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ABSTRAcr. 

The objectS.yes of  ch~s research program are c~ develop ~.zproved 
caca lysc  systems fo r  prepa~at:£on of  Sasemss hydroc~bons  ~rm coal-der~.ved 
~ e s  o f  c ~ b o n  nzmmc£de and hTdrosen, and co 4 e ~ l o p  a funda~utml  un- 
derscand~ns of  uecksnac~.on and l~scher-Tropsch syn theses .  To accomplish 
Cl~ ~C£rsc obJecc£ve,  Inao versaC£1e c a t a l y t i c  r e a c t o r  un£Cs (~U-1  and ~ U - 2 )  
"--£11 be emplo~-d co s c reen  a var£ecy of  i r o n - ,  c o b a l t -  and u£ckel-based 
c~caly~cs. Carefu~ zCCenclo~ ",r111 be Kiven co produce selecC£v~cy. To 
accozpl£sh v.he second obJecC~w, Lugrared specc~©scop~c cech~qu~s ~£11 
be  coupled ~£ch c~ad£c~onml zzchm~sc£c s t u d i e s .  The ~ole of  po£~ons £n 
~ f e c c ~  the concencrar.£on and nature of sur face  £ n ~ d ~ . a C e s  ,-'£11 be 
~r~esr~saced. 

ch~s second quar te r ly  p e ~ o d ,  ~ork hzs been devoted p~-~- 
am~£ly co the areas  o f  equ£pmenc zsse~bl~v (Task I ) ,  p r e ! ~ t u a ~  c~Ca~ysC 
s c r e e n , s  t e s t s  (Task I1;), and p ~ e l ~ - y  ~ e c h m ~ s c i c  s ~ d i e s  (Task IV).  
I n  the area  of  the ££rsc cask, ~proved  c~q~-recu~e £le=c£b£1~L'7 of  (~U-1 

been a c ~ e v e d  by • :no~fTcac~.ou of  the ~eacco= 's  furnace and p~eheace~. 
~.U-2's e l ecc~ca l  coapoueucs have been cocpleced and £nscalled, as ~ e l l  
as  the panel m~znc£u~ and ceaC£~ ©f the cl~ee nou-d£spers~ve i ~ c ~ : e d  an- 
a1~e~:s and the ~ s s c ~ l y  o f  the f ~ s - c l ~ o ~ ~ l ~ L c  system. 

Zn cbe a~ea o£ Task I I ,  a c ra£n£~ prosram u c i l ~ z £ ~  o l e £ i n  l ~ -  
drosenaciou ~ under taken co p~pm~e fo~ the £n~c~al cescs of a t y p i c a l  
F£sche~-Tropsch c~calysc  £n clU-1 ~b~ch £s scheduled £o~ the ~ c  q u a r t e r .  
I=  ".be area of  Task: IV, poor qual£cy £n~rared speccca  o£ n£ckel a e r o s o l s  
has p~cQpCed 8 decA£1ed model£n& of  the me~osoZ-se~cm wechod. Tn 
• ~Lc£on ,  considerable e~£a~c has been devoted co unrave~.~S the ccaplez 
o l e f i n  ~ e ~ s = £ o u  da ta  reporcJd £n the £ i r s c  q u a r t e r l y  repocc. 

1= conclus£ou,  desp£ce -.everal unexpected delays  in  equ£pmeuc 
~ / . c a c ~ o u  £o~ ~IJ -2  £u Un£vers£cy shops, and unusua l ly  lensciqv d e l i v e r y  
p e r i o ~  bY m~u~accure r s ,  the p ro j ec t  i s  p~oceed£nS ~Lchouc sisn£f-£canc 
c h a ~ s  in ~ l e s c o n ~  scbedul~z~. 



I, OE/EC.~VE AND SCO2E OF WORK 

To meet the meeds o f  ~he i n c r e a s i n g  enerEy demand and to s a t i s f y  
the cozTespon~iug envirosmental constraints, coal 8asif~cation has been 
proposed as a means of produein8 clean fossil fuel. Such processes beccue 
• .ncreasin~ly more :/.=portan~ when the projections chat petroleum oil re- 
sources -,Till be effectively depleted within the next t~enCy years are taken 
into account. Likewise, it s'ncu~d be recognized ~,hat the depletion of 
~e~oleu~ ~£I resources also means that the pe~och~,!cal ¢ndustTy must: 
look elsewhere to oStaCn ~heir feed-stocks. While there a~e several Amer- 
ican processes for co-_versi- ~--- ef c=--.l ~o synthetic nauurai gas (SNG) at 
varying stases of development, there are, however, none available for the 
pro~uctlo= of synthetic liquefied petroleum gas (SLPG). Fo=~uateiy, ho~- 
ever, SLPG appears to be obts/nab~e by a mo~ificat~-on of the methanation 
step of the SNG processes. Unfo¢tunately, the methanation step (CO + 3~ 
~at CH + H20 ) is one of the two least und~stood steps of the coal-to- 
gas process. 

