u i d  S'1'C. 



Our E i n n l  task was  t o  f lame-hydrol lze  conccntrnced c h l o r o s i l a n o  

s l u d g e  obtained from o u r  S i s r e r s v i l l e  f a c i l i t y .  Two t y p e s  o f  p e r i s t a l t i c  

pumps (borrowed from o t h e r  UCC p r o j e c t s )  w e r e  t r i e d  b u t  n e i t h e r  cou ld  d e l i v e r  

n c o n s t a n t  f low.  T h i s  was probably  caused by t h e  t h i n ,  non-viscous n a t u r e  of  

t h e  sludge. An a c c e p t a b l e  flow was a t ta ined by p r e s s u r i z i n g  tha s l u d g e  tank 

with n i t r o g e n .  The  i n i t f a l  a t t empt  t o  meter  t l ie  opaque s l u d g e  i n t o  t h e  b u r n e r  

d i d  n o t  work. A ro tametor  w i t h  a magnetic p ickup was t h e n  t r i e d  and i t  appeared  

t o  work satisfactorily, The v a l v e  used t o  meter  t h e  s l u r r y  was t roublesome 

because  t h e  valve c h a r a c t e r i s t i c s  changed as s o l i d s  b u i l t :  up around t h e  s e a t .  

This was s o l v e d  by a t t a c h i n g  a  v i b r a t o r  t o  the v a l v e  body. After t h e  mete r ing  

sys tem was reworked, a  s h o r t  t e s t  was t r i e d  u s i n g  rhe  S i s t e r s v i l l e  c h l o r o s i l a l ~ e  

sludge. Although the a t o m i z e r  d i d  a n  adequa te  f o b  o f  b r e a k i n g  up the l i q u i d  into 

a low-veloci ty  droplet:  mist, a s o l i d s  b u i l d u p  kep t  o c c u r r i n g  on the  a tomizer  t i p .  

The b u i l d u p  r a t e  was roughly  c o n s t a n t  f o r  a t o s ~ i z a t i o n  w i t h  a i r ,  n i t r o g e n ,  and 

natural gas;  consequen t ly ,  t h e  problem appeared t o  b e  caused  by a  r a p i d  s o l v e n t  

e v a p o r a t i o n  a t  tlze ho t  t i p .  Attempts t o  witlidraw t h e  a tomizer  from t h e  flame 

f r o n t  t o  r educe  t h e  t i p  t empera tu re  r e s u l t e d  i n  u n s t a b l e  b u r n e r  o p e r a t i o n .  

Withdr2wal of t h e  t i p  a p p a r e n t l y  reduced the combustion a i r  flow d r ~ e  t o  the v o n t u r i -  

e f f e c t  s o  t h a t  the flame was e x t i n g u i s h e d  on three s u c c e s s i v e  t r i e s .  

Tlzc c l ~ l o r o s i l : ~ n e  sludge o b t a i n e d  from S i s t e r s v i l l c  could  n o t  b e  

conlpletely f lxtnc-hydrolizcd + 1 r tvas dec ided  t h a t  f u r t h e r  inves t iga t ions  a t  

this poiri t ,  on the mini-burner  s c a l e ,  rvould not be  worthwhi le  s ince  the 

p o l y c h l o r o s i l a n c  content  o f  t h e  ava i l ab le  S i s t - e r s v i l l c  s l udge  is  f a r  l a r g e r  than  

t h a t  expected a t  EPSDU [perhaps by o v e r  an o r d e r  o f  magni tude) ,  A rnixture 

of 80" STC and 20: TTS (s in~ula ted  EI'StIU ~ t u d g e ,  less s o l i d )  was t r i e d  next, 

Although t h e  cxhaust plugged a f ter  one hour o f  o p e r a t i o n ,  t h e  m i x t u r e  burned 

properly w i t h  f l a ~ n c  i n s i d e  t h c  f l a m e  h o l d e r ,  'Ilzc s o l i d s  c o n t e n t  does no t  

appear t o  prcsent ;In operat ional  problern if an atomizer with wide c h l o r o s i -  

lanc  passagcs is  used atld a ' ' rapper" mechanism is provided t o  pl-event 

friablc d e p o s i t s  from b u i l d i n g  up an t h e  atomizer. 

1.1.2 Facility Design 

F a c i l i t y  design c o n s i s t s  p r imar i l y  of  tlie e f f o r t  r equ i r ed  t o  t r a n s l a t e  



the  process dcsign func t iona l  requirements i n t o  s p e c i f i c  p l ans  regarding s i t e ,  

physical  arrangement, human f a c t o r s ,  and s a f e t y  and environmental consider-  

a t i ons .  Personnel who w i l l  ope ra t e  t h e  f a c i l i t y  p a r t i c i p a t e  t o  provide 11u1nnn 

factor  inputs  and t o  become f a m i l i a r  with t h e  process. 

1.1.2.1 Layout, S i t e  Evaluat ion 

This e f f o r t  includes prepara t ion  of  layout ,  p lo t -p lan ,  and e leva t ion  

drawings t o  e s t a b l i s h  t h e  s p a t i a l  r e l a t i o n s h i p  of  equipment an3 s t r u c t u r e s  

and provide t h e  dcsign b a s i s  f o r  d e t a i l  p ip ing ,  s t r u c t u r a l  s t e e l ,  foundations, 

and e l e c t r i c a l  systems. S i t e  eva lua t ion  inc ludes  d e f i n i t i o n  of  b a t t a r y  

limits arid u t i l i t y  connections, topographical  surveys,  and s o i l  t e s t i n g .  

The s i t e  plan was redrawn t o  provide add i t i ona l  information and 

changes from t h e  previous plan.  The update included r a l o c a t i o n s  requi red  t o  

provide roadway access  t o  t h e  EPSDU s i t e ,  fenc ing  r e loca t ions ,  e x i s t i n g  road- 

way a reas ,  source po in t s  on Kennedy Avenue f o r  e l e c t r i c a l  power and natura l  

gas ,  loca t ion  of t h e  cryogenic hydrogen s torage tank ,  and site-grading 

f ea tu re s .  

The p o s s i b i l i t y  of  ob ta in ing  a d d i t i o n a l  s u p p l i e s  o f  na tu ra l  gas 

through t h e  Northern Indiana I'ower Serv ice  Company rvas discussed  with NIPSCO 

personnel .  A formal l e t t e r  o u t l i n i n g  t h e  n a t u r a l  gas requirements was sen t  

t o  NIPSCO so  t h a t  they could respond with a supply proposal .  NIPSCO re- 

sponded ve rba l ly  with information t h a t  a supply of  40,000 CFD natura l  gas 

w i l l  be  a v a i l a b l e  on a  f i rm,  non- in te r ruptab le  b a s i s ,  and 100,000 CFD on an 

i n t e r r u p t a b l e  b a s i s .  This a d d i t i o n a l  supply of na tu ra l  gas w i l l  permit  a 

s u b s t a n t i a l  reduct ion  i n  t h e  use  of f u e l  o i l  f o r  process  hea t  and, i n  t u rn ,  

a  reduct ion i n  the  size of t h e  f u e l  o i l  s t o r a g e  tank. 

1.1.2.2 Environmental and S a f e t y  

This  environmental e f f o r t  includes assessment of all environmental 

cons idera t ions  assoc ia ted  with t h e  process f o r  r egu la to ry  compliance prepar- 

a t i o n  of  s tandards ,  and obta in ing  appropr i a t e  approvals  and permits .  The 



s a f e t y  i~spccts i n c l u d e  c v ~ l u n t i  on of t h o  process and d e r a i l  design and lnotii- 

to r i r lg  of  i n s t n l l n t i o n  and o p a r n r i o n  t o  e n s u r o  t ha t  a l l  Ecaturas necessary 

f o r  p u b l i c  and s taff  s a f e t y  a r c  inc luded  and p r o p c r  procedures ure used.  

Environmantnl and d e s i g n  f c n t u r c s  were revicwcJ ns  p a r t  of t h e  

fuc i  l i t y  layout ~noct ings .  Pracass was tes  nncl s p i  1 lad  c k l o r o s i l a ~ ~ c  1 i q u i d s  

will be ncutrnlized i n  n co~nrnon t ront lncnt  t ank  wi th  pll control p r i o r  t o  d i s -  

posal i n  t h e  sani tary  scwcr systenr. l l o t e n t i a l  l i q u i d  s p i l l s  will be  conta i l led  

us ing  a d i k e d  aron n r o u r ~ d  the STC and 'SCS s t o r n g c  t anks .  Drninnge curbs  and 

t ~ e n c h c s  around pumps nnd p r o c e s s  cquiprt~ent w i I l  d i r cc t  o c c a s i o n a l  s p i l l s  o r  

leaks t o  t h o  n e u t r a l i z a t i o n  t a n k .  

'I'he u s e  of a portable, Iligll-expansion for1111 systci i t  is now f a v o r e d  

ove r  a water-deluge system f o r  I l C l  vapor ilnd f i r e  cont1.01 i n  t h e  even t  o f  a 

l a r g e  c h l o r o s i l a n e  s p i l l  i n  t h e  STC/'I'CS s t o r a g e  tank aYc . P i r c  h y d ~ a n t s  

have beet1 r e l o c a t e d  f o r  g r e a t e r  accessibility and eff- 'cct lveness.  

The r e v i s e d  wastc t reatmerlr  system requires  g rea te r  use o f  c a u s t i c  

and p r o c e s s  water for waste scrubbing and n e u t r n l i z a t i o n .  Ilighcsr d i s s o l v c d l  

suspended s o l i d  c o n c e n t r a t i o n s  and 11ighe.r wasrewater  flowrates into t h e  East 

Chicago sanitary sewer will r e s u l t .  Updated environmental  permit in fo rmat ion  

will be  t r a n s m i t t e d  to t h e  app rop r i a t e  a g e n c i e s  i n  A p r i l .  The revised 

wastewater  discharges should  n o t  adversely af fec t  perrnit approva l .  



1.1.2,4 Operutions Lia ison 

Opera t ing  personnel  p a r t i c i p a t e  i n  the f a c i l i t y  des ign  e f fo r t .  t o  

provide inputs and o b t a i n  p r o c e s s  Enrni l lnr i ry ,  

Opera t ions  r e p r e s e n t a t i v e s  adv i sed  t h a t  n p o r t i o n  QP t h e  prosant: s a n i -  

tary sewer l i n a  a t  t h e  Bast Cl~icago  s i t e  may b e  t o o  srnall t o  handle  t h e  now- 

increased BPSDU wastewater  Eloris, An a l t e r n a t e  " t i e - i n "  d e s i g n  was proposed 

which w i l l  be eva lua ted  i n  A p r i l ,  

A Eire-water loop has bean i n s t a l l e d  a t  t h e  Union Carbide p l a n t  a t  

Bast Chicago t o  supply t h e  fire-water and potable-water systelns f o r  EPSDU. 

A drawing showing t h e  actual  l o c a t i o n s  of t h e  ins ta l l ed  f i r e - w a t e r  loop  a t  

the EPSDU t a p - i n  p o i n t  was complotod, 

1 . 1 . 3  Equipment Design, S p c c i f i  ca t ion ,  Procurement 

The equipment r e l a t e d  effort i n c l u d e s  development of t h e  c o n t r o l  system, 

prepara t ion  of the p i p i n g  and i n s t r u m e n t a t i o n  d iagram,  p r e p a r a t i o n  of w i r i n g  sche- 

matics and c o n t r o l  pane l  drawings, and t h e  d e s i g n  of equipment, The s p e c i f i c a t i o n  

a c t i v i t y  i n c l u d e s  d e f i n i t i o n  of spec i f i c  requirements f o r  each item of equipment, 

p r e p a r a t i o n  of b i d  packages, e v a l u a t i o n  o f  vendor q u o t a t i o n ,  and p r e p a r a t i o n  of 

f i n a l  s p e c i f i c a t i o n s  and drawings.  Procurement i n c l u d e s  t he  i s s u a n c e  of procure-  

ment packages t o  selected vendors  and obtaining comprehensive design information 

n e c e s s a r y  for prepar fng  i n s t a l l a t i o n  drawings.  

The  design and procurement of each i t c n ~  o f  equipment is  accomplished 

th rough  the  combined e f f o r t s  of process engineers, equipment engineers, and 

ptnchasing a g e n t s .  TI~ese e f f o r t s  produce a s e r i e s  o f  docu~ments that evo lve ,  

u l t i m a t e l y ,  i n t o  n complete, d e f i n i t i v e  procurement package. The i n d i v i d u a l  

documents ( r e p r e s e n t a t i v e  samples a re  e x h i b i t e d  i n  Appendix A) and t h e i r  

r e s p e c t i v e  uses are  a s  follows: 



I t;unctiontil S p e c i f i c a t  i o n s  : ? h i s  s p e c i f  i c ~ i t i o n  (Exl~lb it A] is  rlcvol- 

opod by t h e  process e n g i n e e r  b n s ~ d  on p r o c c s s  r equ i rements  ref lcc tod 

i n  the procoss flow dlagrnrn, I lent/~nass balance, nnd p r o c a s s  cor~rrol  

sclteina, I t  d e f i n c s  t h o  d u t y  t h a t  this itcrn of  equipment ri~ust pcllForm 

fo r  t l ta  ovo rn l l  proccss systc;~n t o  o p e r a t e ,  

I Engi l iocr i~lg  S p e c i f i c n t i o n :  Using t h e  F u ~ ~ c t i o r ~ ~ l l  S p e c i f . i c n t i o n  3s a 

basis ,  t h o  oquipntont e n g i n e e r  detel.minos tho spec i f . i c  type o f  equip- 

ment necessary t o  satisfy t h e  p r o c e s s  ~*equ i ren len t s .  Th i s  t r a n s l a t i o n  

of process requirements  in . to  I~urdware-spcci f ic  inforrblntion is del. i n  i- 

nted i n  t h e  eng ineer ing  specification ( E x h i b i t  B ) .  

Iicquest f o r  Quotation (RFQ): - I ~ e q u e s t  f o r  Quota t ion form P U R  201 

(Exh ib i t  C ) ,  p r e p a i d  by t h e  cquipment engineer, sunlmnrizcs t h e  equip-  

ment r equ i rements ,  i d e n t i f i e s  vcnclors t o  be  c o n t a c t e d ,  and d o f i n c s  

the b i d d i n g  instruct i o n s .  Th i s  form p l u s  t h e  e n g i n e e r i n g  spccif  ica- 

t i o n  c o n s t i t u t e s  the RPQ pnckngc suhrni t tcd  t o  tllc purcl tns ing 

dcpnrtment f o r  t r a n s m i t t a l  t o  p o t e n t i a l  vendors .  Vendor q u o t a t i o n s  

a re  revieried by t h e  equipment e n g i n e e r  and,  based on a t e c h n i c a l ,  cost, 

and sc l ledule  e v a l u a t i o n ,  a  vcndor i a s e l e c t e d .  

Request fox Requis i t ion  (RFR) - : Tltc Request f o r  Rcquis it i o n ,  p repared  

by the equipment e n g i n e e r ,  c o ~ ~ s i s t s  of  the  RPQ package p l u s  t h c  B i d  

Eva lua t ion  Report t h a t  i d c n t i  fies t h e  s e l e c t e d  vcndor  and t h e  spec if i c  

equipment modal t o  b e  purchased.  The  RFR is  s u b ~ l l i t t c d  t o  purchas ing  

and s e r v e s  as t h e  t e c h n i c a l  bas i s  f o r  tl-lc purchnse  o rde r .  

I'urchase Order (PO)  : Purchase  Order form L334-3lLl ( E x h i b i t  D) , 
prepared  by t h o  p u r c h a s i n g  agent ,  d c f i n i t i z e s  t h e  ternls and c o n d i t i o n s ,  

d e l i v e r y  requirements ,  and b i l l i n g  i n s t s u c t i o n s  a p p l i c a b l e  t o  t h e  

p a r t i c u l a r  equipment and vendor.  This form s u p p l c m e ~ ~  ts t h e  t ecl tn ica l  

in fo rmat ion  co11tainec1 i n  t h c  RFIZ t o  p r o v i d e  a colnpletc procurement 

packago. When t h c  i n t e r n a l  review c y c l e  i s  completed and t h e  appxo- 

p r i a t e  approva l s  have bcen o b t a i n e d ,  t h e  va l ida t ed  1't:rcItaso Order i s  

i s s u e d  t o  the vendor. 



I 15rocuromont S t n t u s  Report (PSIZ): After t h o  order i s  placed, t o c h n i -  

c n l  perfonnanco is m o n i t o r ~ d  by onginoor ing pe r sonne l  n t ~ d  c o n t r a c t u a l  

porformnnce is  monitored by purchas ing  personr ls l .  S t n t u s  i s  r e f l o c t o d  

i n  the Procurement S t a t u s  Iloport. (The PSI1 f o r  blnrch, presented i n  

Appendix B ,  r a f l a c t s  tlze c u r r e n t  procuramt;nt s t a t u s  o f  a l l  EPSDU 

equipment. 1 

'I'hese s i x  documents s e r v e  ns m i l e s t o n e s  f c r  measuring perforlnnncc of 

the procurenlont cycle f o r  c n c l ~  item o f  oquip~nent .  

1 1 3 1 Process  Cont ro l  

'rho c o n t r o l s  systems e n g i n e e r i n g  e f f o r t  i n c l u d e s  a l l  a c t i v i t i e s  

a s s o c i a t e d  with deve lop ing  t h e  PBX diagram, des ign ing  p r o c e s s  c o n t r o l  loops  

and c o n t r o l  p a n e l s ,  s p s c i f y i n g  v a l v e s  and i n s t r u m e n t a t i o n ,  and preparing 

c o n t r o l  wi r ing  and pneumatic t u b i n g  diagrams. 

'rha d e s i g n  e f f o r t  i s  b a s i c a l l y  complete and t h e  procurement c y c l e  

has been s t a r t e d  f o r  a l l  i n s t r u m e n t a t i o n  except  t h a t  f o r  t h e  was te  treatment 

s e c t i o n .  RPQfs were i s s u e d  f o r  a major p o r t i o n  of  t h e  p r o c e s s  ins t rumenta -  

t i o n  as i d e n t i f i e d  on t h e  c u r r e n t  version o f  t h e  p r o c e s s  and i n s t r u m e n t a r i o n  

(P4.I) diagram r e l e a s e d  1:ebruaxy 15,  1980. The f o l l o w i n g  s p e c i f i c a t i o n s  

formed a p o r t i o n  of t h e  lil:Qt s: 

The " ins t rument  equipment l ist" (A-2145987) prov ides  s p e c i f i c a t . i o n s  

f o r  188 d i f f e r e n t  i n s t r u m e n t a t i o n  i tems f o r  t cmpera tu re ,  flow, 

p r e s s u r e ,  and l i q u i d  l e v e l  mcasuremcnt /s ignal  t r a n s m i s s i o n ,  l l ~ e s e  

i tems will bo l o c a t e d  on equipment and p i p i n g  th roughout  the 

process. 

'She "main ins t rument  p n n c l  s p e c i f i c a t i o n "  (A-2145988) i d e n t i f i e s  

over  20 i n s t r u m e n t a t i o n  items t o  be mounted i n  t h e  main c o n t r o l  

pane l .  These  i n c l u d c  t e m p e r a t u r e ,  f low,  p r o s s u r e  and l i q u i d - l e v e l  

c o n t r o l l e r s / r c c o r d e r s .  

The "au tomat ic  c o n t r o l  v a l v e  s p e c i f i c a t i o n "  (A-2145970) l i s t s  45 



nutomnt ic  vnlvcs roquirod for p r o c e s s  c o n t r o l ,  

Relny l v g i c  diagrams a r c  b e i n g  dovclopcd t o  onab le  s p e c i f i c n t i o l i  of  

r ho  xelny c i r c u i t  cquipmcnt, ntld dovalop~aent  of- t l la  s c h o ~ n n t i c  w i r i n g  diagrn~n. 

1.1.3.2 E l e c t r i c  Powcr Systom 

'I'llis e f f o r t  i n c l u d s s  a.11 o l e c t r j . c a 1  o ~ i g i ~ ~ o e r i n g  a c t i v i t y  rccjuirod 

t o  develop t h e  powcr c o n t r o l  nnd d i s t r i b u t j . o n  systems,  p r s p n r e  t h e  def l r ~ i t i v e  

o l c c t r i c n l  one- l i t l a  dingram, and s p e c i f y  e l a c t ~ * i c a l  ocluipmcnt, 

A t e c h n i c a l  and economic comparison of a d i r ec t  Northern  I n d i a n a  P u b l i c  

Service Company (NIPSCO) power-supply arrange:mcnt vs t h e  c u r r e n t l y  proposed UCC/ 

Linda in -p lan t  s u p p l y  arrangement f a v o r s  NIPSCO supply .  A l t e r n a t e s  f o r  a secon- 

dary source aF emergency power were also e v a l u a t e d  and t he  most r e l i ab l e  source 

s t i l l  appears t o  be  a diesel-powered amergency g e n e r a t o r  a t  t h e  EPSDU s i t e .  I f  

p r imary  power i s  Lost, the emergency generator w i l l  a u t o m a t i c a l l y  c u t  i n  and pro- 

vide a l e v e l  of  power sufficient t o  operate t h e  r e f r i g e r a t i o n  system, solne 

v e n t i l a t i o n  sys tems ,  and some l i g h t i n g  sys tems.  

'rhc e l e c t r i c a l  powcr equipment s p c c i f  i c n t i o n s  \rrere issuecl, Based on 

t h e  specli?i.cations, a l l  I lFR~s wore i s s u e d  i n c l u d i n g  t l losc  f o r  a 1500 KVA 

pr in iary  transformer, two 4 80V motor -con t ro l  centers, R I I ~  an olnergency gone- 

r n t o r ,  

The  11 .5 KV primary power will b e  s u p p l i e d  by  NIPSCO and is  r e f l e c t e d  

it1 the iss*:cd e l e c t r i c a l  o n e - l i n c  diagram, Illis diagram d e l i n e a t e s ,  through 

s i n g l e  l i n c s  and s i m p l i f i e d  symbols, component: d e v i c e s  and  c i r c u i t s  t h a t  

compri - e  t h e  e l e c t r i c a l  systenl. Tt d e p i c t s  the pa th  o f  energy t r a n s f e r  and 

i d e n t i f i e s  c i r c u i t  components and t h e i r  ra t  i n a s .  Thus, t h e  one- l i n e  diagram 

i s  a  conlplete representation of t h e  OPSDU e l e c t r i c a l  sys tem from t h e  rc- 

c e i v i n g  poirit t o  t h e  equipment. Typ ica l  in fo rmat ion  i n c l u d e s :  

e Power Supply  - Incoming v o l t a g e ,  f requency and short c i r c u i t .  



EPSDU incosring vol tngo is 11.5 hV, maximutn short  c i r c u i t  is 36.4 

MVA, and minirnu~n shor t  c i r c u i t  is 21 .7  MVA. 

'l 'runsfonrors - EPSDU includos a 1500 KVA, 11.5 KV/480 V power 

trnnsforrncr rvith on imp~danco  of  8.0%. Pour 480 V t o  120/280 V 

t ransformars  nye  d i s t t i i b u t e d  throughout t h e  plnnt f o r  l i g h t i n g ,  

I-IVAC, nnd other genera l  usos,  

Powsr D i s t r i bu t ion  Cnblc and Bus Ducts - size uncl capac i ty .  

Bracing - a l l  cquipn~ont must ba braced fo r  s h o r t  c i r c u i t .  

r Switch ganr - w i t h  p r a t e c t i v a  re lny ing  and equipraent t o  c o ~ i t r o l  

and p r o t a c t  l a rge  motors and t ransformers .  

a Motor Control  Ccntcr - with  prof tive devices  t o  con t ro l  and pro- 

t e c t  sma l l c r  size aquipment. EIISDU ~ l t i l i z a s  trvo motor con t ro l  

c o n t c r s  (btCC); howcvor, MCC It2 is used t o  d i s t r i b u t e  pawar only  to 

tllose iterns o f  equipment t h a t  must be  powered dur ing  a power f a i l u r e .  

A 300 Icw generator  is used for emergency power. 

a Motors P, I.ieators - horsepower and kw. EPSDU inc ludes  33 motors 

r a n g i n g  i n  s i z e  from 1 MP t o  75 HP and three 100 kw heators. 

The one - l i ne  diagram se rves  a s  t h e  b a s i s  f o r  spec i fy ing  t h e  electri- 

c a l  equipment, Figures  1 and 2 (drawing D-2145548) show t h e  electrical 

one - l i ne  diagram f o r  t h e  EJJSDU p r o j  cc t .  

1.1.3.3 Process Equipment - UCC Designed 

This  inc ludes  the in-house ef for t  necessary t o  develop and prepare  

t h e  complete design f o r  s p e c i a l i z e d  proces? equipment such as t h e  hydragcn- 

a t i o n  and froe-space r e a c t o r s  and d i s t i l l a t i o n  columns, 
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AShiE code c a l c u l n t i o n s ,  l i f t i n g / s u p p o r t  l u g  d e s i g n s ,  layout: 

d rawings ,  and we ld ing  procedures  were  conrplctcd f o r  t h e  s t r i p p e r ,  TCS, and 

DCS d i s t i l l a t i o n  columns. 'The f a b r i c a t i o n  drawings a r e  i n  work. Bngin- 

e e r i n g  des ign o f  t h e  packed-bed s i l a n e  colun~n was s tar ted and R P l l t s  were 

issued t o  tho Linde/Tonnwcnclz~ F a b r i c a t i o n  Department f o r  t h e  s t r i p p e r ,  ' K C ,  

and DCS columns. 

1.1.3.4 Process Equipnlenr - Vendor Designed 

This a c t i v i t y  i n c l u d e s  t h e  e n g i n e e r i n g  e f f o r t  a s s o c i a t e d  wi th  

spccifying and s e l e c t i n g  p r o c e s s  equipment such a s  compressors,  pumps, and 

t a n k s  t h a t  w i l l  be  des igned and f a b r i c a t e d  by commercial s u p p l i e r s .  

Equipment c l e a n i n g  p r o c e d u r e  tlSGS-I1l wa.s i s s u e d .  T h i s  p rocedure ,  

s p e c i f i c  t o  f a b r i c a t e d  equipment f o r  t h e  s i l a n e  p o r t i o n  of t h e  p r o c e s s  (e.g. 

s i l a n e  column, condenser ,  s t o r a g e  t a n k s ) ,  \ f i l l  b e  used by equipment s u p p l i e r s  

as a f i n a l  f a b r i c a t i o n  s p e c i f i c a t i o n .  For c h l o r o s i l a n e  s e r v i c e  up t o  t h e  

s i l a n e  column, an e x i s t i n g  s p e c i f i c a t j o n  (CS-40) was modif ied  t o  cover  a l l  

re1 e v a n t  equipment . 

Process  equipment s p e c i f i c a t i o n s ,  RFQts, and R F R T s  were i s s u e d  f o r  

f o u r  s i l a n e  t a n k s ,  twe lve  p r o c e s s  t a n k s ,  two r e d i s t r i b u t i o n  r e a c t o r s ,  one 

hydrogena t ion  reactor ,  t h r c e  s i l i c o n  b i n s ,  one p r o c e s s  pump, one thc rmino l  

pump, and two coo l ing-wate r  pumps. Process  equipment s p e c i f i c a t i o n s  and 

RPQ1s were i s s u e d  f o r  t r ~ e l v o  h e a t  exchangers. The hydrogenat ion r e a c t o r ,  

made o f  Incoloy 800-1-1, w i l l  c o s t  approx imate ly  $100,000 and r e p r e s e n t s  t h e  

most expensive purchase .  

1.1.3.5 A u x i l i a r y  Equipment 

T h i s  i n c l u d e s  t h e  e n g i n e e r i n g  a c t i v i t i e s  a s s o c i a t e d  with specifying 

and s e l e c t i n g  a u x i l i a r y  equipment such as h e ~ t i n g  and r e f r i g e r a t i o n  sys tems,  

i n s t r u m e n t  a i r  u n i t ,  and cool ing tower  t h a t  wi l l .  be  des igned and f a b r i c a t e d  

by  commercial s u p p l  i c r s  . 



Cquip~nent s e c i f i c a t i o n s  and RPRts rvere i s s u e d  f o r  tlla c o o l i n g  d tower and Tllcrminol hearer. An RFQ was issued f o r  t h e  c o o l i n g  water treat- 

ment system. A proposal was r e c e i v e d  f o r  Leasing one  TLI-1-9000 l i q u i d -  

hydrogen s t o r a g e  rank and one TM-6000 l iqu id -a rgon  s t o r a g e  t a n k .  

1.1.3.6 Support  Equipment - 
This  e f f o r t  i n c l u d e s  t h e  e n g i n e c r i n g  a c t i v i t i e s  a s s o c i a t e d  with 

s p e c i f y i n g  and s e l e c t i n g  commercia l ly-suppl ied equ ip~nan t  such as t r a i l e r s  

and materials-handling systems.  

Work was s t a r t e d  on t h e  s p e c i f i c a t i o n  f o r  the q u a l i t y  c o n t r o l  

l abora to ry .  The i n i t i a l  b i d  package was r e v i s e d  a f t c r  d i s c u s s i o n s  with 

s e v e r a l  p o t e n t i a l  vendors as t o  t h e i r  c a p a b i l i t i e s  and recommended p r a c t i c e s ,  

The RFQ f o r  thc modular 1aboraLury will b e  i s s u e d  soon f o r  a u n i t  SG f e e t  

long x 12 f e e t  w i d e  equipped wi th  a p p r o p r i a t e  work s u r f a c e s ,  c a b i n e t s ,  fume 

Iloods, and e l e c t r i c a l  and plumbing f i x t u r e s .  Thc samplo l i n e  t e r m i n a t i o n  

panel  w i l l  be  b i d  s e p a r a t e l y  as w i l l  t h e  a n a l y t i c a l  equipment,  A13 compo- 

n e n t s  will be  shipped to t h e  UCC East Chicago f a c i l i t y  f o r  assembly and 

clleckout p r i o r  t o  f inal  connec t ions  a t  the adjacent BPSDU s i te .  T h i s  flow 

of  work s11ould minimize o v e r a l l  c o s t s ,  Numerous vendor c o n t r a c t s  were made 

t o  he lp  s e l e c t  l a b o r a t o r y  f u r n i s h i n g s  which are a p p r o p r i a t e  f o r  t h e  t y p e  o f  

work t o  be pcrforri~ed and t h e  shor t - term n a t u r e  o f  t h e  f a c i l i t y .  

A p r e l i m i n a r y  l a y o u t  o f  t h e  sample l i n e  t e r m i n a t i o n  pane l  h a s  been 

developed. The pane l  face, 5 f e e t  h igh x 6 f e e t  wide, w i l l  a l low d i s p l a y  o f  

sample flow, pressure, and manual sample-stream s e l e c t i o n  f o r  t h e  47 p rocess  

sample p o i n t s .  Tllc pane l  w i l l  b e  des igned  t o  be main ta ined  a t  165'1: t o  

a s s u r e  t h a t  a l l  samples remain i n  t h e  vapor  pllase f o r  chromatographic analy-  

sis. S p e c i a l  c o r ~ s i d e r a t i o n  was given t o  s a f e t y  n d  environmental  concerns .  

A unique panel  face  v e n t i l l a t i o n  arrangement was des igned  t o  vent any smal l  

l eaks  d i r e c t l y  outdoors ,  and sandwich- type-const ruct ion i n s u l a t i o n  w i l l  keep 
0 t h e  panel f a c e  cool whi le  m a i n t a i n i n g  165 1: i n s i d e .  The d e t a i l e d  p a n e l  l ay-  

ou t  drawinzs and b i l l  o f  m a t e r i a l s  w i l l  be p repared  f o r  t h e  b i d  package. 



1.1.3.7 Other Equipment 

The s i l a n e  free-space r e a c t o r  and tllc melt ing/consol idat ing system 

are being developed as  par t  o f  t h e  Supporting RED and are descr ibed under 

Tasks 1.6.1 and 1.6.2, r e spec t ive ly .  

1.1.3,8 Data Col lec t ion  System -- 

This work item covers a l l  e f f o r t  requi red  f o r  t a i l o r i n g  and spec i -  

fy ing  a computerized da ta-co l lec t ion  system f o r  EPSDU, 

A meeting was held t o  review planned a c t i v i t i e s .  Work scheduled t o  

start  i n  February w i l l  b e  defer red  u n t i l  May, 1980, t o  permit  completion o f  

add i t i ona l  work on the  Process Control System, The main da t a -acqu i s i t i on  

computer w i l l  be  purcllascd i n  June 1980 f o r  de l ive ry  t o  Tonawanda i n  Janu- 

a r y  1981 fo r  check0u.t p r i o r  t o  reshipment t o  t h e  EPSDU site. Spec i f i ca t ion  

and ordering o f  input /ourput  equipment and per iphera l  equipment may be  

dc fe r r -d  u n t i l  e a r l y  1981, Designs f o r  t h e s e  items a r e  being con t inua l ly  

r e f i n e d  by suppliers, and order ing  too  e a r l y  might r e s u l t  i n  l e s s  cost-effec- 

t i v e  equipment. 

1.1.4 Insta1, la t ion Design, Spec i f i ca t ion ,  Subcontract 

This design e f f o r t  includes development of s epa ra t e  i n s t a l l a t i o n  

drawing packages f o r  t h e  s i t e ,  c i v i l ,  mechanical, and e l e c t r i c a l  s p e c i a l t i e s  

based on t h e  engineering design e f for t  and vendor-supplied information.  

Spec i f i ca t ion  a c t i v i t y  includes d e f i n i t i o n  of s p e c i f i c  requirements f o r  per- 

forming a l l  i n s t a l l a t i o n  func t ions .  Subcontract ing inc ludes  t h e  p repa ra t ion  

of b i d  packages, evaluatioil  o f  quotes ,  subcon t r a c t o r  s e l e c t i o n  and con t r ac t  

nego t i a t i on .  



1.1.4.1 Site Drarvin~ 8 Snacs 

This work item inc ludes  prepara t ion  of a l l  drawings and specs 

necessary f o r  rough grading, a s t a b l i s h i n g  drainage pat terns ,  i n s t a l l i n g  

fencing, providing base f o r  parking l o t s  and roads, and,  i f  necessary, 

obta in ing  temporary cons t ruc t ion  u t i l i t i e s .  

Prel iminary work has been s t a r t e d  on t h e  site drawings. 

1.1.5 Cost Estimating 

Cost engineers support t h e  des ign  e f f o r t  by providing cos t  estimates 

and cont ro ls  f o r  procuring equipment and i n s t a l l i n g  t h e  EPSDU. 

1.1.5.1 F a c i l i t y  Cost Estimate 

l l le major t a s k  was t o  prepare  a d e t a i l e d  cost est inlate  from in fo r -  

mation generated during tlie engineering design and equipment s p e c i f i c a t i o n  

a c t i v i t i e s  f o r  use i n  budgeting and monitoring and c o n t r o l l i n g  performance. 

The d e t a i l e d  f a c i l i t y  cos t  es t imate  was prepared based on t h e  

des ign  d e f i n i t i o n  f o r  EPSDU developed durilig the June-December 1979 "pre- 

engineeringtf phase. The cost  es t ima te  ~111 undergo f u r t h e r  refinement as de- 

t a i l e d  engineeying and equipment purchasing occur  under WBS items 1.1,1.2 and 1.3, 

Costs assoc ia ted  with Design/Procurement and Equipment Fabr ica t ion /  

Delivery agree q u i t e  well  wi.t.11 t h e  base l ine  estimates. f-lowever, t h e  cos t  

assoc ia ted  with Install ,ation/Chcck-out increased almost 30 percent  from the  

base l ine  cost .  Most of  t hesc  c o s t s  are f o r  t h e  cons t ruc t ion  sub-contracts ,  

and an accura te  cos t  will n o t  be known u n t i l  the sub-contracr b i d s  a r e  

re turned  i n  t h e  f a l l  of 1980. 



1.1.5.2 Engineer ing Design Support  

Cost eng ineer ing  a l s o  p r o v i d e s  suppor t  f o r  i n d i v i d u a l  des ign  o f f o r t s ,  

moni to r s  costs ,  and prepares  p e r i o d i c  c o s t  e v a l u a t i o n s  of e n g i n e e r i n g  des ign  

a c t i v i t i e s .  

A t l f i r s t - r o u n d l t  c o s t  improvement review was i n i t i a t e d  t o  i d e n t i f y  

t h c  c o s t  impact of a l l  f a c i l i t y  d e s i g n  changes t h a t  have occur red  s i n c e  t h e  

design W L ? S  b a s e l i n e d  i n  Docombox, 1979. S u b s t a n t i a l  c o s t  r e d u c t i o n s  i n  

s o v e r a l  a r e a s  a r e  oxpocted. 

1 .2  EQUIPMENT FABRICKI'ION/DELIVCRY 

Th i s  r e p o r t  i t o m  inc ludes  a l l  in-house and o u t s i d e  x t i v i t y  a s s o c i a t e d  

w i t h  f a b r i c a t i o n ,  d e l i v e r y ,  and vendor c o o r d i n a t i o n  f o r  a l l  i tems of equip- 

me11 t . 

Appropr ia te  J P L  c o n t r a c t  pass-down p r o v i s i o n s ,  Union Carbide  p rocure -  

ment p r o v i s i o n s ,  and equipment c l e a n l i n e s s  s p e c i f i c a t i o n s  have been p repared .  

Some purchase  o r d e r s  have been i s s u e d ,  b u t  t h e  bu lk  o f  t h e  procurement 

a c t i v i t i e s  i s  s c l ~ e d u l e d  f o r  t h e  n e x t  q u a r t e r .  The equipment procurement 

status is p r e s e n t e d  i n  Appendix B .  

1.5 COMhIERCIAL PROCESS ECONOMIC ANALYSIS 

This  r e p o r t  item i n c l u d e s  a l l  p r o c e s s  eng ineer ing ,  d e s i g n ,  and e s t i m a t i n g  

a c t i v i t i e s  n e c e s s a r y  t o  p r o v i d e  a d e t a i l e d  b a s e l i n e  inves tment ,  o p e r a t i n g ,  

and product  cost  f o r  a 1000 W / y r  con~mercial  f a c i l i t y  based  on EPSDU engin- 

e e r i n g  design informat ion,  and t o  p r e p a r e  subsequent upda tes  based on 

in format ion  from suppor t ing  RGD and EPSDU o p e r a t i o n .  



1.5.1 Process Design 

This e f f o r t  c o ~ ~ s i s t s  o f  preparing a process design packtrgc; f o r  a 

1000 b~'T'/yr f a c i l i t y  optimized f o r  comrnercial production. 

Functionnl Pnckngo - Baseline 

'Tha i n i t i a l  process design puckage i s  basad on data  avai l a b l e  fro111 

rho  EPSDU design e f f o r t .  T h i s  work has bean s t a r t e d  and w i l l  p a r a l l e l  t h e  

remaining CPSaU design e f f o r t .  

An examination of  p o t e n t i a l  p rocess  improveriier~ts f o r  t h e  l a r g e  

f a c i l i t y  was s t a r t e d  with t h e  goal of reducing product s i l i c o n  cost.  One 

bene f i c i a l  improvement was t h e  reduct ion  i n  DCS column pressure  from 320 

psiu. t o  about 170 ps i a .  Another i~nprovement was i n  t h e  interchanging of  

process  heat from the quench condensc,r t o  e i t h e r  p a r t i a l l y  b a i l  TCS i n  t h e  

TCS r ebo i l e r  or preheat: t h e  STC recycle t o  hydrogenation. While t h e  F o t e n t i a l  

f o r  cost  improvement is  b e t t e r  for the TCS r e b o i l e r  approach, it in t roduces  some 

possible i n s t a b i l i t i e s ,  Therefore, p rehea t ing  of the  STC recyc le  will b e  used. 

PROCESS SUPPORT R 6 D 

The support ing R 6 D program i s  s e p a r a t e  from the mainstream design 

e f f o r t  and inc ludes  a l l  a c t i v i t i e s  a s soc i a t ed  with a n a l y t i c a l  and experi-  

mental development of the  free-space r e a c t o r ,  melr ing/consol idat ian system, 

f lu id-bed  r e a c t o r  system, and q u a l i t y  con t ro l  techniqrrcs and procedures.  