This research proEram, therefore, has as i t s  object ives c.he pro- 
duct!on of syutheclc liquefied petTole~ gases, and a fundamental under- 
standing of catalytic methnnac/on. ~hus, work wi11 5e developed along 
these bJo major areas, ~ne first area, catalyst development for producins 
C2-C & hydrocarbons, has as its object/yes ~he development and character- 
izat¢on of catalysts with high selectivity and defining the relevant pro- 
cess var iab les .  We ant ic ipate car ry ing  th is  project co ~he p i l o t - p l an t  
stage whereby an econo~c assessment can be ma~e. The second area involves 
fundamental s t u d i e s  of the hydrogenation of carbon monoxide wi~h the ob- 
j e c t i v e  o f  understanding che nature of the surface react ions involved. 
I t  should be noted chat the hydrogena~/on of carbon monoxide under one 
s e t  of  c o n d i t i o n s  leads p redomiua te ly  to  methane, whereas under  another  
se~ of  condi~ions i t  leads to h i , h e r  hydrocazbons, Fischer-T~opsch syn- 
thesis. • he processes must be s tmt la r ,  i . e . ,  involve the s ~ e  surface 
intezmed£ates. We anclcipate achieving an understandin 8 of how catalysts 
or process var*~ables can be modif ied co ef fect  the t~ao processes economically. 

For  the f i r s t  a rea ,  t~o r e a c t o r  u n i t s  w i l l  5e employed to e v a l -  
u a t e  p o t e n t i a l  c a t a l y s e s  and to  o b t a / u  k i n e t i c  and m e c h ~ . £ s t t c  d a t a .  In 
a d d i t i o n  t o  tes~Lu8 potemt la l  c o ~ n e r c l a l  c a t a l y s e s ,  l a b o r a t o r y  c a t a l y s t  
p r e p a r a c i o n s  o f  a numbP.¢ of  c a t a l y s t s  ~ 1 1  be under taken  Co e s t a b l i s h  scan-  
dazde for comparison. Both types of catalyses will be zmalyzed for total 
meCal and act-lye metal content. More complete kiuetle s~dies will be 
conancted ~ the  most prom/sinE c a t a l y s t s  from the  p = e l ~ i u a r y  e v a l u a t i o n s .  

In  t h e  second area  the  emphasis ~rIl l  5e p laced  on ach iev ing  a 
fundamenta l  u n d e r s ~ n d i n g  of  the  hydrogenat-Ion of  ca r son  monoxide r e a c t i o n .  
To accompl~sh this understanding, ~n~-r~ed spec~oscopic techniques w i l l  
be coupled lr~eh ~raditfonal mech~L~SCiC studies to obtain iz~orma~£on ~ o u t  
the nature of surface intermediates. Invese~ga~ons of  both supported and 
tmsuppor*,ed metal catalysts ~ 1 1  be undertaken. 



For  I~he i n f r a z e d  s~udies ~ d i f f e r e n t  systems ~vLll be  employed. 
The usual  " p r e s s e d  d i sk"  technique v i i 1  be employed, f o r  suppor ted  me ta l  
c a t a l y s t s .  ~owever,  a novel  approach to  ~he unsupported c a t a l y s t  s t u d i e s  
~-111 be e x p l o r e d .  This new approach i n v o l v e s  passing i n f r a r e d  r a d i a t i o n  
through a l o n g - p a t h - l e n g t h  c e l l  c o n t a i n i n g  the  c a t a l y s t  in a m e t a l - a e r o s o l  
form. Comparison of the c a t a l y C i c  activity and surface p r o p e r t i e s  as wall 
as characterization of ~he surface intermediates ~-~Ii const~.Cut:e nhe major 
work effort in ~his area. 