Infornat ion generated on t h i s  program w i l l  be used f o r  t h e  EPSDU e f f o r t  and 

the commercial f a c i l i t y  economic ana lys i s .  

1 ,6 .1  Free-Space Reactor Development 

T h i s  development includes a l l  experiments and a n a l y s i s  necessary t o  

v e r i f y  design d a t a  f o r  the  free-space p y r o l y s i s  r e a c t o r  and t o  develop a  

new reac to r  model. 



1.6.1.1 PDU Experiments 

The process development u n i t  was o r i g i n a l l y  i n s t a l l e d  a t  UCC Pnrma and 

was used  dur ing  the Phases I and T I  program, It was t r a n s f e r r e d  t o  Tonawnndn, 

modi f i ed ,  i n s t a l l e d ,  and i s  befng used t o  conduct exper imenta l  tests t o  demon- 

s t r a t e  s t e a d y - s t a t e  o p e r a t i o n  and provide d e s i g n  d a t a ,  

The free-space r e a c t o r  PDU was assombled and n 1-hour shakedown run  

at 1 . 2  l b / h r  was made. Free-flowing dark-grey powder wi th  a b u l k  d e n s i t y  o f  

4.7 lb / f t3 was produced. 

Exper ience a t  Parma had i n d i c a t e d  t h a t  a mechanical  s c r a p e r  was r e q u i r e d  

t o  p reven t  p lugg ing  of the  r e a c t o r  by powder b r i d g e s .  The i n i t i a l  s c r a p e r  des ign  

Ear the  Tonawanda PDU performed p o o r l y  dur ing  p r e - s t a r t u p  r e s t s  and a number of 

m o d i f i c a t i o n s  were made t o  improve o p e r a t i o n .  These changes had  no t  been irnple- 

mented a t  t h e  t ime  o f  the  shakedown run and, as  a r e s u l t ,  t h e  scraper was not used .  

During f low ca l ib ra t ion  and s t a r t u p ,  diaphragm l e a k s  occured i n  b o t h  

silane r e g u l a t o r s .  The manufacturer  h a s  n o t  b e e n  a b l e  t o  e x p l a l n  t h e s e  i n c i d e n t s ;  

however, it seems likely t h a t  t h e  r e g u l a t o r s  were n o t  des igned t o  cope with t h e  

i n t e n s e  Joule-Thompson coo l ing  e f f e c t  of l a r g e  s i l a n e  f lo t is .  Several major 

changes  have b cen made t o  improve r e g u l a t o r  r e l i a b i l i t y  : 

Linde s i n g l e - s t a g e  silanc r e g u l a t o r s  have been in-  

s t a l l e d .  These offer s e v e r a l  design advantages  over 

t h e  Matheson h igh-pur i ty  r e g u l a t o r s  used initially, 

b u t  were not  a v a i l a b l e  u n t l l  r e c e n t l y .  

, A p r e h e a t e r  has been fabricated and I n s t a l l e d  t o  raise 

t h e  minimum t empera tu re  experienced by t h e  regu3.ators.  

#The silane purge system has been complete ly  revamped 

t o  e l i m i n a t e  dead-ended s e c t i o n s  of tubing. 

These m o d i f i c a t i o n s  e l i m i n a t e d  the si lane r e g u l a t o r  problem. 



A f t e r  t h e s e  improvements were made, and t h e  s c r a p e r  was i n s t a l l e d ,  two 

e x p e r i m e n t a l  r u n s  werc conducted with t h e  f ree - space  reactor PDU. The first run 

l a s t e d  approximate ly  8 hours  and t h e  second 24 h o u r s ,  T ~ Q  24-hour run marks t h e  

f u l f i l l m e n t  of the f i r s t  major  m i l e s t o n e  f o r  t h e  PDU work. A b r i e f  summary o f  t h e  

two exper imenta l  r u n s  i s  given below. 

Tlre f i r s t  run,  on Elarcll 4 ,  1980, proceeded smoothly for t he  first 

five hours  of  o p e r a t i o n .  A the rmal  c o n d u c t i v i t y  c e l l  was used to  a i d  i n  d e t e r -  

minimg off-gas cornposition. Although a l o n g  " t a i l t '  of a r g o n  i n  t h e  o f f -gas  

made i n t e r p r e t a t i o n  of the  d a t a  difficult, q u a l i t a t i v e  o b s c r v a t l o n  of khe f lame 

c o l o r  of the  v e n t  from t h e  c o n d u c t i v i t y  c e l l  showed a  v e r y  h i g h  convers ion  

e f f i c i e n c y  ('99%) . This  c o n c l u s i o n  i s  based on q u a l i t a t i v e  c r l  t e r i a  developed 

previously i n  Parma dur ing t h e  Phase I work. Run c o n d i t i o n s  werc as fo l lows :  

S i l n n e  flow: 4 - 96  lbm/hr 

Wall temperature :  1 5 6 0 ~ ~  (850'~) 

P r e s s u r e :  6.0 p s i g  

After  f i ve  hours ,  s c r a p e r  o p e r a t i o n  became e r r a t i c  and slow. A i r  

p r e s s u r e  t o  t h e  a c t u a t o r  was i n ~ r e a s e d  to t h e  maximum a v a i l a b l e  (100 p s i g ) ,  

b u t  a f t e r  7 .5  h o u r s  the  s c r a p e r  jammed i n  an u p s t r o k e  p o s i t i o n ,  A l l  a t t e m p t s  

t o  free t h e  s c r a p e r  by remote c o n t r o l  failed and the r u n  was te rmina ted .  

Approximately 0.5 hours  later, when the r e a c t o r  had cooled t o  1 2 0 0 ° ~ ,  the 

s c r a p e r  suddenly f r e e d  i t s e l f  and moved t o  t h e  top  of the reactor. 

Attempst t o  convey t h e  p roduc t  powder from the hopper  i n t o  55-gallon 

drums were h i n d e r e d  by the  poor  performance of  t h e  i n i t i a l  drumming system. 

The sys tem was r e s t r u c t u r e d  and conveying w a s  resumed w i t h  o n l y  f a i r  s u c c e s s .  

Examination of powder removed from the sys tem revealed numerous p i e c e s  of 

q u a r t z .  I n s p e c t i o n  of t h e  upper  s e c t i o n  of the r e a c t o r ,  u s i n g  a l i g h t - p i p e  

i n s e r t e d  through the spare s c r a p e r  p o r t ,  r e v e a l e d  that  the q u a r t z  r e a c t o r  l i n e r  

was s h a t t e r e d  and t h a t  p i e c e s  of  q u a r t z  were probably  b l o c k i n g  t h e  ou t l e t  of 

t h e  f l u i d i z i n g  cons. The manway was then  opened and t h e  remaining powder was 

vacuumed i n t o  a f i f t y - f i v e  g a l l o n  drum. Powder remaining a f t e r  vacuuming 

was f l u s h e d  from t h e  r e a c t o r  and s e n t  t o  the sewer.  The b u l k  d e n s i t y  of s i l i c o n  

powder from t h i s  run  was 0.26 gm/cc. 



Following a thorougtl I n s p e c t i o n  o f  t h e  r e a c t o r  and p i e c e s  o f  t h o  

broken l i n e r ,  it: wae concluded tha t  t h e  s c r a p e r  jam had o c c u r r e d  p r i m a r i l y  

because the silane had been turned o f f  each t ime t h e  scraper was used. T h i s  

p robab ly  d i s r u p t e d  t h e  flow p a t t e r n  i n  t h e  r e a c t o r  and could have l a d  t o  

e x c e s s i v e  s i l i c o n  d e p o s i t i o n  on t h e  l i n e r  w a l l s .  T h i s  caused t h e  fo rmat ion  

of rnecllanically s t r o n g  "glued" powder d e p o s i t s  t h a t  the s c r a p e r  could  not  

remove. The l i n e r  probably broke when t h e  s c r a p e r  f i n a l l y  jumped f r e e  and 

slammed a g a i n s t  t h e  r e a c t o r  head. 

The s c r a p e r  was redes igned  t o  c l o s e l y  model t h e  u n i t  used in Parma. 

The spec i f i c  m o d i f i c a t i o n s  were as fo l lows :  

Replacement: of t h e  G r a f o i l  packing w i t 1 1  h i g h - p u r i t y  

t e f l o n  rings. The GraEoi l  was a p p a r e n t l y  c o r r o d i n g  t h e  

scraper shaft and did n o t  appear to b e  compat ible  w i t h  

t h e  bearing ma te r i a l  used i n  the l a n t e r n  r i l ~ g .  The new 

packing g r e a t l y  reduced f r i c t i o n  i n  the stuffing box. 

W Installation o f  a modif ied lantern r i n g  with filled 

t e f l o n  sleeve b e a r i n g s  p ress - f i t :  on t h e  i n s i d e  d iamete r .  

T h i s  helped t o  locate t h e  shaft and e l i m i n a t e  the a l i g n -  

ment and galling problems encountered d u r i n g  January  

tests. 

8 Re-machining of the s c r a p e r  o u t s i d e  diameter to reduce 

i n t e r f e r e n c e  w i t h  the r e a c t o r  l i n i n g .  Boroseope examin- 

a t i o n  of the r e a c t o r  through t h e  unused scraper p o r t  

r e v e a l e d  s e v e r a l  p o i n t s  o f  i n t e r f e r e n c e .  

A d d i t i o n  o f  side braces t o  i nc rease  the r i g i d i t y  

of t h e  a i r  c y l i n d e r ,  Th i s  h e l p e d  to reduce  side 

l o a d s  on t h e  s h a f t  and lantern r i n g l b e a r i n g .  

The r e a c t o r  was bored o u t  t o  accommodate t he  new l i n e r s  which were 

somewhat larger than the  o r i g i n a l ,  and t h e  reactor w a s  reassembled. 



Tho second r u n ,  on Elarch 20, ran continuausly f o r  the scheduled 

24 hours. Two problems w o ~ o  encountered.  F a i l u r e  of a squnra  root ex- 

tractor and p a r t i a l  blockage of t ho  o r i f i c e  valve crippled t h o  silane flaw- 

control system early in the run.  This limited the f low t o  4 . 3  lbm/hr, 

slightly below t h e  original  target l a v e 1  o f  5.0 .Ibm/hr, After 11 I ~ o u r s  

of o p e r a t i o n ,  t h e  s c r a p e r  jammed; however, i t  \$as cvt;ntually fratsd by r e -  

v a r s i n g  i t s  d i r e c t i o n  s e v e r a l  times. A r o c u r r a n c c ,  22 hours  i n t o  the  run ,  

was a l s o  ovexconle. The c o n d i t i o n s  f o r  t h e  run  wore: 

Silane flow: 4 . 3  lbm/hr 

Temperature : 1 6 0 0 ~ ~  (870 '~)  

Pressure : 6 . 0  p s i g  

The o n - l i n e  chromatograph was operational t l ~ r o u g l ~ o u t  the run and 

gave excellent separat ion o f  t h e  s i l a n e  and inert  peaks, Silane convex- 

s io l i  as measured on t h e  chromatograph was o v e r  99.7%. The bulk density of 

t h e  s i l icon p r o d u c t  powder from t h e  24-hour r u n  was 0.27 gla/sec. 

Although the c o n d i t i o n  o f  t h e  r e a c t o r  liner and scraper a f t e r  t h e  

long r u n  has no t  y e t  been examined, s u c c e s s f u l  o p e r a t i o n  o f  t h e  PDU f o r  24 

hours  demonstra tes  t h a t  sus t a ined  opera t ion  at high silane feed rates i s  

feasible, 



1 6 . 1 2  Theoretical Analysis 

The conlputcr modol of the Eroa-space reactor has boen modified to 

include tho offocts of compressibility of the silane gas. Silanc is 

treated as an ideal  gas rvl~ose density dcpentls on temperature and pressure. 

This couplss tho conservation equations far nlomcntuln with tho energy equa- 

tion, and makes solutio~~ of the system of equations much more difficult. 

Substantial under-ralnxntion of the ccsfficients in the finite diffarencc 

equations must be used to prevent c l iv~rgence  of the computer solution. T h i s  

is a result of t h e  way t he  numerical scheme corrects t h e  velocity and pres- 

sure fields to satisfy continuity. As a result, convergence of  tho soltttion 

is extremely slow. Recent literature reports t h a t  thousands of iterations 

requi-ing ona I ~ o u r  of computer time (rcprcsenting a cost of roughly $1200 

on the IBFi 370) have been required to obtain a converged result: for problems 

involving compressible, rccirculating, cIlemically reacting flows. Although 

work is currently underway to sharply reduce run time, it appears unlikely 

that converged solutions for compressible flow in a free-space reactor sim- 

ulation with R/d c 20 will be obtainable with the current (TEACtIT based) 

program due to excessive cos t .  Convergence of the solution is much faster 

if the density is held constant. 

Convergent solurions to the system of equations desc r ib ing  the 

free-space reactor have finally beerr achieved for an R/d ratio equal to 20. 

Constant density flow had to be assumed to keep the cost of running the com- 

puter program from becoming prohibitively expensive, Initially, a 22 x 22 

grid was used, but the solutions generated were not at all grid independent. 

Altering the spacing of the grid points caused considerable change in the 

solution. Currently a 30 x 30 grid system is being used, Solutions for this 

number of grid points are less sensitive to changes in the grid spacing, and 

the results obta ined  (~arlicularly for the resttacl~menl 1.ength) appear more 

physically reasonable. Since a run of the program with a 30 x 30 grid costs 

about $70 and tIlc run-cost increases more than proportionately to an in- 



c rease  i n  the number of  g r i d  po in t s ,  using n f i n e r  g r i d  doesn ' t  seem worth- 

while. L i t t l e  i n ~ r o n s c  i n  accuracy could be axpactml, but t h e  run-cost 

riorlld increase  dramatical ly .  

The degroo of s i l n n c  convarsion predicted by t h e  model is s t rong ly  

c f f e c t e d  by t h e  reac t ion  r a t e  cons tan ts  and the value  of tllo h e a t  capac i ty  

chosetl t o  be r ep re sen ta t ive  of t h e  s i lanc-hydrogen-si l icon d u s t  mixture.  

Simulation runs i nd i ca t e  t h a t  t h e  r a t e  cons tan ts  repoyted by Joyce and Brad- 

ley appear t o  be reasonable.  The heat capac i ty  of hydrogen i s  roughly an 

o r d e r  of  magnitude h igher  than  t h o  hea t  " a p a c i t y  of s i l a n e  or  s i l i c o n .  Since 

the convection and reac t ion  terms a r e  t he  mnst: important i n  the energy aqua- 

t i o n ,  the heat capaci ty vnluc l a r g e l y  determines tllc temperature increase  

given a certain amount of heat  xeleasc by t h e  chemical r eac t ion .  Using t h e  

h e a t  capaci ty of s i l a n e  i n  t h e  model y i e l d s  h igh  temperatures and over- 

prsclicts t h e  reaction conversion. Using t h o  heat capac i ty  of: l~ydrogcn y i e l d s  

lorv temperatures and underpredicts  r eac t ion  conversion. Fol lowi~ig t h e  sugges- 

tion of Gallolqay, t he  r e c i r c u l a t i n g  f l u i d  i s  assumed t o  be a s t o i c l ~ i o m c t r i c  

mixture of h y d r o g ~ n  and s i l i c o n  d u s t .  Tho hea t  capac i ty  o f  such a mixture 

appears r ep re sen ta t ive  of what s l~ou ld  acLually e x i s t  i n  thp  reaccar ,  and 

s imulat ion r u n s  made with such a value show good agreement w i t h  experimental 

r e s u l t s .  With R/d = 20 and a s i l a n e  throughput of 5 lbm/hr, runs were made 

a t  wall temperatures o f  8 0 0 ° ~ ,  1 0 0 o O ~ ,  and 1 2 0 0 ~ ~ .  With a wall temperature 

of  8 0 0 ° ~ ,  t h e  s i l a n e  passed t l~rough t h e  r e a c t o r  conlpletely unreactud. A t  

~ O O O ~ K ,  t h o  r e a c t i o n  tcok place about half-way dorm t h e  r e a c t o r  and went t o  

completion, b u t  high concent ra t ions  of s i l a n e  \\rere p re sen t  a long t h e  r e a c t o r  

wall i n  t he  top  h a l f  of t he  r eac to r .  A t  1 2 0 0 ° ~ ,  the r eac t ion  took place very 

nea r  the jet: nozzle  and a l s o  went t o  conlpletion. Deposition on t h e  r e a c t o r  

nozz le  i s  a s t rong  p o s s i b i l i t y  under these  condi t ions .  Runs made a t  R/d = 10 

ind ica t ed  t h a t  increas ing  t h e  s i l a n e  througllput should have l i t t l e  effect  

on t h e  r e a c t i o n  conversion provided the  wall  temperature i s  high enough. If 

t h i s  proves t o  be t r u e ,  a r e a c t o r  o f  t h e  p re sen t  s i z e  may be capable of much 

h ighe r  throughputs than previously ant i c ipa t cd .  

Increased f l u i d  r e c i r c u l a t i o n  appears e f fec t ive  i n  promoLing g r e a t e r  

p a r t i c l e  growth. The  model predic ts  increased r e c i r c u l a t i o n  a t  high through- 



puts. Wlion t h e  s i l a n c  it; illjacted upward i n t o  tflo bottorn of  the r eac to r ,  

s imula t ing  the Parrna operat ing condi t ions ,  l a r g e r  particle sizes a r e  pro- 

d ic ted ,  The model confirms that: powdcr buildup on the r e a c t o r  wal l s  is 

due t o  i n e r t i a l  impaction of p a r t i c l e s  unable t o  follow t h o  f l u i d  stream- 

l i n e s  i n  regiorls of s t rongly  tu rn ing  f low.  Operating tlic; rc i ic tor  a t  higher  

pressures  iilcronsos the s i l a n ~  concent ra t ions  and leads  to more r ap id  com- 

p l e t i o n  of the r eac t ion ,  Tile lleut released by t h o  py ro lys i s  reaction i s  

p r imar i ly  rcsporlsiblc f o r  hea t ing  t h e  incoming s i lane t o  the r e a c t i n g  tem- 

pe ra tu re .  Conversion is poor upon s t a r t u p  because the  incoming silane i s  

heated so l e ly  by t h e  r e a c t o r  wall u n t i l  the r e a c t i o n  becomes e s t ab l i shed ,  

F u t u r e  work on the  free-spaco reac to r  model should concent ra te  on 

inves t iga t ing  the in f luence  o f  t h e  i n j e c t o r  p o s i t i o n  on t h e  flow f i e l d  and 

r e a c t i o n  conversion, and on incorpora t ing  p a r t i c l e  e f f e c t s  i n t o  t h e  model 

to provide a b o t t e r  c a p a b i l i t y  f o r  analyzing p a r t i c l e  growth and powder 

build-up. Oticc t h e  maximum t l ~ r o u g l ~ p u t  o f  t h e  experimental r e a c t o r  has been 

determined, t h e  r a t e  corlstants i n  t h e  model should be adjusted t o  match t h e  

]node1 p red ic t ion  t o  t h e  experimental r e s u l t .  The model can then  be used t o  

s i z e  the prcposed EPSDU r e a c t o r ,  

'Re  design and developn~ent e f f o r t  necessary t o  obta in  a r e l i a b l e  

me l t e r  f o r  EPSDU involves UCC and sub-contractor  e f f o r t .  

1 . 6 2 1  Flolter System Subcontract 

The in-house e f f o r t   involve^ e s t a b l i s h i n g  and managing t h e  sub- 

con t r ac t  and sub-contractor development, design, and f a b r i c a t i o n  e f f o r t s .  

A sub-contract was signed w i t h  Kayex Cqrporation f o r  t h e  development 

o f  a s i l i c o n  mel te r  system f o r  EPSDU. The s i l i c o n  consol ida t ion  scheme i s  

based on melting t h e  powder i n  a  quar tz  c ruc ib l e  and dropklng molten s i l i c o n  

s h o t  from t h e  c r u c i b l e  bottom i n t o  a cooling tower where the shot  i s  s o l i d i -  

f ied.  



Sub-cantract work was started on March 1, 1980 a1.d will be cora- 

pleted in August 1981. The goal of the pro jec t  is to design and build a 

melting/consolidating system suitable for installation in the EPSDU. 

Kaycx spent the first month developing a program plan and calculating the 

approximoto tower height required to solidify silicon shot. 

1 . 6 . 2 . 2  Process Analysis 

UCC is also performing consolidation process analyses geared toward 

supporting the melter sub-contract effort and EPSDU design activities. 

A theoretical model for silicon shot cooling was developed at UCC 

and the results were discussed with Kayex personnel in Tonaivanda on March 26. 

Several aspects of sho t  casting were investigated. The process of 

droplet formation through an orifice by the formation of individual drops 

and by the breakup of a liquid jet were investigated to determine how to 

control shot size and tllc ra ie  of shot production, The solidification of a 

spl~arical drop l e t  falling in a cooling tower was studied t o  predict the 

height of the cool ing tower required to completely solidify the droplets 

formed. The dynamic response of the shotting system to changes i , n  the various 

design and control variables was investigated to dctermine the best means of 

controlling and monitoring the system operation. Tho requirements of the 

cooling system for the shotting tower were also calculated. 

Calculations show that shot larger than 2 mm in diameter cannot be 

completely solidified in a 20-foot high cooling towe-. Shot of the desired 

size (1-2 mm diameter] can be formed at rates comparable 'to the proposed 

EPSDU throughput by forcing molten silicon through a 1 mm orifice at veloci- 

ties corresponding to the varicose region, where drops form by jet breakup. 

Droplets  formed at low flow velocities through orifices of reasonable s i z e  

are too large to solidify completely. Hydrogen ox helium should be used 



as tl lc cooling gas i n  t h e  s h o t t i n g  tower, s i n c e  their high t h e r ~ n a l  conduc- 

t i v i t i e s  enhance convective heat t r a n s f e r  s i g n i f i c a n t l y  and r e s u l t  i n  a 

f a s t e r  s o l i d i f i c a t i o n  of t he  d r o p l e t s ,  

Thc c o n t r o l l a b i l i t y  of  t h e  s h o t t i n g  system doponds on t h e  r a t i o  of  

t h e  a r e a  of the  c r u c i b l e  bottom t o  the c ros s - sec t iona l  a r e a  of t h e  o r i f i c e .  

Use o f  a c ruc ib l e  with a small diameter  increases  t h e  s e n s i t i v i t y  of t h e  

melt  he ight  and flow ve loc i ty  through t h e  nozzle t o  changes i n  t h e  powder 

feed  rate, pressure  d i f f e r e n t i a l  ac ros s  t h e  melt ,  and o r i f i c e  diameter.  

The possible problem of  o r i f i c e  plugging o r  e ros ion  can be most e f f e c t i v e l y  

lnonitored by observing t h e  shot  s i z e  and throughput through t h e  system. 

The cool ing  requirements f o r  the s h o t t i n g  tower a r e  minimal. 

The r e s u l t s  obtained from t h e  t h e o r e t i c a l  model will be  used by 

Kayex t o  guide pre l iminary  designs f o r  t h e  sho t t i ng  system. The ana lys i s  

suggests  t h a t  experiments should bc conducted t o  determine t h e  s e v e r i t y  of  

t h e  problems of o r i f i c e  plugging o r  e ros ion ,  and t o  determine t h e  a b i l i t y  of 

p a r t i a l l y  s o l i d i f i e d  d rop le t s  t o  su rv ive  impact a t  t h e  bottom of t h e  tower. 

Liquid s i l i c o n  expands a s  it s o l i d i f i e s .  Since tllc d rop le t  expands from t h e  

o u t s i d e  sur face  inward, s i g n i f i c a n t  thermal s t r e s s e s  can develop t h a t  could 

f r a c t u r e  the  d rop le t .  These s t r e s s e s  a r e  func t ions  of  t h e  diameter o f  t h e  

d r o p l e t  and t h e  r a t e  of s o l i f i c a t i o n .  In  add i t i on ,  t h e  p a r t i a l l y  s o l i d i f i e d  

d r o p l e t  may f r a c t u r e  upon impact a t  t h e  bottom of t h e  tower i f  t h e  s h e l l  i s  

not  thick enough t o  w i t h s t a ~ d  t h e  shock. Attempts t o  p r e d i c t  t h e  c r i t e r i o n  

f o r  f a i l u r e  of t h e  s h e l l  are complicated by t h e  lack  of information 011 t h e  

mechanical p r o p e r t i e s  of s i l i c o n  a t  Irigh temperatures.  This problem must 

a l s o  be resolved experimental ly ,  

1.6.3 Fluid-Bed Development 

This development progran inc ludes  a l l  analyt ical ,  experimental,  and 

design e f f o r t  a s soc i a t ed  with developing a f luid-bed r e a c t o r  as an a l t e r n a -  

t i v e  o r  backup system t o  the  f ree-space  reactor. 



Fixed-Bed Deposition 

A s p e c i a l  apparatus  was designed, f ab r i ca t ed ,  and used t o  perform 

fixed-bed depos i t i on  experiments. 'I'llis program was succes s fu l ly  completed 

and the  t e s t  data  generated w i l l  be used i n  designing t h e  f luid-bed s i l a n e  

py ro lys i s  PDU. Tes ts  with a fixed-bed, i n s t e a d  of a f l u i d  bed, r e s u l t e d  i n  
ob ta in ing  the  c r i t i c a l  s i l a n e  concent ra t ion  curve and tllc depos i t ion-sa te  

data quickly and inexpensively. The s p e c i f i c  ob jec t ives  of  t h e  fixed-bed 

experiments wore : 

a. To determine heterogeneous dccamposition r a t e  o f  s i l a n e .  

b. To def ine  bed temperatures and s i l a n e  feed concent ra t ions  

which favor  heterogeneous depos i t ion  and minimize homo- 

geneous decornpositio~i. 

c. To q u a l i t a t i v e l y  descr ibe  depos i t i on  morphology. 

The s p e c i f i c  ob jec t ives  of t h e  fixed-bed experiments were a l l  

s tud ied .  The depos i t ion  rate measurements agreed favorably with l i t e r a t u r e .  

Homogeneous decomposition was minimized by determining t h e  dependency of 

decomposition on s i l a n e  concent ra t ion  and temperature.  Tllc conclusion of  

t h e  growth morphology was t h a t  a s t rong  s o l i d  bond could be achieved. 

Rate measurements showed t h o  decomposition of  s i l ane  t o  be a first- 

o rde r  irreversible r eac t ion .  Tlle r a t e  measurements a l s o  showed no composition 

o r  ve loc i ty  dependency i n  t h e  r e a c t i o n  wi th in  t h e  range o f  d a t a  co l l ec t ed .  

The r e s u l t s  of t h e  k i n e t i c  r a t e  s tudy  compared we l l  with l i t e r a t u r e ,  espo- 

c i a l l y  with t h e  work of ~ v e r s t e i ~ n ' ' )  as fol lows:  

( ' )Evcrstei jn ,  F. C. and Put ,  O .  I!., J. Electrochem, Soc.: So l id  S t a t e  
Science and Technology, 120, 10.3 (1973) 
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A f u r t h e r  comparison shows t h e  a c t i v i a t i o n  energy f o r  heterogeneous decomposi- 

t i o n  t o  be 37 kcal/mole from E v e r s t e i j n t s  r a t e  study and 39 kcal/mole from 

t h i s  k ine t i c  r a t e  study, 

The dependency of s i l a n e  homogeneous o r  heterogeneous decomposition 

on t h e  concent ra t ion  of s i l a n e  and the  temperature i s  descr ibed  a s  the c r i t -  

c a l  s i l a n e  concentrat ion curve (Figure. 3 ) .  The d i s t i n c t i o n  between homogene- 

ous and heterogeneous decomposition, which i s  presented a s  a band i n s t e a d  of  

a d e f i n i t i v e  l i n e  because o f  t h e  s e l e c t i o n  of the temperatures,  seems t o  be 

an extant ion o f  MurthyTs d a t a .  A t  20% s i l a n e  concent ra t ion ,  t h e  temper- 

a t u r e  band i s  650 t o  670'~. A t  10% s i l n n e ,  t h e  temperature band i s  700 t o  

750°c, and a t  1% s i l a n e ,  the  temperature band i s  820 t o  8 9 ~ ~ ~ .  These r e s u l t s  
wore determined wi th  a packed bod of high-puri ty  unetched s i l i c o n  p a r t i c l e s .  

If t h e  s i l i c o n  p a r t i c l e s  a r e  washed wich an ac id  and then etched, t h e  

r e s u l t s  change. The heterogeneous decomposition region was lowered by ap- 

proximately 5 0 ' ~  (Figure 4 ) .  The c r i t i c a l  s i l a n e  concentrat ion curve f o r  

e tched h igh-pur i ty  s i l i c o n  l i e s  somew1lere between t h e  d a t a  o f  Eve r s re i jn  123 

and Murthy, 

Heterogeneous decomposition using unetched s i l i c o n  p a r t i c l e s  i n  t h e  

bed r e su l t ed  i n  nodular and f i b e r  s i l i c o n  growth with t h e  dominant type  

be ing  f ibrous  (F igure  5 ) .  Use of  acid-washed and etched s i l i c o n  p a r t i c l e s '  i n  

t h e  bed s t rong ly  reduced f i b e r  growth (Figure 6 3 .  The s i l i c o n  depos i t s  on 

( ' ) ~ u r t h ~ ,  T.V.II.S., e t  a l ,  J .  Crystal  Growth 33,  1 (1976). 

( 2 ) ~ v e r s t e i j n ,  F. C . ,  Ph i l i p s  Res. Repts. - 26, 134 (1971).  
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tho etched p a r t i c l e s  were dense, coherent ,  and well  a t tached  t o  the  par t ic le  

surface. Analysis of t h e  acid-washed and etched s i l i c o ~ l  p a r t i c l e  su r f ace  

ind ica ted  a l a r g e  reduct ion of  metal contamination and rentoval o f  surface 

residue.  These f a c t o r s  must be  con t r ibu t ing  t a  t h e  favorable reduct ion of 

sur face  f i b o r  growth. 

The fixed-bed experiments supplied valuablo information for t h e  

design o f  t h o  f i s s t -gene ra t ion  f lu id-bed  silane py ro lys i s  development u n i t ,  

Important information was gathered i n  t h e  a r eas  of s i lane decomposition 

r a t e s ,  hetaxogenaous versus homogeneous s i l a n e  deconrposition, and the  mor- 

phology of  heterogeneous decomposition. 

I n i t i a l l y ,  the fixed bed was d i f f i c u l t  t o  a p c r a t e  properly.  I-tow- 

ever,  a f t e r  stable ten~pcxature equi l ibr ium %as es t ab l i shed  througl~out  t h e  

bed and o t h e r  opera t iona l  techniques improved, r e l i a b l e  data was obtained. 

Acid-washing and etching of the high-puri ty  silicon p a r t i c l e s  d e f i n i t e l y  

affected t h e  r e s u l t s  o f  t h e  c r i t i c a l  s i l a n e  concentrat ion curve (haterogen- 

cous versus homogeneous decomposition) and probably t h e  r a t e  data. I t  i s  

uncertain i f  acid-washing w i t l ~ o u t  ctcllillg i s  s u f f i c i e n t  t o  accomplish t h e  

same r e s u l t s ,  

I t  is  recommended t h a t  a l l  f u r t h e r  f lu id-bed  work be performed with 

high-puri ty  s i l i c o n  chat i s  acid-washed and etched a f t e r  t h e  s i l i c o n  i s  

ground and screened. This procediare s h o ~ ~ l d  a l s o  be s tandard ized  and docu- 

mented so t h a t  f u r t h e r  experimental r e s u l t s  gathered can be compared on a 

common basis. 

The r e s u l t s  of t h e  fixed-bed experiments i n d i c a t e  that  a f luid-bed 
0 s i l a n e  pyrolys is  reactor can operate a t  10% s i l a n e  and 650 C. T h i s  is an 

excellent: opera t ing  po in t  because: 

a. The r eac t ion  r a t e s  a r e  h igh  a t  t h i s  temperature and complete 

s i l a n e  conversion can be r e a l i z e d  i n  a small  f l u i d  bed. 

b. Hydrogen rcquirements are  reasonable a t  these temperatures.  



c ,  The high silrtne concontrat ion tnakes fluid-bod opera t ion  cco- 

nomical. 

1 . G .  3.2 Fluid iza t ion  Experimsnr; With I n e r t  Gas 

T h i s  t e s t  program, started in 1979, c o n s i s t s  of p n r t i c l a  separa t ion  tes t f i  

and capacitive hea t ing  tests .  The former are being conducted in a special 6-inch 

p y r e x  r eac to r ,  and t h e  l a t t e r  i n  a 2-inch s t a i n l e s s  s t e e l  reactor. 

P a r t i c l e  Separat ion T a s t s :  

The 14-inch diameter p l a s t i c  boot and t h e  vacuum hopper were in-  

s t a l l e d  on t h o  6- inch  diameter pyrex column. Test No. 1 3  was run using a 

bed o f  wide p a r t i c l e - s i z e  d i s t r i b u t i o n  nt 1/6 atmosp11crc cf helium, For t h i s  

t e s t ,  a f t e r  every o the r  boot sample was ex t r ac t ed ,  s i l i c o n  was added t o  t h e  

column using the vacuum llopper. This maintained t h e  bed a t  a constant  he igh t  

over t h e  test. per iod.  By observing t h e  f l u i d i z a t i o n  i n  t h e  boot ,  opera t ing  

c h a r a c t e r i s t i c s  o f  t h e  system have been determined. The r e s u l t s  presented 

in  Figure 7 show t h a t  co~ltinuous sepa ra t ion ,  a t  high boot/column diameter 

r a t i o s  varying from a minimum of 2 t o  a maximum of  3, has been demonstrated. 

For t h i s  t e s t ,  v e l o c i t y  a t  t h e  top  of t h e  boot va r i ed  from 0.G t o  0 . 8  f t l s e c  

and t h e  U/Umf a t  t h e  bottom of t h e  column was botrveen 1.G and 2.6. 

With t e s t  No. 15, continuous p a r t i c l e  s epa ra t ion  has been demon- 

strated f o r  a s i l i c o n  bed depleted 33% i n  volume and 31% i n  p a r t i c l e  s i z e  

w e r  a t e s t  per iod o f  17.5 hours  by e x t r a c t i n g  4 5 0 - 5 0 0 ~  mean p a r t i c l e  s i z e  

s i l i c o n  i n  0.9-lb increments. A U/Umf of 2 was mnintained at t h e  bottom of 

t h e  6-inch column, while  t h e  U/Umf a t  t h e  t op  of  t h e  boot  was gradual ly  de- 

creased from 10 t o  7 over t h e  t e s t  period.  It was necessary t o  dccrease the 

boot v e l o c i t y  as t h e  bed mean s i z e  became smal le r  i n  o rder  t o  prevent  a 

mixing type of  s lugging flow after withdrawal of ma te r i a l .  An a l t e r n a t e  

opinion which was not: t r i e d  would be  t o  reduce t h e  quan t i t y  of s i l i c o n  re- 

moved. On the  average, it took about one hour for the  boot t ube  t o  r e f i l l  

with coarse s i l i c o n .  This  is  about 2.5 times longer  than what was required 

when the bed was maintained at cons tan t  s i z e  (Test  No 1 3 ) .  



FLUIDIZATI ON TIFIE, HOURS 

NOTE: TEST NO. 13 SILICON OF WIDE PARTICLE SIZE DISTRIBUTION @- TULPORARILY LOST SEPARATION MIEN TEST WAS 
0.17 - 0.20 AT11 HELIUI, 0.6 -' 0.8 FTjSEC BOOT VELOCITY INTERRUPTED Ikl? 1ED I ATELY AFTER EMPTY I NG 

BOOT OF COAitSE PARTICLES. 

FIGURE 7 PARTICLE SEPARATION I'lITH 1-1/2 INCII BOOT, TEST NO. 13 



Tho completed tests i d e n t i f i e d  t h e  ope ra t ing  parameters f o r  pnr- 

t i c l c  separa t ion  using the  14-inch diameter boot nssembly. Tl~ase tosts were 

conducted w i t 1 1  helium and n i t rogen  at: reduced pressures  t o  s imulate ,  respec- 

t i v e l y ,  hydrogen a t  1 arm and 680°c, and hydrogen a t  1.44 arm and 21'~. The 

separa t ion  c r i t e r i o n  was wl~ctllor the boot tube  r e f i l l e d  with coarse p a r t i c l e  

s i z e  s i l i c o n  (;I = 450 - S O N )  f o l l o t ~ i n g  t h e  e x t r a c t i o n  of: about 500 grams 
P 

of  s i l i c o n  fram t h e  bottom of  t h e  boot.  This  quan t i t y  is about 70% of t h e  

boot  volume, and i s  thc maximum amount t h a t  can be withdrawn a t  one Lima 

without c r e a t i n g  a  mixing type  of  s lugging flow i n  t h e  boat f o r  t h o  v e l o c i t i e s  

which will normally be used. The column bed was maintained a t  constant  vol- 

ume and p a r t i c l e  s ize (x = 1 8 5 ~ )  by rep lac ing  s i l i co r l  w i t 1 1  previously 
P 

withdrawn samples. The r e s u l t s  of t h e  work axe summarized i n  Figures 8 and 

9. I t  i s  expected t h a t  i f  t h e  amount of s i l i c o n  withdrawn is  reduced t o  a 

smal le r  percentage of t h e  boot tube  volume, t h e  curvcs de f in ing  t h e  region 

o f  no separa t ion  w i l l  s h i f t  upward, 

Capaci t ive I4eating Tes ts  : 

Tl~e  l a s t  of the  s e r i e s  of  Iligll tempei'ature t e s t s ,  Tes t  No. 25, was 

completed using a  now high-puri ty  s i l i c o n  bed of 22& mean p a r t i c l e  s i z e .  

Capacitive h e a t i n g  was operated f o r  4 6  hours a t  an average inpu t  power of 

200 watts.  Operating temperature ranged fram 575'~ t o  760 '~  (666'~ mean). 

For t h e  f i r s t  20 hours, t h e  bed ilnpcdance averaged 5.3 a ,  about  what it 

should b e  f o r  t h e  f i e l d  geometry. For t h e  l a s t  26 hours ,  t h e  impedance 

averaged 10.G Q. 'I'he roason f o r  t h e  change i s  not known, The s i n t e r i n g  r a t e  

was 6 , 3 %  per  day, Tho mean impedance f o r  the t e s t  run was 8 . 3  0. Based on 

e a r l i e r  work, a 1 2 %  s i n t e r i n g  r a t e  would be expected. Bed/Wall AT averaged 

10-15'~. A summary report  w i l l  be  presented i n  t h e  next q u a r t e r .  

The next s e r i e s  of t e s t s  examined e l e c t r i c a l  c h a r a c t e r i s t i c s  of 

mul t ip le  e l ec t rodes  in  a l a r g e  (6-inch diameter) f luid-bed column, which 

i s  t h e  s i z e  of t h e  PDU being designed. An ex tens ive  number of e l e c t r i c a l  

c h a r a c t e r i s t i c  measurements have been made wi th  t h e  e l ec t rode  assembly in- 

s t a l l e d  i n  t h e  6-inch diameter f luia-bed column. Tes ts  were conducted with 

helium and n i t rogen  a t  pressures  of 0.1, 0 .5 ,  and 1.0 atm and a t  U / U m f s  
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Prom 1 t o  4. 

Electroda spacings o f  0.63, 0.82,  1.00, 1.19, 1.38, and 1.55 

inches were examined a t  bed penetrations varying from 1 t o  8 inches. Some 

general p a t t e r n s  were observed, The s i l i c o n  bed r e s i s t i v i t y  measurements 

made i n  n i t rogen  increased w i t h  U/Umf and dacrcased w i t h  pressure. Resis- 

t i v i t y  appears t o  be  c o n s t a n t  f ox  U/Utnf greater than 4 .  The helium 

measurements d id  not exh ib i t  any dependency on pressure o r  ve loc i ty .  

The maximum e l ec t rode  spacing i n  n i t rogen  was 1.0 i ~ l c h ,  Beyond 

this, i t  was not poss ib le  t o  ob ta in  f l u i d  d i e l e c t r i c  breakdown with the 

power system used. Spacing of  1.55 inches i n  helium was poss ib le .  Since 

the  d i e l e c t r i c  constant for hydrogen i s  between n i t rogen  and helium, oper- 

a t ion  of t h e  1-inch diameter e l ec t rodes  i n  a 6-inch dianlotor fluid-bod 

reactor appears f eas ib l e .  Some e f f o r t  w i l l  be r equ i r ed  t o  corre la te  these  

da t a  and the  2-inch diameter capacitive h e a t i n g  reactor  d a t a  so  t h a t  a 

matching t ransfo~mer  network having t h e  requi red  f l e x i b i l i t y  can be  spec i f i ed .  