The key f e a ~ r e  o f  t h i s  p roposed  s~udy i s  a c c a b i n a t i o u  o f  sev-  
e r a l  t e c h n i q u e s ,  n o t a b l y ,  i n f r a r e d  s p e c t r o s c o p i c  techniques  wi th  k i n e t i c  
measurements to  s innal taneously  measure  r e a c t i o n  r a t e s ,  s u r f a c e  i n t e r m e d i -  
a tes  and r e a c t i o n  producr.s .  The use  o f  i s o t o p i c  Craters  i n  comnecc£on 
with these  t e c h n i q u e s  should g r e a t l y  i n c r e a s e  our unders tand ing  of  ~J~ese 
r ( ! a c  tiOnS, 

As p r e v i o u s l y  s t a t e d ,  ebe o b j e c t i v e s  of t h i s  r e s e a r c h  program 
are  to develop  ~.=proved c a t a l y s t  sys tems f o r  p r e p a r a t i o n  o f  gaseous  hyd ro -  
carbons from coa l -de . r i ved  mix tures  o f  ca rbon  monoxide and hydrogen ,  and 
to develoo a fundamenta l  unde r s t and ing  o f  mechanat ion and F~.scherlTropsch 
s y n t h e s i s .  To acccQpl l sh  chose goa l s  the  yo rk  w i l l  be d iv ided  i n t o  s ev -  
e r a l  tasks  ( see  Appendix A) wlth each t a s k  cove r ing  a d e f i n i t e  ~ p e r i o d .  
The re fo r e ,  the  w o r k ' s  proEre.~s can e a s i l y  be -=ssessed by monlCoring c.he 
:movemeut throuEh the  schedule  of t a sks  as indicated durinE q u a r t e r l y  t e ch -  
n i c a l  and p r o g r e s s  r e p o r t s .  

11. SU~iARY OF. !~OGRESS TO DATE 

Work under ~hls con~rant (E(49-18)-1814) beg~ in HaT, 1975 winh 
a d i v i s i o n  o f  work i n t o  e i g h t  {8) t a s k s :  

1 .  Task No. I - 
2 .  Task N~. TI - 
3 .  Task No. I l l  - 

4 ,  Task No. TV - 

5 .  Task No. V - 

6. Task No, VI - 
7~ Task No. VII - 
8 .  Task No. VII I  - 

Equipment Assembly 
Ca:al :~st  Screening  Tes t s  
K i n e t i c  S ~udies 
.V~chanis t i c  S eudie.~ 
C a t a l y s t  P r e p a r a t i o n s  a n d / o r  C .haraccer iza t ions  
Extm~ded C a t a l y s t  Tests  
P r o j e c t  S b-~- ary 
C o n s u l t a t i o n  and Advice by P . I .  co ERDA 

The timetable for ~hese tasks is detailed in AppendL~ A to this report and 
represents a more r e a l i s t i c  approach to mamaS£~ the p ro jec t .  D~-1=8 rJ~is 
second q u a r t e r l y  p e r i o d ,  ~ k  has been devoted  to :  (a) the  c c ~ p l e c i o n  o- = 
assembly of ~o (2 )  c a t a l y t i c  r e a c t o r  u n i t s  which w i l l  be employed i n  yo rk  
desc r ibed  in  Tasks IZ, l i T ,  s~d IV; (b)  p r e l i m i n a r y  work f o r  Tasks  ZI and IV. 



In  the a r e a  of  Task I ,  a r e d e s i g n  and m o d i f i c a t i o n  o f  c a t a l y t i c  
r e a c t o r - I ' s  ( ~ U - 1 )  p . -chea te r  and .~eactor f u rnace  became n e c e s s a r y  to  i~prove  
the  t empera tu re  f l e x i b i l i t y  o f  ~hat u n i t .  As a r e s u l t ,  t empera tu res  o f  
~00-500°C r e q u i r e d  ~or c a t a l y s t  red ,ac t ion  m~re easily a~e a ~ a i n a b l e .  The 
Bert7 in~ernally recycled ca~alytlc reactor arrived from Autoclave EnEineers; 
~he necessary elec~-ical ¢O=ponants for its hea~ing jacket have been lab- 
floated, and r~e unit has been installed in CEU-2. In addition, ~he ~ine 
S a f e t 7  Appl~.ances' ,'~;D~:~ a~alyzers for carbon  monoxide,  methane and ca rbon  
d iox ide  a r r i v e d ;  nhe a n a l y z e r s  have been p a n ~  ~ = e d  i n  a c z b l n e t  which  
a l s o  c o n ~ / n s  a 3-poin~ :nV r e c o r d e r .  Ui~h the  e x c e p t i o n  o£ the  CO~ a n a l y z e r ,  
val~ch she's excep~ion~v poor se~:~eq~d.~-y, ~:he unit is operati~ ~ccord- 
in8  co = a n u f a c ~ e ~ ' s  spec i~£can!ons .  P i n a l l y ,  a l l  o f  ~he conpouenCs r e -  
qui~ed fo~ the  comple te  s n a l T s i s  o f  p r o d u c t  gas  b y  gas  c h r o ~ t o s T a p h y  have 
a r r i v e d  f=0m VaSar i  and are_ be i=8  assembled .  