Evaluation Fixed-BedlFluidization 

This e f f o r t  consists o f  t h e  ana lys i s  uf t h e  d a t a  from t h e  fixed-bed 

and f l u i d i z a t i o n  experiments f o r  a p p l i c a b i l i t y  f o r  designing t h e  f lu id-bed  

PDU . 

An evaluat ion r epor t  i s  being prepared t o  p re sen t  t h e  r e s u l t s  of 

t h e  c r i t i c a l  s i l a n e  concentration curve de texn~ina t ion  and silano decomposi- 

t i o n  r eac t ion  r a t e  cons tan t  study. The f i n a l  c r i t i c a l  silanc concentration 

curve l i e s  between t h e  curves defined i n  t h e  l i t e r a t u r e  by Eve r s t e i jn  and 

Murthy. The ca lcu la ted  a c l i v i a t i o n  energy f o r  s i l a n c  decomposition from o t ~ r  

data is 39 kcal/mole whi.ch compares well with ~versteijn's value of 37 kcal/mole. 

The agreement for reac t ion  r a t e  constants is  also favorable, as shown in the 

following: 



k ,  r a t e  cons tan t  (mi=-') 

Evers t e i  j n  This Work 

0.012 0.010 

0.040 0.026 

0.096 0.112 

1.6.3.4 Fluid-Bed Pyrolysis  (PDU] 

This work i tem cons i s t s  of  a l l  e f f o r t  assoc ia ted  with t h e  design,  

f a b r i c a t i o n ,  and t e s t i n g  of an oxper in~enta l  u n i t  t o  e s t a b l i s h  design data 

for an EPSDU-scale system. 

Design of  t h e  fluid-bed p y r o l y s i s  PDU was s t a r t e d .  A prel iminary 

flow s h e e t  and PBI diagram were i ssued and reviewed. Tho r e a c t o r  cons i s t s  

of  a 6-inch p ipe  about 6-Eect long which is  a t tached  t o  a 5-foot long expan- 

ded head Id-inches i n  diameter. S i l i c o n  p a r t i c a l  s epa ra t ion  and withdrawal 

is made i n  a 1%-inch diameter boot  d i r e c t l y  under t h e  6-inch pipe.  

After  eva lua t ing  a number of  p o s s i b l e  i n s t a l l a t i o n  loca t ions ,  t h e  

f lu id-bed  PDU w i l l  be i n s t a l l e d  i n  t h e  same explosion-proof tes t :  c e l l  t h a t  

now houses t h e  free-space r e a c t o r  PDU. A number of safety f e a t u r e s  will 

have t o  be enforced as  a r e s u l t  of p u t t i n g  two PDUfs i n  a s i n g l e  t e s t - c e l l .  

These requirements were i d e n t i f i e d  and w i l l  be  implemented. By i n s t a l l i n g  

t h e  f luid-bed PDU i n  t h e  e x i s t i n g  test c e l l ,  both PDUTs can use  t h e  s i l a n e  

feed and exhaust vent  systems c u r r e n t l y  being used f o r  the  free-space 

r e a c t o r ,  This is  cos t  e f f e c t i v e  and should  reduce t h e  i n s t a l l a t i o n  schedule.  

1.6.3.5 Fluid-Bed Proccss Design For EPSDU 

T h i s  work i tem, which inc ludes  p repa ra t ion  of a process  design 

package, cos t  es t imate ,  and economic ana lys i s  f o r  a t e s t  u n i t  t h a t  could be  



t e s t e d  as an add-on u n i t  t o  EPSDU, vi l l  use t h e  PDU work as a b a s i s .  

1 ,G. 3.6 Fluid-Bed Wodel Update 

The fluici-bed ]nodel developed under  Phase I of  t h i s  c o n t r a c t  is 

being updatod t o  r e f l e c t  c u r r e n t  d a t a  and requ i rements .  

The conlputer model f o r  s i z i n g  t h o  s i l a n e  p y r o l y s i s  f l u i d  bed f o r  

d iameter  and bed he igh t  a t  a  s p e c i f i e d  p e r c e n t a g e  s i l a n t ;  c o n c e n t r a t i o n  uses  

t h e  r a te  data  of ~ v e r s t e i j n ,  The ntodel was updated by i n c o r p o r a t i n g  t h e  

r a t e  d a t a  r o s t t l t i n g  from t h i s  work. The r e s u l t  of t h e  upda te  rins a calcu-  

l a t e d  bed s i z e  about 1 2 %  l a r g e r ,  i n  t h e  t empera tu re  range of 575' t o  675'~.  

1.6.4 Q u a l i t y  Control  

This t a s k  includes a l l  a c t i v i t i e s  a s s o c i a t e d  with t h e  development o f  

q u a l i t y  c o n t r o l  equipment, t e c h n i q u e s ,  and p roccdures  f o r  use d u r i n g  ESPDU 

opera t ions .  

1.6.4.1 S i l a n e  Analysis - Slim-Rod Deposi t ion 

This e f f o r t  i n v o l v e s  t h e  des ign ,  f a b r i c a t i o n ,  and o p e r a t i o n  of a 

i a b o r a t o r y - s c a l e  r e a c t o r  t o  develop a t echn ique  f o r  analyzing silane. This  

technique i s  based on d e p o s i t i n g  a substantial amount o f  s i l i c o n  on a hea ted  

slim rod and c h a r a c t e r i z i n g  t h e  s i l i c o n  d e p o s i t  by e l e c t r i c a l  measurements. 

The flow c o n t r o l l e r s ,  o rdered  l a s t  August and r e c e i v e d  l a t e  t h i s  

q u a r t e r ,  have been i n s t a l l e d . .  The s i l ane  purge  gas l i n e s  axe  complete and 

have been l e a k  t e s t e d .  E x c e l l e n t  p r o g r e s s  was a l s o  made on t h e  e l e c t r i c a l  

power supp ly  panel .  The  h i g h - c u r r e n t  DC power u n i t  and the  h igh-vo l tage  AC 

power c o n t r o l l e r s  were o p e r a t e d  and perfoxlned as s p e c i f i e d .  The c o n t r o l  

panel ,  complete except f o r  t h e  mass flow c o n t r o l  u n i t  f o r  t h e  ep i taxy  

r e a c t o r  system, was moved t o  . the l a b o r a t o r y  area f o r  f i n a l  connect ion.  F i n a l  

checkout s h o u l d  b e  completed b e f o r e  the  mid-April s a f t e y  review, Pre l iminary  



ope ra t ing  i n s t r u c t i o n s ,  wr i t t en  i n  prepara t ion  f o r  t h e  review, will be  k ina l -  

i zod  a f t e r  t h e  u n i t  i s  operated and t h e  a n a l y t i c a l  methods are developed. A 

supply of  s i l i c o n  seed rods is on hand and an ingo t  of nominally 60 n cm P-type 

s i l i c o n  was ordered s o  t h a t  a d d i t i o n a l  seeds can be  ~nado. 

1.6.4.2 Silane Analysis - Direc t  Measurement 

This work item covers t h e  invzs t iga t ion  of a n a l y t i c a l  techniques f o r  

t o t a l  carbon a n a l y s i s  and chromatographic methods for  boron and phosphorus. 

The determinat ion of  t r a c e  l e v e l s  of phosphine i n  s i l a n e  can be 

achieved with a de t ec t ion  l i m i t  of about G pa r t s -pe r -b i l l i on  (ppb) u t i l i z i n g  

a gas chromatograph with a photo ioniza t ion  de t ec to r .  T h i s  method s l ~ o u l d  b e  

u t i l i z e d  t o  augment o the r  a n a l y t i c a l  techniques f o r  s i l a n e  q u a l i t y  con t ro l  

i n  the planned 100 W/Yr s i l a n e - s i l i c o n  EPSDU. The d e t e c t i o n  of low l e v e l s  

of  diborane by chromatographic s epa ra t ion  from s i l a n e  was not succes s fu l .  

A l t e r n a t e  methods of ana lys is  f o r  t h e  important e l e c t r o n i c a l l y  a c t i v e  

spec i e s  should b e  explored. 

The Union Carbide Corporation process u t i l i z e s  the high v o l a t i l i t y  

of s i l a n e  advantageously as a means f o r  removing harmful i m p u r i t i e s  through 

convent ional  d i s t i l l a t i o n .  One of the  c loses t  boiling impur i t i e s  p* ten- 

t i a l l y  present  i n  s i l a n e  [bo i l i ng  po in t  -112°~)  is phosphine ( b o i l i n g  p o i n t  

-87.4'~).  Phosphorus is  an extremely poten t  donor-type impurity i n  s i l i c o n  

and i s  not e a s i l y  removed by normal un id i r ec t iona l  f r eez ing  methods during 

c r y s t a l  growth (segrega t ion  c o e f f i c i e n t  = 0.35). Rapid, h i g h - s e n s i t i v i t y  

a n a l y s i s  of t h e  s i l a n e  intermediate  provides important advantages f o r  con t ro l  

of s i l 2con  q u a l i t y  and t rouble-shooting f o r  t r a c e  contaminants. 

If analytical methods were a v a i l a b l e  f o r  accu ra t e  de te rmina t ion  of 

phosphine, t he  most v o l a t i l e  phosphorus compound, cont ro l  of product  s i l i c o n  



q u a l i t y  could b e  e f f ec t ed  by t h o  on-l ine add i t i on  o f  con t ro l l ed  mounts of 

pllosphine, Measuring t h o  l e v e l  of phosphine i n  s i lane i n  t h e  low part-par- 

b i l l i o n  range i s  important f o r  assess ing  t h e  performance of  t h e  f i n a l  s i l a n e  

d i s t i l l a t i o n  column, c o r r e l a t i n g  s i l a n e  q u a l i t y  with f i n a l  s i l i c o n  q u a l i t y ,  

OT providing a means f o r  on - l ine  doping t o  achieve c o n s i s t a n t  q u a l i t y  s i l i c o n .  

Tho determinat ion of trace q u a n t i t i e s  of e l e c t r i c a l l y  a c t i v e  impur- 

i t i e s  i n  zilano and ch lo ros i l ancs  has been h i s t o r i c a l l y  performed by' deduc- 

tion from t he  r e s i s t i v i t y  va lue  of  s i l i c o n  films produced by decomposition 

o f  t h e  s i l a n e  i n  quest  ion .  Other methods, sucll as subs to ich iometr ic  

separa t ion  - i so tope  d i l u t i o n  mass spectroscopy, low temperature i n f r a red  

spectroscopy, and w e t  chemistry methods have been proposed, bu t  all, r equ i r e  

t h e  use of expensive equipment, time consuming s t anda rd iza t ion ,  or precon- 

cen t r a t ion  steps. The purpose of t h i s  p re sen t  work was t o  develop an 

a n a l y t i c a l  technique which was r ap id ,  q u a n t i t a t i v e ,  and capable of ready 

app l i ca t ion  t o  on- l ine  q u a l i t y  con t ro l  of  s i l a n e  p u r i t y ,  

A chromatographic t e c l ~ n i q u c  has been developed ril~ich can determine 

t h e  l eve l  of phosplli l~e i n  s i l a n e  a t  a de t ec t ion  l i m i t  of about 3 parts-per-  

b i l l i o n ,  The h e a r t  of t he  technique js t h e  use of  a photo ioniza t ion  de t ec to r  

~ i h i c h  is p a r t i c u l a r l y  s e n s i t i v e  t o  phosphine. A GOW-MAC 550 chromatograph 

was equipped with an [[Nu, 10.2 electron v o l t  photoionizatiosi de t ec to r  oper- 

ating a t  1 2 0 ~ ~ .  The separation column was 6 f e e t  of 1/8-inch O.D.  s t a i n l e s s  

steel tubing packed with Poropak P ,  60-80 mesh. A t  an oven temperature of 

50'~ and 24 cc/min helium c a r r i e r  flow, a 0.5 c c  sample of 13  p a r t s  phosplline 

i n  helium was e lu ted  in 1.46 minutes (Figure 1 0 ) .  The t o t a l  a r ea  of 829679 

corresponds t o  a response of 8.42 x 1013 a r e a  counts/gram of  phosphine. 

E lu t ion  time and volume were reproducible .  

A gas blend of 1 par t -per -mi l l ion  pllosphine i n  si lane was prepared. 

The cllromatogram o f  this sample, Figure 10, c l e a r l y  shows t h e  s i l ane  e lu t ion  

a t  0.92 minute followed by t h e  phosphine peak a t  1.42 nlinutes. I n  t h i s  case, 

t h e  in t eg ra t ion  ca l cu la t ion  u t i l i z g d  a ' ' tangent skimt1 method s i n c e  t h e  l a rge  

silane volume had not been completely e lu t ed .  Using t h o  same s e n s i t i v i t y  

( l ) ~ u s a ,  A. Rev. Sc i .  Instruin., Vol. 47,  No. 2, February 1976, P. 224 
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Chromatogram of 13 ppm pH3 in He 

d-~ I n j e c t i o n  

TIFfE TYPE AREA ID f/ AMT 

1.46 1 834316 1 13.13 PPM 

TOTAL 13.13 PPM 

I n j e c t i o n  Chromato~ram of 1 ppm PH, in Si lane  

-L 0.92 
(Silane) - " 1.42 (Phosphine) 

TIM3 TYPE AREA ID i/ Aa3T 

.60 489 151 

.92 SM 1827126 
1.42 T 7256 7 1 1.142 PPM 

TOTAL 1.142 PPM 

Equip : Gow Mac - 550 
Carrier: He at 24 cc/min, 
Column : 6.0-ft. x 1/8-inch OD, S.S. 

Poropak P, 60-80 mesh 
Oven ~ e m p :  50° 
Sample : 0.5 cc 
Detector: HNu 10.2 ev Photoionization type 

T; I G U R E  10, TRACE PtIOSFHINE DETECTIOV 
BY CHROlrdATOGRAPMIC METHOD 



f a c t o r  determined f o r  t he  phosphinc-only case,  tho  c a l c u l a t ~ c l  quan t i t y  of 

phosphint; was determined t o  be 1.142 parts-per-mil l ion.  Thus, i t  was con- 

f i rmed t h a t  i n  t h e  presence of  s i l a n a ,  phosphine i n  t r a c e  levels can be  

s e p a r a t e l y  e l u t e d ,  t h a t  the s e n s i t i v i t y  of t h e  photo ioniza t ion  d e t e c t o r  t o  

phosphine is  unaffected by t h e  presence of s i l a n e ,  and t h a t  t h o  "tangent 

skimtt rnotl~od of  peak area  deterrninnt ion is  s a t i s f a c t o r y .  

For pa r t -pe r -b i l l i on  l e v e l s  o f  phosphine, t h e  sample s i z e  could 

bc increased t o  1.0 cc. Samples larger  than 1-2 cc would not be as cffec- 

t i v e ,  because they  would tend t o  overload t h e  colulnn and wash out t h e  

s e n s i t i v i t y .  Assuming a 1.0 cc sample size and an u l t ima te  s e n s i t i v i t y  of 

200 area counts f o r  t h e  " tangent  skim", t h e  limits of  de tec t ion  of phos- 

plline would be 3 p a r t s - p e r - b i l l i o n .  

Boron Analvsis : 

Chromatographic de t  crmination of low l e v e l s  of dibornno i n  s i l a n e  

was no t  successfu l .  To c s t ab l i s l l  t h e  type  of chromatographic column which 

would q u a n t i t a t i v e l y  e l u t e  diborane and t o  e s t a b l i s h  d e t e c t o r  s e n s i t i v i t y ,  

gas mixturas conta in ing  1% diborane i n  helium and 3 %  diborane i n  s i l a n e  were 

prepared.  Since diborane i s  extremely r e a c t i v e  with moisture,  ca re  was taken 

t o  thoroughly dry  t h e  Ilelium c a r r i e r  gas,  column packing, sampling valve, and 

a s soc i a t ed  plumbing. The f i r s t  problem encountered and solved was t h a t  a 

s imple,  hot-wire ty-pe thermal conduct iv i ty  d e t e c t o r  exh ib i t ed  a non-repro- 

duci b l e  wsponse  t o  diborane. Detector  s e n s i t i v i t y  v a r i e d  with t h e  sample 

i n j e c t i o n  frequency. A s w i t c l ~  t o  a thermistor- type d e t e c t o r ,  which opera tes  

a t  a much lower temperature, appeared to so lve  t h a t  problem so  that a repro- 

ducible d e t e c t o r  response was measured f o r  a given quantity of dlborane in j ec t ed .  

With n s e n s i t i v i t y  of 500 area c o u n t s / 1 0 - ~  gm of diborane  on the GOW-MAC 

500/HP 3388 unit used,  t h i s  provided an u l t i na t e  d e t e c t i o n  l i m i t  of 50 ppm. 

Several column packings were evaluated first  t o  achieve a delayed 

(with respect  t o  t h e  c a r r i e r  gas f l aw) ,  y e t  q u a n t i t a t i v e  e l u t i o n  o f  diborane, 



and then l a t e r  t o  achieve a d i f f e r e n t i a l  e l u t i o n  volume between dibxone 3rd 

s i l a n e .  Since diborano is thermal ly  uns tab le ,  a low temperature con t ro l  system 

was provided t o  eva lua te  chromatographic s epa ra t ion  a t  temperatures a s  low as 

1 4 0 ~ ~ .  

TABLE I1 

COLUMN PACKING EVALUATION FOR DIBOIUNE 

Mixture 

Packing Diboranc/Hcliurn Diboranc/Sil ane 

Carbopack No e l u t i o n  - 
Si l i con  Oil No e l u t i o i ~  - 
Dioctylphthalatc  OK No sepa ra t ion  

Poropak QS No e l u t i o n  - 
n-hexadecane 0 K No sepa ra t ion  

0 A l l  t e s t s  were performed over  a temperature range uf -/10" ro +40 C. 

Since t h e s e  column packings cover a broad spectrum of p o l a r i t y  and 

a c t i v i t y ,  the chance of  f ind ing  a sui table  system f o r  achieving good separa- 

t i o n  does not: appear promising, React ive techniques s i m i l a r  t o  t hose  appl ied 

to t h e  determination of hydrocarbons i n  silarie do not  work well wi t11  diborane 

s i n c e  diborane, r a t h e r  than  t h e  s i lane,  i s  t h e  more reactive with  most 

common reagents ,  Fur ther ,  even i f  a chromatcgraphic s epa ra t ion  could be 

achieved,  t he  modest de t ec to r  s e n s i t i v i t y  would g ive  a lower l i m i t  o f  detec-  

t i o n  o f  only about 50 ppm. Other d e t e c t o r s ,  such as flame photometric o r  

photo ioniza t ion ,  are not very s e n s i t i v e  t o  boron as compared t o  the exce l l en t  

r e s u l t s  which can be obtained with phosphorus compounds, 

Further ana lys i s  revea ls  t h a t  diboranc 's  r ap id  hydro lys is  i n  water,  

as compared wi th  s i l a n e ,  o f f e r s  a p o s s i b l e  wet chemical technique whereby a 

r e l a t i v e l y  large volume of s i l a n e  could be  bubbled through a c i d i f i e d  water.  



The a c i d i f i e d  water could t han  be analyzed f o r  boron us ing  s tandard  methods 

of  conrplexing with curcumin o r  carmitiic acid and measuring its UV absorbance. 

1Vith t h e  poor  d e t e c t o r  response t o  diboranc and tho  f a i l u r e  t o  

achieve a s i g n i f i c a n t  chromatographic separa t ion  between diboranc and s i l a n e ,  

work i n  t h i s  area has been suspended. 

S i l anc  Analysis - Epitaxy 

T h i s  effort includes the design, f a b r i c a t t o n ,  and operation of an epi- 

taxial reactor to develop methods f o r  measuring silane p u r i t y  use during EPSDU 

operation, T h i s  technique is based on measuring t h e  resistivity of an e p i t a x i a l  

l a y e r  of deposited s i l i c o n  t o  determine si lane purity. 

Tho cont ro l  system f o r  t h e  ep i taxy  r e a c t o r  is being incorpora ted  

i n t o  t h e  slim-rod r e a c t o r  e l e c t r i c a l  panel .  A l l  components have been 

received except f o r  t h e  mass flow coi l t ro l le rs  which are  now scheduled fox 

e a r l y  Apr i l  de l ivery .  A l l  o f  t h e  r e a c t o r  p a r t s  have been prepared f o r  i n t e r -  

connecting . 

A supply of 10 Cl cm P type  wafers,  30 mm diameter is  on hand f o r  

i n i t i a l  opera t ion .  A supply of  N and P type wafers has been o ~ d e r e d  f o r  

June de l ive ry .  Since it is not  known which impurities w i l l  dominate EPSDU 

s i l a n e ,  t h e  ep i taxy  t e s t  w i l l  u t i l i z e  one wafer of each type,  Thus, e i t h e r  

a P-N ox an N-P junct ion w i l l  be  grorvn and t h e  r e s i s t i v i t y  of  t h e  ep i t axy  

film measured conveniently with a  conventional four -poin t  probe. 

1.7 MANAGEMENT AND DELIVERABLES 

The b a s e l i n e  package of t h e  Performance Measurement System (PMS) was 

prepared. The Monthly F inancia l  and Management Report, s t a r t i n g  with t h e  

month o f  January 1980, is being prepared i n  accordance with t h e  PMS. The 

r epor t  conta ins  a summary of t e c h n i c a l ,  cos t ,  and schedule s t a t u s  and pro- 



j ec ted  cos t  and schedule t~ i t l l  emphasis on t h e  fol lowing s i x  months. The 

information i s  presented through c o r r e l a t i o n  of  sclledule and f i n a n c i a l  per- 

formance a t  tlie lVo~k Itom leva1 with t h e  llork Breakdown S t r u c t u r e  [WBS), 

Basel ine Cost Estimatas, and Program Plan. The Program Plan provides, among 

otIlc;r th ings ,  t h e  d c t s i l a d  schadulo and monthly o r  bi-monthly mj.lcstoncs t o  

be reachcjd, 

Based on t h e  nnaJ.ysis technique der ived  from t h e  Performancl; hlanngement 

System CPMS], t l lc repor t :  

i nd i ca t e s  t h e  progress of work 

a relates c o s t  arrd schedule performancc 

i d e n t i f i e s  cos t  and schedule problems and t h e i r  sources 

def inas  t h e  impact of problclns and c o r r e c t i v e  a c t i o n  

r pro jec t s  changes i n  the oslimated cost  th rough  conipletion 

The following major milestones were roached t h i s  qua r t e r :  

\VBS NO, ZIiles tone Descript ion of  Major Milestone 

1.1.3.2 f A) E l e c t r i c a l  one-l ine d iagran~ i ssued .  

CD) Elec t r ica l .  Power System cquj.pmon.t s p e c i f i c a t i o n s  

complete, RFR' s issued.  

1.1.5.1 I A) BPSDU F a c i l i t y  Cost es t imate  issued. 

1.2  (A] Quar te r ly  Procurement S t a t u s  Report (PSR) i s sued .  

1 . 6 . 1 . 1 . 3  C 5) F i r s t  s i l a n e  decomposed i n  Free-Space Reactory 

(FSR) - powder sample a v a i l a b l e  f o r  shipment. 

1.6.1.1.4 (c) Run No. 1 in FSR complete - in te rna l  r e p o r t  i s sued .  

1.6.1.2.2 CF3 I n t e r n a l  r e p o r t  i s sued  on development of new 

PSR model. 

1,6,2.1.2 ( B )  Sub-contract s igned f o r  development of melter. 

1.6.3.1.3 CAI I n t e r n a l  r epo r t  issuod on Fixed-Bed Deposition 

experiments. 



lY BS No. Hfles tone 

1,6.3,3 (c) 

1.7.3 [A) t h ru  (C) 

1.7,s (A) thru (C) 

Dascript ion of Major Milostones 

I n t e r n a l  r epo r t  i s s u e d  eva lua t ing  s i l i c o n  deposi- 

t i o n  experimcnls i n  n f ixed-bed  raactor. 

Draft r e p o r t  completed on Cl~romatographic Mothods 

fo r  Boron $ Phosphorus Detarrnj nation. 

Epi taxy  r e a c t o r  f i n a l  process flow sheet and 

equipment purchnso ordars  i s s u e d .  

Epitaxy r a a c t o r  i n  p l a c o  and ready f o r  system 

connections. 

blontkly Finitncial and Mal~agemont Roports for 

December 1979 and January, February 1980 issucd. 

Montl~ly 'rechnical Prograss Reports for Docember 

1979 and January, Fel~ruary 1980 issued. 

Second Bi-montl~ly JPL/UCC review held. 

Quarterly 'i'echnical Progress Report f o r  t h e  4 t h  

quarter 1979 i s sued ,  

Program Plan and PPlS Basel ine i s s u e d .  

I-lydrogonation Reactor Design memo issued. 

Chromatograpl~ic blethods f o r  Boron 4 Phosphorus 

Determination memorandum issued .  



SBC'I'ION I 11. CONCLUSIONS 

l l l e  s i g n i f i c a n t  h i g h l i g h t s  and co~ic lus ions  are prasontad according t o  lPBS 

nm~bors .  

1.1.1 Process Design 

The hydrogenation des ign  was completed w i t h  a c!~ange t o  the  M-G 

s i l i c o n  convoying system from a dense-phase pneumatic systonr t o  a 

f l e x i b l e  screw conveying systom wlzich i s  simpler and more economical. 

For t h e  purpose of de f in ing  t h e  pyrolys is  reac tor /mel te r  builcl ing,  

preliminary s i z ing  and configuring of  the f ree-space  r e a c t o r ,  meltor, 

and the quality con t ro l  labora tory  were mnde. 

a A l l  four  d i s t i l l a t i o n  columns wore designed and t h e i r  procurement 

s p e c i f i c a t i o n s  have been wr i t t en .  

The equipment dry-out procedure f o x  p l a n t  s t a r t u p  was completed as 

well as t h e  function s p e c i f i c a t i o n  f o r  t h e  dry-out n i t rogen  heater. 

The waste stream n e u t r a l i z a t i o n  scheme was a l s o  completed with t h e  

dec i s ion  t o  use c a u s t i c  soda to n e u t r a l i z e  a l l  waste streams i n  one 

conmon tank.  

The waste-burner test was completed. The t e s t  report and the EPSDU 

burner func t iona l  s p e c i f i c a t i o n s ,  o r i g i n a l l y  sclleduled f o r  completion 

i n  February, w i l l  be i ssucd  i n  Apr i l .  

1.1.2 Facility Layout 

The layout drawings were completed and are ready for review, These 

drawings incorpora te  the rev lsed  waste treatment system, environ- 



mental cons idera t ions ,  and personnel safety. 

1.1.3 EquipmontDesign,, Spec i f i ca t ions ,  Procurement 

a The electr ical  one- l ine  diagram was completed and issued.  Work i s  i n  
progress on the  scl~ematic wiring diagram. 

+ Process control frlstrumcnt s p e c i f i c a t i o n s  have been i ssued  to obta in  

vendor quotat  ions, 

m Requests i o r  requisition (IIPR's) For process equipment were issued 

for twenty-six major itoms. 

r Equipment specifications f o r  t h e  e l ec t r i ca l  power system wore com- 

p l e t e d ,  wd a l l  RFRis v:me i ssued .  

1.1.4 Installation Design, Specificat ion 

Design and drawing work ha;  bee11 i n i t i a t e d  on schedule f o r  EPSD'J site 

prepara t ion ,  

1.1,s Cost Estimating 
7 

e 'rile detailed cost estimate for EPSDU was completcd based on d e f i n i t i o n  

developod during June-December 1979 pre-engineering a c t i v i t i e s ,  Costs 

f o r  Report Items I. 1 and 1 . 2  are compatible w i t 2 1  the PMS base l ine  

costs;  hrjwever, t h e  c o n s t r ~ ~ c t i o n  sub-contract  cos t  ( R I  1 . 3 )  is  

higher  than b a s e l i n e  cost. 

1.2 EQUIPMENT FMRTCATTON/DELIVERY 

Validated purchase orders were issued f o r  t h e  power supply, three  pt~mps, 

the  therminol heater, arid the cooling tower, Some delays i n  i s s l t ing  



purchase o rde r s  were experienced, b u t  t h i s  w i l l  be cor rec ted  i n  the  

comf ng quartox. 

1.5 COMMERCIAL PRQCBSS ECONOMIC ANALYSTS 

r Inputs  necessary f o r  heat and mass balance work have been prepared, and 

t h e  work was s t a r t e d  on schedule.  

1.6 PROCESS SUPPORT R6D 

1.6.1 Free-Sp~co ReacTor Development 

r Successful  s tar t -up of  t h e  free-space r e a c t o r  PDU was accomplished i n  

January. 

Improvcn~ents were made t o  t h e  powder scraper design and t h e  s i l a ~ z e  

feed valving . 
r Af te r  t h e  above modif icat ions,  t h e  PDU ;{as operated cont inuously 

24 hours a t  an average silane feed ra te  of 4 . 3  l b / h r .  

a More experimentation i s  r equ i r ed  t o  p r o t e c t  t h e  qua r t z  l i n e r  from 

breaking during long-duration operat ion.  

1.6.2 Melting/Consolidation 

Kayex Corporation won t h e  mol t e r  sub-cont rac t ,  and work was i n i t i a t e d  

in March. 

1.6.3 F l ~ i d - B e d  Development 

Deposition r a t e  experiments i n  a fixed-bed a t  6 2 5 ' ~  have ind ica ted  t h e  

r a t e  t o  be first order .  

r Continuous sepa ra t ion  of course p a r t i c l e s  from a f l u i d  bed was 



demonstrated i n  a 6-inch diameter bed having a  &inch diameter boot. 

a A prel iminary PGI d iagram f o r  tlte f lu id-bed  py ro lys i s  PDU was com- 

p le ted  f o r  review. 

1 . 6 . 4  Quality Cant rn l  

a A chromatographic tecIinique has becn developed f o r  determining trace 

l eve ls  of phosphinc i n  s i l ane .  Using a photo ioniza t ion  de t ec to r ,  

phosphine was r e l i a b l y  detected in s i l a n e  a t  t h e  one par t -per -mi l l ion  

l e v 1  with s e n s i t i v i t y  such t h a t  t h e  est imated de tec t ion  l i m i t  ap- 

pears t o  be  th ree  pa r t s -pe r -b i l l i on .  

The slim-rod reac tor  i s  being assembled and completion i s  expected 

within one month. 

C s x ~ l o t i o n  of epi taxy r e a c t o r  is expected within 4 t o  6 weeks. 

1.7 MNAGEEiENT 6 DELIVERABLES 

a The approved Baseline PMS package was issued. 

m The Monthly t echn ica l  r e p o r t  and t h e  f i n a n c i a l  and management r e p o r t  

were formatted i n  accordance with the Baseline PMS s t a r t i n g  w i t h , t h e  

January 1980 submit tal .  



SECTION IV. PROJECTED qUARI'ERLY ACTIVITIES 

1,1,1 Process Design 

Final  EPSDU process design package w i l l  b e  completed. 

Equipment layout  w i l l  be reviewod and approved during t h e  next  re-  

po r t ing  pe r iod .  

The func t iona l  s p e c i f i c a t i o n s  f o r  t h e  waste t reatment  s ec t ion  w i l l  be  

completed. 

1.1.2 F a c i l i t y  Design 

The f a c i l i t y  layout drawings w i l l  be issued. 

The Ea.c i l i ty  s a f e t y  review w i l l  be  completed 

a The s c a l e m o d e l  work w i l l  s t a r t .  

1.1.3 - Equipment Design 

A prel iminary schematic wir ing  diagram w i l l  be  completed. 

a The RFRts f o r  f i e l d  ins t rumenta t ion  w i l l  be issued.  

The RFR's f o r  t h e  waste t rea tment  equipment w i l l  be i ssued ,  

a RFRTs f o r  t h e  a u x i l i a r y  and support  cquipment w i l l  b e  issued.  

r The equipment l i s t  for t h e  data c o l l e c t i o n  system will be made. 



1.1.4 I n s t a l l a t i o n  Design Specification, Sub-contract 

a Tho site packago will be issued f o r  b i d s ,  

Concentration on the civil/structural design,  moclianical/piping de- 

s i g n ,  and electrical des ign  will be accelarated. 

1.1.5 Cost Estimating 

Cost improvement because a£ process and f a c i l i t y  design changes w i l l  be s t u d i e d .  

1.2 EQUIPMENT FAI3RICATION/DELIVERY 

a Validated purchase orders w i l l  be issued f o r  over  85% of t h e  equipment. 

1.3 INSTALLATION 6 CHECK- OUT 

a I n s t a l l a t i o n  sub-con t rac t ing  requirements will b e  def ined ,  

1.5 COMMERCIAL PROCESS ECONOMlC ANALYSIS 

r A f u n c t i o n a l  p rocess  des ign  package will be assembled. 

I Engineer ing d e s i g n  work w i l l  be  i n i t i a t e d ,  

1.6 PROCESS SUPPORT RGD 

1.6.1 Free-Snace Reactor Dovelonment 

A second 24-hour run  w i l l  be  made. 

a A ~ e p o r t  covering the  exper imenta l  work w i l l  be  written. 



a Prototype design work w i l l  s t a r t .  

1.6.3 Fluid-Bed Development 

a Fabr ica t ion  drawings f o r  tho PDU will be completed. 

r Purchase orders  will b e  issued f o r  major PDU components. 

1,0.4 Quali ty  Control 

The slim-rod r eac to r  will be i n s t a l l e d ,  checked out, and staxted-up.  

The ep i taxy  r eac to r  w i l l  be i n s t a l l e d ,  chec1:ed o u t  and s ta r ted-up .  

Development of t 0 s . t  methods f o r  slim-rod depos i t ion  ana lys i s  and 

e p i t a x i a l  deposi t ion w i l l  be completed. 
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EXIIIB IT A SAMPLE FUNC'rIONAL SPECI171CATION Issue Date 
[llot Oil Pump) 

6/1/7! 

i Rev - A 

I 
LgW COST SlUCDN SQLAJ ARRAY P R O J E C T  

[EQUIPMEIFT NNIE Hot O i l  Pump - 

! 

PUMPS - ORIGIYAL PAGE Ig 
OF POOR QUALI-d7b 

PROJECT N M E  lo0 MT'f EPSDU 

HO. REQD 

r Y D t  

One 
. . . . . . . . . . . . . . .  . . .  I .  ' . . . . .  AVS Centrifugal 

i . . . 
. . . . .  

FLU13 HANDLED Themin~l 
. a  

I Flowrate: Theo. - Design 150 GPfi 

Viscosity of Liquid O*868 CP @ ?0o0~ 
56.9 I . b / ~ t %  300'~ 

Density o f  Liqu id  

1 Temp. o f  Liquid 31 I'F -- Operat ing,  500'~ - Design 

DESIGN PUSS. 1 
I 

NPSH A v a i l a b l e  

; 

60 PSIG - 

i 
1 Suc t ionPress .  25 P S I A  
! 

1 O i  scharge Press. 65 P S I A  
1 
I Differential Pressure: Theo.. 40 P S I  = 100 Ft Design 130 F t  TOH 

I Dissolved Gases 
None 

Suspended Sol i d s  
None I 

Type Seal Sinole Internal , Unbaf anced 

1 Material of Construction Ductile Iron or Hanufacturer's Stcndard 
I 1 Corrorion/ir~r i o n  Caused by 
I 
i 
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TQKMmU: Pumping Therminol - ~ t w  466-02 - 
tr qarrArrm rr-1 qwsr: - 
rr mw'unno -ST: r t u f  G O U ~ ~ S  

h M d r r a r  C i t y  4 Str t r  

(A) Qu~rtkrrr requfrd rot l r t ~ r  t h a n  - 
(1) Dr.uC.4~ for mpprwal requird i n  aecordrnce with Fom NR~L net 

1rt.r t t m  Noted on G S - 1  Data Sheet. 

m) Kqu-nt requfrmd m r i t e  ~t lacsr  then - JBnuory 31, 1981-_, but not 
kfmr  January 1, 1981 
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Cover Sheet I 
Revision Sheet 1 
Remarks Sheet 1 
GS-21 Rotating Pump Data Sheets 2 
GS-76 Standard NEW k a m e  S i z e  Motor Speci f icat ion  2 
GS-l General Requirements Dzta Sheet 1 

8 

The fo l lowing  attached general s p e c i f i c a t i o n s  also apply and 
become a part of this specification, 

GS-1 General Requirements Specification 
GS -2  General Specifications f o r  Instruction Materials 
1 3 - 2 1  R o e a t i n g P u m p S p e c i f i c a r i o n  
m)R-201 I n s t r u c t i o n s  for Submission of Drawings for Approval 

and Other Data 
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PROJECT NO, 7002 

LOCATION E, Chicago, IN 

ES NO. 6893 Rev. L - 
REQ. NO. 825-50012 

RElUd'XS SHEET 

1. One (1) Goulda pump, Model 3196m, size 1% x 3-13 is required for pumping 
thermiaol 60 heat t ransfer  f l u i d  a t  E. Chicago, IN. 

2 ,  The pump shall be equipped with water-cooled s tu f f ing  boxes. 

3.  Maximum motor load sha l l  not exceed 987. of the motor nameplate r a t i n g ,  

Page 3 
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A R 1 0 6 ,  PKSS. 
14.6 psia 

Ea. no. 6893 Rev. 1 -- 
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LOCATxOlP E. Chicago, IN 
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OF POOR QUALIW 

ES. NO. f i ~ ~ ~  Rev. 1 

REQ. NO. 50012 

C C R P ~ A T I C P E  Rev. I 1  i I 
Dste 21 19/88 I 

I 
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UNION CARBIDE CORPORATfON EXI.IIUIT C ENGINEERING STANDARD CS-76 
. - 

Pngc; 7 o f  15 
LlNDE DIVISION APPROVED NU ?PR 

ISSUED - 9/ 15/77 
TONAWAHDA. NEH YORK REVISE0 5/16/79 

P R O C U R E M E N T  

GS-76 STANDARD NEMA FRAME SIZE MOTOR SPECIFICATION I 
1.0 SCOPE 

1.1 Purpose - This specification is t o  be used to spec i fy  motors in the 
NPLA frame size range f o r  equipment supplied by original equipment manufacturers 
h e r e i n a f t e r  r e f e r r e d  to as O.E.M., on pumps and packages. The 0 , E . M .  shall 
supply t ' M L 1 l  and Chemical Industry" Kype motors f o r . a l l  applications and i n  
accordance with the requirements listed below. 

1.2 OperatFn~ Condition I 
1.2.1- Motor load at design operating point of the driven equipment 
C_I_ 

shall not exceed 85% of t he  motor nameplate rating. Care must be exercised in 
sizing lube-oil pump motors operating outdoors in northera climates and cooling 
tower fans in cold weather. (Horsepower will increase as temperature decreases) 
S e l l e r  shall supply operating curves for the driven equipment indicating the 
horsepover requirement for the most severe operating load. 

In addition, driven equipment that operates mote than 30% of t h e  time 
shal l  be supplied with  "energy e f f i c i e n t " ,  M i l l  and Chemical Industry type 
motors by the O.E.M. and in accordance with the requirements listed below. 
Typical applications include water p m p s ,  crankcase vacuum p m p s ,  lube oil 
console vacuum pumps, cooling tower fans, D . C . A .  pumps, chiller auxiliaries, 
regeneration blower auxiliaries, r e c i r c u l a t i o n  g e l  trap pumps, e t c .  

2.0 MOTOR REQUIREMENT 

2.1 Elec t r i ca l  

2.1.1- Voltage 46 0 Phase 3 Hertz- 60 

2.1.2- Insulation and Temper*re Rise - 
B (80°C) or F (105°C) rise by resistance over 40°C ambient. 

2.1.3- Service Factor - 1.0 
2.1.4- Loc'ked Rotor I(SrA Code - Code G unless otherwise 

spec if ied Code 

2.2 Coostructfon 

2.2.1- Enclosure - Cast Iron (Fraue - Terminal Box - Fan Guard) 
Totally Enclosed Fan Cooled (TEFC) 

2.2.2- Service - Miil sul Chemical. Induetry Duty 

1 . 2 . 3 -  Bearings  - Anti Friction - Grease Lubed .... 



Linde Division - GS-76 

3.C W P L A T E  DATA BY S R L  

The followilrg motor manufacturer nameplate data shal l  be supplied by 
Seller t o  Buyer within two (2) months of receipt of order. 

3.1 Motor Manufacturer - 7 F.L. 
3.2 ,Horeepower 
I_ 

Service Factor Speed 

3 .3  Voltage - Phaac Hertz 

3.4 F.L. Amperes-. 
_L 

KVA brush. code 

3.5 Insulation Class - Temp. Rise over 40°C Ambient 
by ResLstance. 

3.6 NEMA E f f i c i e n c y  Code - 
3.7 NEMA Torque Designation - 
3.8 Frmne Size  - OF POOR QUALifU' 

4.0 APPROVED VENDOR LIST 

The Seller shall  supply motors as manufactured by the vendors l i s ted  
below and of the c lase  listed for them. No exceptions will be allowed. 

Manufacturer Class of Motor 
Std Mill & Chemical - Enerm Efficient 
Industry Type Mill & Chem fnd Type 

Severe Service Process - - 
Type RGZ-CH 

Chemical Process Motor Type -- 
CP (NEMA Frame 254T and 
Larger - A l l  cast  iron) 

Delco Divisim of Chemical Industry 
General Eotors Corp. W P ~  
General Electric Co. Custom Severe - Duty Type K Type K Severe Duty 

Energy Saver t o  150 HP I 
Gould 

Reliance 

Toshiba 

Severe Duty Type SC E-Plus Severe Duty 
Type SCE @ 1800 RPM 
to 25 HP 1 

Pacemaker and Annor Spartan Pacemaker 
L-ine Severe Duty Motors Severe Duty 1 
Duty Master XT (Extra Tough) H i g h  Performalice Duty 

Master ICT I 
Type A C I  wi th  a l l  C a s t  Iron -- 
T. Box, Fan Guard & Fan 

U.S. Electrical Motors Corro-Duty Energy Ef f i c  Lent 
Corro-Duty 

Wes tinghouso Electric Type MAC MAC 11 H i g h  Efficiency 
Corporation 

Page 7 - - A-11  



I E X 1 1  C Pngc 9 of 15 
t- LINDE D I V I S I O N  - c S - 1  1 

GENERAL REQU I E t l E N T S  DATA SKEET - 
LOCATION :-Fa Chicapo , IN ES NO: 6893 Rev. 1 REQ NO: 50012 I 

MFORMATXON WOUIRF,,D I SELLER DRAWING NAME/NUMBER* 1 WEEKS ARO ** 
b 

Dravin~ Index List I I I 

I I *Required with Quotat ion.  
I I 

Equipment Data Sheets 
Motor Data Sheets 
Heat Exchan~er Data Sheets 
Reccmnended Spare Parts List (Priced)* 
Auxiliary Power Requirements 

, Std. Installation & Erect. Procedures 
General Arrangement (All Connections) 

, Gen. Arrgt. (Gas & Water Connections) 

+*~equired date for Seller drawings to be in-house st Linde Division, Tonawanda, weeks 
after receipt or" order, b s e d  upon a purchase order date of February 22,  1980 
NOTES: 1.) See i Ir PUR-101, 103, 104, 106, 107, 111 or 112 far m c i 1 i ~ ~ d d r e s s  and 

- 
2 Months 

- 
12 

4 

quantities, 
2 . )  Seller s h a l l  complete the "Seller Drawtng ~amehumber" column s tat ing  where 
thc required information s h a l l  be found, either on a drawing or separate sub- 
m i t t a l .  Associated with this i s  a "Certified1' drawing or transmittal date in 
weeks after receipt of purchase order. Any additional drawings or information 
should be l is ted i n  the space provided. ?his information is required with the 
quotation. 
3.) Where one drawing serves several functioae, identify the drawing name or 
number wirh each function, (e.g. one drawing could show ~enerat Arrangement as 
w e l l  as Foundation Deta i l s ) .  % ;-pi.. a 

i J  . 8 

A- 12 . . 
3F POOF? u t..',. . , Page 8 

Gear Box Details f 
Foundation Details 
Coupling Details 
Control Panel Details 
Tabulated Operating Clearances 
Loading Diagram - Foundation 

4 
4 

4 
Allouable Loading - Major Connections 
Performance Curves - Expected* - A c t u a l  (Test) 
Process Gas Diagram 
Seal Drawing 
Cooling Water Diagram 
Lube Oil Diagram 
Wiring Diagram 
Control Schematics(Pneu., Elect., e tc . )  
Instrumentation L i s t  
Lube Oil Arran~anent 
Detail Construction Drawings 
Cross Section 
B i l l  of Materials in Contact with 0, 
Samples for Test in Contact with 0, 

4 
- -.. 

8 
4 

Cleaning Specif icat ions 
Shipping Weigt.rs and Dimensions 
C m ~ p l e t e  Parts List 
Preliminary Inst.  Manual (GS-2;2-1) 
Instruction Manual (GS-2; 2sZ) 
Test Reports 
Code Cert i f icate  - Data Report 

- 

12 



EXIIIBI'I' C Page 10 of IS 
ORIGINAL PACE W 

p l ~  U U ~  ~QF~YTIO OF POOR QUALIW J1e.4.d ~ c i t ~ ~ a t ~ w  01.1 
Ur l  mt*Lli- 

C E B I I A L  l l o u x ~ ~ ~  him l r lu lu -** hm 1 0 7 ,  

-18 ~ I t l c r t l r  allllrl t h  m - 1  rr*ri-l* a t  Orrlor ClrCLL., L l J l  b l v l a l m ,  tor r b  p r c b u  e t  r 1 . r  m ~ l - 1 .  

f a r  u ( 0 l r r 8 1  W ~ ~ I ~ L L )  

u- 4 mp my- 

hllor'r dnui.~,m r d  a t h r  h t r  -11 b a k l r t d  Irr l u p r ' a  r p p r a a l  -3 o r  k i o r r  t k  u t v  ~ I l l s l  m th. 
.~t.cW, "O.rr.1 U q u l - t m  m t n  *at.* I f  th. h 1 l - r  ca-t w e t  tI* r t . c i t i m d  datre, k a  * I 1  i ~ l a t r l ~  m i t t ,  t h  h y r  of b l r  
pr+ aLrlttrl datmm. T W  Rrpr a t  tb d-1 -1 il to Ldrn t i fy ,  m l t m  a d  r m r n  th. c . r r l r t r r l r  nf kl l r r ' r  dr*ulnn# 
ad &ta.  d r  o f  c q i r r  rf  UP n w t d  & t I  n t  forth In ~ l r  4? r h  *t t*eh.d l u ~ r ' m  f o r r r ,  ' l u t r r t  -* tmr L u h l r a i a r r  o f  
b , . , , ; ~  .rl mwt mu- Q- m - 1 0 1 ,  - -ID>,  m-lm, Pm-104, m - 1 0 7 ,  m-Ill). 4 f r a r  h y m r ' i  d rawl r r  t k  k11.r rktf  l o t  
chnp t w ~ t  u d L r u 1 . r  o f  w a y w m t  w i t k t  m r ' n  r r i t t m a  r-r. 

~b &wCly a d  b t n  W t t d  by tlr kl l * r  1h.11 k of .o!!Lct+nt k t a i l  t o  r v b l r  t b  h p r  r J  I m r  h l r  c M t r . c t o r #  
p r + v n  c q l r t ~  c-c=tl.r dr+rl+y f4 * i u t r l l a r l a  *J i n t * # n t i r m  of thr Srllrr'r m q u l p r m t  l m t r  r k  l u r y r ' r  p l r n t .  

i n f . - t f r  -lid &ll alw W L w r  mrlim*, u l t iw,  v i b t b ,  c-eel- el* 0th.r m r r l  rrrml@. r d  L.rlrJI uffrc1o.t bt.11 
tn r - t . . t  r r l i . r r r i u  kjl bb * r i t e ?  ZJI*Ij, q 4 r m t l m l  rpmcr a d  w l n c ~ ~ * ~  ~ l a ~ r ~ u m e .  

Ar r m l n l u ,  h kl1.r  h l l  ?mlb r h  d r . v twn  8 l r t  at# s p m c l t l h  on th. "m-I b.mrrl I e v l r - r t r  b r a  Sh.1:. 
b i t r r l  #! tmI . l r r t lm t r s  tlr a * l l * r  *11 t u f d *  tho % d m 1  I&I L l b t "  d l e h  l l r c r  a l l  o l  r h  Imd !wUw~  Ir.rhmam s r l  

p~.cam &rr LM% c h  Irl1.r ~ 1 1 ~  t o  I*. B q w  I- rh. m p c t l i c  proJact. It  t h i b  l l r t  1 w l J . r  drbwllp  *r hi* r e  . y w l ! ~ e r l t r  
t l r r d  d *!d a ch -: Irt.ir-t~ P.u b t , "  r*. htlrr &all mtatm him i a t r d d  m l t r r l  &ke a that th * l p r  car 
L . ~ . ~ L -  i f  m d  & e r r  a w  e 4 t l L l a  wlcb c b  p t - p e t  ut)ul.. 

b d ~ u  . Stmt l c  r l & t r  b t b  u n l - d d  and l 4 . d  I r q ~ t v l f u l l ,  d ~ l w t ,  mtc.) and t h l t  d i r t r i k t l r  r r  l a r n t l w l  
mlmtr, m l e  t ~ d 8  with c h i t  d l r e c t i o .  m.1 p t n t *  =I b p p l l c a t i a ;  cantar  m f  ~ r m v i t ~ ,  a w l m n t  r d  
C-t w i C b t l  f o r  m i -  4 - jar r l a r m r a c r i  toad c r i tmr i .  f o r  rld, mn~amir. e m  m d  o t b r  !-dm. 

f@t la  - k W  f o u r d . t i a  l m p t  w i t h  det.11 d l u n m l m i a a  af bpanlnl;, pita r m r  and e tn r r  rirr, trim, 
l o u r l a .  p r o j u t i o n  v i p  t w n d n t l m  b l t r ;  srout t h i c k u n r  814 m c m r d d  trpr a! arm< l a a t l o r  
of wl r  p l a t b l .  l lwr  t b n ~ l r  o r  w b - b r b r .  kt*! w r  llull e l yp l v  111 1wndnL im  kr lrr  mwrp t  
rlrn D K ~ N ~ H  a # ~ . n d +  

- h, m i - ,  o t b r111 ,  I g a t i m  ~ I M  i d r n r l l i c b t i a r  o f  b I 1  p l a t 8  r n q u i r l n ~  c m m c t i o n  by t h  Lupr f a r  r q u l ~ n r  
w r n t i o l  o d  tm, r i a 8  b d  l pc * t i on  of 411 d r r l n n  and t race,  A11 r m ~ t m m t s  fwr fl.11 r t d l n l  r k l l  k aham 
or r ~ r g r L b c *  d r ~ r l n a r ~  ) c . x h  r l : -b l*  -:s m r d  fo rcar  m u d  thir d i r u t t m  n k l l  5. # t a t 4  f o r  rack r j r r  
p i p l y  --tiom A S a l l ~ r ' e  reat-nt o f  = a m  a l l a h l b  a n t r  m r  tare81 J. 0 c r n r c t l o n  11 r u c c * p r r b l r .  

rn+r-  0 sn - TIP, rim, l a c m t i o l  a d  funtrim sf a l l  r i a  I n  patner. A l l  1 m . t n r r t r  f r r m i r W  hll k pro\ l&d 
wI :b t :d rn t l thec lm m r n ,  C h i t  ! a c * t l m  a k l l  k m tl. rwlwnt  b r J  tb * l l d r  *!I p r w l d a  mm 
i-t-t l l r t  r r b u l * t i r &  u c L  ) I r a  turntmho4. 

5h1p#)c& - I r l l a r  r k l l  r r a ra  the nth+( Of l r r n r p o r u l l ~ n  a- c k .  h a r a r  ?f I l r a a b d l r  Ln rb tp# ln#.  Y. dull r t a t r  

tk &r 4 4  r1.r o f  tkr d l u r d 1 . I  p l r t a  re thbr th. k r p r  r). r b 8  pr-r s r r m h p e n t r  f c r  h r d l t n #  n d  
a m m d I ,  at c-err. A l l  m ~ i r r m t n  h r  tIm11 wlrlw a f  t l r  a a u d l y  m h t l  k t t n t d .  k a t i m a  m f  

I i i t t rp  I u ~  n d  wl for a p r r H k t  bmrr m o r k r  r . . c l a l  r i ~ s I f l #  r k l l  ba 4- o* I*. I * l l a t l l  drrwln&.. 



l i t t o  r y  Ilci& awb-rwarbllrr, rr-r t b a  in4iribl p e a ,  lh r.qIrtr prte llrr ir ~ L t d  tb &t. 
~ ~ i f l r l  tm %runt -1-m L i b  k t , *  

r t m r i m l  o b i 1  *r &J*ct,  11 -1. U Lr Fr t ,  CO i - k l r  h w r ,  mr hI8 e p r t ,  a t  om t f a  &r ly  r w t a c l u r r  
4 ~ f -  . b i v t .  l l m l  u c ~ l r . r n  r i l l  k r& n l y  mftmr rrmLpt at jd mlm. -tin mlum r t l l  1 1 1  ka a i m  c h w L  t b  

1. m n  r d  r t a r b l  wlll k rrr*? for Lupctir. 



UKION URIIDE CORPORATlOH 
ORIGINAL PAGE S t a n d a r d  Spec t t l cac lon  cS-2 

L lndc D i v i r l o n  Revlaed  I /  t S / b B  
T o n r w n d a ,  lieu York OF POOR QUAL~W 

CS-2: GENERAL SPECIP'ICATIOZS FOR TNSnUCTZOh' PA'tTXTALS 

This r p t c i f i c r t l a n  is t o  mrtablish the r s q u t r t t r m n t r  o f  the Buyer r e g a r d i n g  
I n m t r u c t i o n  n a t a r i r l r  t o  be  C u r n i r h t d  by  t h e  S e l l e r .  

2.0 SCHEDULE 

1 ,  W i t h i n  30 d a y s  a l t e r  o r d t r  fo r  a s u i s n w n t  i s  ~ L a c e d ,  n r  S e l l e r  shall t r s n r m i t ,  
f o r  caamentr a n d  approva l ,  % c o p i e s  of p r c l i n i r u r v  p r  rough  d r a f t  of l r ~ t r u c t l a n  H a t r r i a l s  
for rubjett cquipatnt, ot t y p i c a l  lnrtruct  ion m r t a r i r l s  f o r  ~ i l p i l a r  t y p e  1 1 f  equipment, w l e r r  
a n  e x c e p t i o n  is rmde i n  the ordar. 

S e l l e r  i a  n o t  t x p r c r e d  to f u r n i s h  f i n r l  c l c a r a n e e a  and  d i m e n r l o n s  w i th  h i s  L n l t i a l  
t r rnrml t t .1 ,  b u t  r h a l l  p r e h e a t  the scope and  format  o f  che proposed f i n a l  documents. 

2. A f t e r  rev iew bv the Bupmr, t h e  S e l l e r  s h a l l  r e v i s e ,  a a  necessary,  the  p r e l i m i n ~ r y  
i s s u e a  and r e s u b m i t  For f in.1 apprwrl  c o p f e e  of I n r t r u c t i o n  P a t e r i a l a ,  a t  60 d r y s  
p r i o r  t o  final r h i p m t n t  o f  the a u b j c c t  equipment. 

3.  After Z i n r l  rpprovrl ,  the S e l l e r  s h a l l  e r r n s t i t  t h e  rpeciEicd number . 'f  c o p l e s  of 
411 f i n r l  r p p r w - d  I n n t r u c t i o n  W t e r L a l r ,  o n  or b e f o r e  30 dayr p r i o r  CD f i n r l  s h i p m e n t  a€ 
cquipmant.  A l l  t r n n s m l f t a l h  o f  I n a t r u c t l o n  h t e r f a l u  s h a l l  be s a n t  t o :  

IRIOW CARBLDE CORPORATION 
Llndt  D l v i r  Fan 
k r k r t i n g  C ~ u n i c a t i o n  Deprrc*nt  
P. 0.  Box Irt 
Tonrrwndr,  Feu York 14150 
A t t e n t i o n :  W. Lynn A. Yeomrr.a 

Copiem o f  m11, cor rcapondwnca  and  t r a n u m i t t a l  l e t t e r s  s h e l l  be E o w r d c d  to:  

UNION CARBIDE CORPOR4TIOI 
Lindc D i v i r  l o n  - P u r c h a s i n g  B e ? a r e a e n t  
P. 0. BOX 41 
Tonruands .  Hew York 1.4150 
A t t e n t i o n :  E x p t d i t i n a  Y8nagee 

3.1 The I n J t r u c t i o n  H r t e r i a l a  r e q u i r e d  s h r l l  c c n s i r t  of  a c o m p l e t e  e n g i n e e r i n g  
d e s c r i p t i o n  o f  c o n s t r u c t i o n ,  i n r t r l l a t i o n ,  o p e r a t i o n ,  t c ?  n a i n t e n s n c e  of  a l l  equipment 
s u p p l i e d  by c h e  S e l l e r .  D c e r i l  b r e a k - d o m  as f o l l o u s :  

1. Comp:ete f n l o m a r i a n  for i n s t a l l a t i o n  c s a s i s t i r , g  of founda t ion ,  grouting, 
m l i g n m n t ,  I ~ x a t l o n  o f  a l l  c d s '  mer c o n n e c t i o n s  and a u ? > a r t s ,  d iagrar rmacfcs  of a l l  maln and 
r u x i l l a r y  mys t tms .  and infvr r rmt ion  a s  t o  t h e  z e e e i n g s  ( ~ . ~ a l u t s )  O E  in~trunents. 

2. D e s i ~ n  c 2 c r a C i n ~  e o n d i r i ~ n s  c o ? s i s t i a g  of t e r p e r a t u r e j .  pressures, s p t e d s ,  
(nornu1 r n d  c r i t i c a l ) ,  d i a m e t c r s ,  and  c l c a r a n c c a ,  Lne lcCing  d e s i g n  p o i n t s  and chelr  limits 
o f  v r e i r t i o n r .  A l l  p r o j e c t e d  p e r f o r ~ n c e  d a t a  s h a l l  bc r e v i s e d  t o  r e f l t c t  any ahap L e s t  
rnformat fon .  ( T h i s  m y  be f u r n i s h e d  l a t e r  a8 an Appendix.) 

3.  P l ~ y e i c r l  and f u n c t i o n a l  d e s c r i p t f o n  o f  equipment  i n c l u d i n g  a l l  
ruxi:i&ry equipnenc, and vtiphts o f  a 1 1  najor c o a p u n e n t s ,  

4, tonjltte n r a o u f a c c u r e r ' r  r ~ c o m e ~ d e d  pr-zcdcres ( s t e p - b y - s e e p )  f o e  p r t - s t a r t ,  
r t r r c u p ,  n c r m  I  ~ p c r ~ c l o n ,  and shucdoun,  A l r o  r e c o r + ~ e - : t i  p r o c e i u t c s  for  o t h e r  t h a n  nort11.l t 
oplcrat ion.  s u c h  a s  reduced  capacity, ar.3 a l s o  c rc rgeac . ;  jhu:t='+1. 

5. Complete r a l a r e o s n c e  instruct~olz, for c:: c c - p s n e n t s  i n c l u d l n ~  iiadsse=5!:.- 
p r a c e d u r e s ,  c l e a r a n c e  c h e c k s ,  reasatmbly, setting dirnc-r:073 t ad  a d j u e t m c n r s ,  i n c l u d i n g  1 1 1  
n e c e s s a r y  d r t r i l  d r r u i n g s  v i t h  aeccions. At l e a s t  o n e  : r o s s - r e c t i o n  s h o u l d  be i n c l ~ d e d .  A 
eornple t t  ' ttroub!t-mhooting" p r o c e d u r e  l i s t i n g  p o s r i b l e  :roubles v i t h  checks t o  be mhie and  
rorrcctive a c t i o n  t o  be taken. A i l  s p e c 1 8 1  t o o l r  r e ; u . r s t  s h r l l  Sc L i s t e d  c l e a r l y .  

6. Rrco-meti*lc4 C r . l e r l n ~  Prl*rc fcr s?a-r  94r.5 i n = l u d i n z  2 c ~ m p l a t c  p a r t ;  
r11.J r ~ c c t r r a r y  component d e r d  i l  c'.rauirrgr. 

J. 2 A l l  d rawing3  a h a l !  bc reduced tco e l  t h r r  8: x 1: *Jr 1 1 ' ~  x 17" s l r c  and 531.1* tr l q  - 
the nrnurl.  lr. craw1 uhcta d r ~ u i n g r  a r e  o r  sucp sLrr : - n e  ?: . is  r ~ C I ~ . ~ t i o t )  ~ b t l t - j  c d u s ~ .  '.':ln ' ;'' 
hcc:r~r unrrnt'.able, they ray h t  c u b ~ t c e r d  faall s rrr .  r 'o. st ! P-J Lr*rrccd r n t o  i n d F v i ~ ~ ~ l . l l  
r n v c ? o ~ ~ s .  Tltr 8nvelopor  rhm l l i n  t u r n  ire houn! Lnta :;c r4~! lcal  ~ n d  c l r n r l y  lnarkcd ..lth L C ~ Q  
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UUf0.Y CARBIDE CORPORATl&V 
Ltndm Dlulaion 

ENGINEERING D E P A R W K t  
ranawndr,  Ncu York 

1.0 SCOPE 

1.1 Purposa: Thlr r p c c l f l c r t i o n  c l t r b l i r h r r  the  m l n i a w  r e q u l r r m n t r  lo r  r o t a t i n g  pu.npa purehrxrd by chc Lindt 
Dlvirion. A l l  r o t a t i n g  p w r  r l r r l l  FOnfOm t o  t h i a  ~ p o c i C i c r t i o n  rnd the accwlp*nying dacr rhc r t ( r )  unlesr the Se l l e r  
r r cu r t s  vr l t tca  r p p r w r t  frorr tha Uupr for rny excrpt ions .  

1 .2  currantem: AIL uquipmmt furnlrhed a h 1 1  b* purranteed by the S c l l c r  t o  memt the rpeci l ted  f l ov  and horrepoutr 
r t  the  d e s t p  p o i n t  rb Lndlerted in  f a r rg r rph  2 .1  o f  t h i n  rpmciflcation.  Thr Se l l e r  r h r l l  be rerponsiblc for chr guarrnter 
o f  411 oquipcrunt, bceernarLcr and p a r t r  rub-contrrctmd by thn S e l l e r  t h a t  a r e  furnished under rh i r  apcciElcrt ton.  

2.1 c w r r n t * t  Point: mr p q  ah411 be grurrnrerd  t o  de l ive r  tho speci f ied  d iachrrgr  prcrsurc (-0%) a t  the dealgn 
€ 1 ~  uich the  aptc iEled  auction condiClonr and within the  d r a l ~  brake h o r r r p o w r  e52). The horrcpowr, cap rc i ty ,  suct ioa  
cond l t~onr  rnd d i ach r ra r  prer rurr  n t  der lgn  cQndi t lan8 a r e , r p c c i f i e d  an the r t r r c h t d  pump data rhert .  The dlashrrgn prtaaure 
rpre l f led  i s  a t  the dirchrrge flange.  

2 .2  Perforrmnca Curve: Thc S e l l e r  r h r l l  provld* c c r t i f l r d  curvea rhovLng t o t a l  herd, brake h o r ~ e p ~ n r ,  e f f i c i e n ~ ~ ,  
and WSH or r u b a r g r n c r  t r q u l r e m n t r  vrcsur flov. The S e l l e r  r h r l l  a l s o  ind ica t e  on the CUFVeJ the t o t a l  head and BLIP fat 
thc arx~mn and nlninsll d lan t t c r  impellera rpp l i eab la  t o  tha  pump araemblg offcred.  

2.3 pcr ioruuncr  Tcrt: I f  the Se l l er  doc. n o t  conduct r  pcrformrncc t eac  of the  pump i n  h i t  rhap, the Buytr my mkc 
r  perforrmnco t e a r  of the pump a t  hir  i n a t a l l r t i o n .  Thr t e a t ,  lnscrumantcd and aupcrviatd by the Buytr, s h a l l  be conducted 
to deccrr.lnc i f  the plurg w e t 8  i t r  gurranreed perforavnca (Park, 2.1). The method of t e a r  s h r l l  be n u t u a l l y  agreed to by 
both the r v t r  and Se l l e r .  Thr S e l l e r  n h r l l  have thr  r i g h t  t o  review the  t c r t  i n a e a l l r t i o n  and u i tnes r  the t e a t .  

3.L cer~ttal  ~ ~ a ~ i f i c r ~ i o n :  The puatp aaata&ly s h a l l  include the pump, s t r r l n e r ,  baseplate,  necessary couplInl;s, gears, 
purrdg, sha f t i ng ,  d r i u c r ,  r p r c l r l  t o o l s  rnd vrenchrr,  t t c .  m a  spcci f lcd  on f h t  rctachcd d a t a  r h ~ c t .  A l l  m r t c r l r l s  s h a l l  t e  as 
a p e e i f l t d  on the d a m  rhecc. 

3 . 2  Cualng: m e  pump casing a b l l  be of c r s t  Iron,  o r  as speci f ied  on the  a t tached data rhetc.  

3 .3  ~ r tpe l l e rm:  Zhc @ a I l t r r  r b l l  be doaignod Eor ainluum hyd t ru l l c  t h rus t ,  For t h i a  s i  I f i c a c l o n ,  impeller 
refers t a  the r o t r r i a g  a l e a n t .  

3.4 Shaf t ing:  Linr n h f t i n g ,  h e n  required,  r b l l  b t  adequatmly rupported by an intermcdlatc bearing. 

3.5 column P i p e :  The coluan pipe,  when required,  s h a l l  be d t r ign rd  t o  minfmLtc the f r f c t l o n  loss  b t tvrcn  the i n l e t  
and thc discharge conn*ctiona. 

3.6 S t r a i n e r :  Wen required,  4 barket  type r t r a i n c r  s h r l l  be furnished foe rump i n s t a l l a t i o n  and oE the cont type 
far wll  i n c t r l i l r i o n s  unlaas othervLse spec i f i ed  an the a t t ached  J a t r  sheer.  The arteria l  shaLl be branze unless othcrulae 
1prc1ELcd on Lha a t t ached  drcs rhetc. 

3.7  Thrust: The purg 1h.11 be dcaigned t o  minimize t o t a l  t h m r t .  For v e r t i c a l  pumpn, the dr iver  or power 
trrnsmissian dev ice  a h a l l  be rated f o r  r t o t a l  t h r u l t  equal t o  o r  g rea t e r  than the hlghcat coral t h rus t  load possible when 
optrrcinp a t  rnp  eond i t l an  from nhut-off to  msximum purnp capaci ty .  

3 . 8  P r t d j u r e  Bolting: A l l  p r e s su re  b o l t i n g  s h a l l  confonn t o  ASTH S p t c l f i c r t i o n s  A-193 Cradt 8-7 lor  s tuds  rad 
A-195 Crair 2 Car nu t s .  

3.9 F l r n R s r  end Connsctionr: A l l  ~ z t l e s  1-1/2" o r  larger  r h r l l  b t  flanged, Flanges s h r l l  cenfonn to  A5A 
Sptciflcarlon I-16. 

3,10 P i p i n i  Aa~tmhly: Seller'm p i p l u g  arrembly a h r l l  be f r b r i e r t a d  with labor comprtLbLc t o  Buyer's requlremcn:r. 

4.0 T i S ' I S  

4 .  1 Shop ~ t s t :  As r  minlrm, S e l l e r  r h s l l  perEarm r h y d r a d i e  t t r t  of the pump in  hLs ahop. A ulcnera t e s t ,  when 
required, w i l l  br r p c c i f i e d  on the a t c r c h t d  d a t a  rhas t .  

L . 2  Hydro r t# t i c  T r r t :  At1 presrurt t r r i n g r  ahll  5. h y d r o a t r t i c r l l y  t c r tud  a t  1.5 times che dcs lsn  prtaaure.  

A : I  ciln?onents shr 11 b t  rhippsd ~ u i t a b l y  pratected and f ree  of s l l  d i r t ,  sca lc ,  yrea5e. moisrurt! 4rr any nt+rr  

[ ~ r e i ; ~  y ~ c t a r .  Light ca r t i nga  o f  petroleum p r e s t r v r t t v c r  v i l l  be permig?lible for corrojioa praCt.-:ion ull"i5 u'.t-tr*l\: 
r p r c i f l c d  an the  a t rached d r s r  rhemt. 
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UWf OH CARBIDS CORRRATION WJOR EQLIXmHT S U P ~ W  
h i  rdr Pivia inn uRIG1NAL FA:: \q 
Tenwrndr, I ~ N  York OF POOR QUAL1n 

IMITRDCTXONS PCR SVBMlSSIOH OF DRAWINGS FOR APPROVAL AND OTMR MTA 

In accordance with t h i s  Purchase Order, the Sel ler  i w  required t o  aubmit 
d r n i n g l  and other date i n  accordance with the schedule below: 

A ,  Pour (4) Copiea: A l l  correepondence including trsnrmittal 
letters and bulletinn. 

B. Oat (1) Reproducible ( a s p i s )  Certified dr~uinga for ~uycr'r rppravrl, 
and P i v t  (5) Printa . 

C .  One (1) Raproducible ( s e p i a )  PimZ certified approved drawing# for Byar ia  
and Pive ( 5 )  Prints f i l ea ,  

D. Four (4) Copies: Data reports on a l l  pressure vesee lr  falling 
under ASME unfircd pressure veaael jurisdiction 
including N a t i o ~ l  ~ o r r d  of Boiler sad Pre8oure 
Vessel  Registration Number. 

. Pour (4) Copies : ~ecoanrnded Spare Parta L i s t a  v i t h  R i c e r .  

A l l  of the above to be 
forwarded to  : 

One Copy of Transmittal Letter Only t o  be 
forwarded t o :  

W O N  CARBIDB C O R W T I O N  W O N  CARBIDE CORPORATION 
L i d e  Div ir ion  Lindc Div 1s i o n  
F.O.  Box 64 P.O.  Box 44 
Tonrwanda, Hw Yoxk 14150 Tonawanda, New york 14150 
Attentioh: Vendor Print Control Attention: Purchneing Department 

F. Eight (8) Seta F i n a l  apkoved instruction aaterittl in rceor-  
dance with Linde Divis ion Standard GS-2, 

A l l  fnresuct ion arterial  shall be forwarded to: 

UNION CARBIDE CORXlRATfON 
Linde D ivia ion  
mrke t ing  Carnunice tions Department 
P.O. Box 64 
Tonausadr , NaJ York L4150 

mTt I: "Iteproducible (sepia) muat be of goad quality to etubLs Buyer to makt 
legible p r i n t a .  If aepir q u l i t y  i s  not acceptable, 8epia and a l l  
d r r w i n ~  will be returned for a new ewbmisaioo. OFig%*af 8ubdsa ioa  
vill net be conaidered ar a coatractua~ r u h i s r i o n .  
I - 

NOTE 11,: A l l  t r m a d t t a l  l e t t e r s ,  b u l l c t i n a  and drawings m a t  ahow tha purcharr 
ordct awabe.x a d  project: dertinatian. 

N m  111: All dravingl aurt rhw ahipping weight a d  eqt.tipat; optratla$ weight. 



Solar Grade S i l i c o n  

Painting Ins trucrions 

The inetructions below s h a l l  be ueed t o  establ ish  paint ing procedures 
for 811 equipment used in Project Number 7002. 

Vessel Operating Temperature 

Less Than 350PF 350°F and Greater 

Catalyzed Epoxy-Phenolic Silicone 

lhmfacturer Wisconsin Protecting Co. PPG 

m Plasi te 7122-a Hi-Heat UC-45732 

Strxface Prepaxa t ion SSE- SP-6 SSPC-SP-1 Solvent Clean 

&Pber of Coats 2 2 

Met Film Thickness per 
Coat, Wax. 12 H i l s  

Drg Film Thickness per 
Coat, Mn.-Max. 6-7 W l s  

3-5 Mils 

1%-2 Mils 

Application Hctbod Spray or Airless Spray Brush or Spray 

Bhing and Thinning SSPC-'PA-1 and Manu- SSPC-PA-1 and Manu- 
facturer's Instructions facturer's Instructions 

A p p l i a t  ion SSPC-FA-1 and Hanu- SSPC-PA-1 and Manu- 
f acturer ' s Inatructions facturer's Instrucrions 

Note: In general, most vessels operating at temperatures of 350°F o r  greater  
will be of stainless steel coastruction, However, any carbon steel 
vessels in t h i s  class require SSPC-SP-6 surface preparation ra ther  
than SSPC-SP-1, solvent cleaning. 
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7 SEAL RlNG H 

GOULDS PUMPS, lNCI 
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-- 
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LIQUID ?-.qGKmfNoL 6 0 
SF? GR. ,905 

GOULDS PART NO. 

ROTARY 92720 -0175 
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APPENDIX B 

EQUTPMENT PROCUREtIENT STATUS 

EQUIPKEIJT t@. 6 #AME 

45;-04, 05 
Waste Gas Induction Blower 

453-02 
A ~ E  lo~narnrion Blower 

P.0, 

ISSUED 

50004 1 
4'6-02 
gitench Contnctor Pump 

1 

1'CS D ~ s t i l I a t c  Pump 

P. 0. FUNC 1~::~:~ 
50001 

SO002 

50003 

ENC 
SPECS RFR 
ISSUED I IS:LiD 1 ISSUED 

426-04 
Cand, Wash Pump 

,/ 

4 

4 3 - 0 6 ,  10 Roboilers 1 i ~ ~ ~ 5 ~  4 I /  1 J 1 1 

J 

4 

I 
50007 ' u' j J 

50008 1 1 
I 

tf 

J 

V' 

50009 j I 

I 
1 

423-02, 03 
Recycle H ,  Compressor 

4430-2 
Pyrolysis I f 2  Campressor 

466-02 
Hot O i l  Pump 50012 d 4 

466-04, 05 
Cooling tinter Pump 4 

424-02 
quench Condenser 

-1 20 - 04 

I 
4 50014 d J 



O~~INAI. p A ~ 2  ~3 
APPENDIX B OF POOR QUALW 

E ~ U I P E K F  PROCUREMENT STATUS 
a Pane 2 of 10 , 

' FrnC I EQUIP- 
EQUIPMENT KO. 6 NAME '* SPECS SPECS RFq I P-0, 

DHT; 
mmER IIssum Issum rssum Issum Issum REc'O REclD 

4 3 - 0 2  1 
Scrippor Condenser SO016 

421-12, 16 
431-06 
Tnflks 
464-02, 04 
Ventilation Hoot 
Bxchsners 

434-08, IJ, 18 
Column Condensers 

I 

I 
1 
I 
t - 

454-12,  16, 23 
444-02 Coolers 

I I 
sooza ; J I 

1 50023 1 i 1 h- 

, I I 
i 

50026 

50017 

534-26 
RcFrig. Heating Coil - 
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EQUTPMENT PROCUREMENT STATUS Page 3 of  10 

EQUIPIENT tiO. 6 NAMe 

311-02, 441-04 
461-08 Bins 

P. 0 .  FUNC ENG 

- 

- 

1 

50031 

50032 

50033 

50054 

621 -02 ,04 ,06~08~10~14118  

I 
451-04,Ob 
Tonks I 

J J 

I 

50036 : 

I 

i / SO018 1 1 
I I 
I t 

I 

1 
I 

I 

J J 

1 

I 

- 

431-04, 06, 08, 10 
415-02,  04 
Tanks G Reactors 

50010 

50041 

50042 

50043 

50044 

50045 

J J 

1 
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APPENDIX B 

EQUIPMENT PROGUREbENT STAFJS Paps 5 of 10 

EQUIPhENT NO. 6 NME 

427-02 
Crude TCS Filter 

437-02 
Siln~te Ultra ~ i l  tcr 

P'O' 

ISSUED 7:::;. 

I 

50061 

soadz 

50063 

SOD66 

1 

ENG 

448-08, 10 50061 J 4 Loading Scnlos 4 1 I 

I 

OW6 
E D  

J 

J 

I 

50064 

50065 

SPECS 

448-10 
Waste Powder Flnker 

448-04 
Boule Cart 

548-14 
Boule Scnlo 

158-02 
S i l i c a  Collection Cyclone 

458-0.1 
Silica Drum Pucker 

t 

EqUIP- 
HENT 
R E P .  

- 
I 

I I 

FGR 

50069 

'50070 

50071 

50072 

50073 

SO074 

ISSUED TS::iD 1 ISSUE! 

J 

J 

4 

d 

J 

J 

4 

I 

,/ ./ 
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EQUIPMENT 110. 8 NAME 

459-02, 04 
Venturi and Scrubbur 

429-04 
Superhaat or 

--. 

ISSUED 
PI 0 .  
NUMRER 

50075 

50076 

50077 

I 

DWI; 
REC4D 

50078 I l l  
- 

I 
I 

50081 

50UR4 

FUNC 
SPECS 
ISSUED 

4 

EQUIP- 

RECtD 

454-04 
Silica dggl~mcrator 

469-02 
Cooling Tower 

ENG 
SPECS IWR 
ISSUED / I S i z D  1 12.. 

I d  

5dIr15 

J 

469-06 
Cooling Tower Treatment 

469-12 
~ef r ige rn r ion  System 

J 

J 50086 

J 

4 J 

50087 

50088 4 

4 

J 

4 

J 
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EQUlPMENT PROCUREMENT STATUS 

EQUIPbENT ID. h HME 

JbD-16 
Therminol Honrcr 

452-02 
Nuriatic Tailing Column 

456-08 
Tai l ing  Column Pump 

469-14 
Instru~ncne Air Packnge 

642-02 
FlCC 

641-02 
Transformer 

3 9 - 0 2  
Qunliry Control Trnilur 

411-08 
TL Argan Tank - 
461-04, 06 
Fuol O i l  Storage Tank 

466-08, 09, 10, 11 

P. 0. FUNC ENG RFR P.0, ,,, 

sump pumps 

643 
Emergency Generator 

SO089 

soorro 

SO091 

d 

,/ 

solo1 

50102 

A- 

/ 

J 

10091 I d ( J 

J 

4 

J 

J 

d 

J 

J I  
I 

/ 

J 

J soo?5 

4 1 
i 

I 
I 

J 

0 0  4 ! J I 
I 

I 
SO095 i 

8 

t I 

SO098 

50099 

50100 

J 

J 
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EQUIPMENT 110. 8 N M  

463-06,  08 
V e n t i l a t i o n  Blower 

426-06, 07  
STC pumps 

ENG EQUIF- 

50103 4 

SO104 

solos ,/ 
- 

I 

I 

For 432-08 
Internnls  far Silanc 
Column 

1 

I 

Chloros i lane  Analysis  50108 I il J I 

I 1 
UV Specrrophotometer i 1 

Elenontnl k n l y s i s  
i 

j J  J 
S i l i c o n  Elclting Furnace 

432-02 
S t r i p p e r  Column 50112 
- 

432-04 
TCS Column J 

431-06 
DCS Column 50114 

459-36 
Agitator 

429-02 
Qumch ti S o l i d s  
Removal Contractor 

SOL15 

SO116 

I 

J 

J 

4 4  
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EQUIPMENT PROCUREMENT STATUS Pnge 9 of 10 

EQUIPMENT NO. 8 NAME 

466-06, 07 
~ u c l  o i l  pumps 

ISSUED 

P, 0.  FUNC 

hlRIAER I;:RL 
50117 I 
50118 

ENG 
SPECS RFR 

ISSUED I Is:i:D I ISSUED 

- 

DWn 
u c t D  

I 

I 

EqU I P- 
MEhT 
R K i D  

1 

4 56-04 
DCS Distillnee Pump 

436-05 
Chlorosilnno Pump 

d 

4 3  2-08 
Silnno Column 

I 

/ 

I 
I D 1 2 2  ' 4 ! I I 

I 

50125 

SO 129 

50150 

i 

50124 i 
! ! 

i 

50126 

50127 

50128 

I 

I 
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