Zn the  a r e a  o f  Task ZZ, ~he hydroEena~ion o f  o l e f i n s  over  a 
k i e s e l E u ~  suppor t ed  n i c k e l  c a t a l y s t  gas  employed to  ==ain op. e r a t o r s  i n  
the  .-.afe t echn iques  o f  c a ~ a ! y s t  ~educt£on by  hydrogen ,  r e a c t a n t  gas b l e n d -  
~ng, and p roduc t  a n a l y s e s .  While m a s s - ~ s f e r  e f f e c t s  proved to  dominate  
~he surface reac~ons in ~hese s~udles, r]ae Indlcacions ~ere ~ha~ such ef- 
fects would be  unimporr~tnt in ~he much sl~= Fischer-Tropsch synthesis 
co be ~ t~d ied .  

I n  the  a r e a  o f  Task 1~, a Erea~er  e f f o r t  has  been  devoted  co model -  
i ng  ~ n i c k e l - a e r o s o l  g e n e r a t i o n  r e , h o d  i n  an e f f o r t  co unders tand  the  
poo r  qual£~7 i n f r a r e d  s p e c t r a  obr~i=ed,  and co u ~ a v e L t n g  the  co=ple.~ =e -  
a c ~ o u s  invo lved  i n  ~ae h y ~ c 3 e n a ~ i o n  o f  o l e f i n s  ~.--~-r n i c k e l  c a ~ a ! y s t s .  
An a l l - g l a s s  t e l !  ~ c h  f a c i l / ~ a t e s  collec~-~Jon o f  BET sa=ples  has  b e e n  
f a b r i c a t e d .  

Zn c o n c l u s i o n ,  d e s p i t e  s e v e r a l  u n c h e c k e d  d e l a y s  i n  equipmen~ 
f a b r l c a ~ : . ~  £~ U n i v e r s i t y  shops ,  and p r o l o n g e d  d e l / v e r y  o f  equipment b y  
sea, e ra1  =aunfac~ure=s ,  no =aJor  changes i n  : ~ l e s t o n e  schedul£n~ ~ e  
v a r r a n t e d .  

4 



I~7. DETAILED DESCRIFI~ON OF TECHNICAL ~EOGEESS 

As p r e v i o u s l y  s e a t e d ,  the  ob jecn ives  0£ r~ is  r e s e a r c h  progr~-  
a re  to develop improved c a t a l y s t  systems fo r  the p r e p a r a t i o n  of  gaseous 
hTdrocarbons from c o a l - d e r i v e d  mix tu res  o f  carbon monoxide and h~drogen, 
and Co develop a fundamental undersign ~dinE of ~he reaction mechanis~z as- 
sociated vi~h car~lytlc methana~i©n and Fischer-Tr~psch ~ i s .  This 
v£11 be accomplished i n  ~h/s proJec~ by pursuing s~ve re l  a spec t s  o f  the 
problem which inc lude :  a) car~Llysts p r e p a r a t i o n  ,,.~A =h~rac t e r£za t i ou  o f  
~heLT physical ?roper~es; b) evaluation o~ the~e catalysts for r/ae syn- 
t h e s i s  o f  C~-C4 hydrocarbons i n  a sc.wee~i=E ~es~; ¢) cu~uc~ i=8  k i n e t i c  
s t~ l~es  ~o ~ o ~ i n  ra~e expres s ions  ~:o p r e d i c t  p~oduct y i e l d s  f o r  ~he most 
promisi=8 c a t a l y s t  f o r = u l a t i o n s ;  d) i n v e s ~ i g a ~ c =  of the  mechanism of ~or- 
=a~ion and ~ypes o f  r e a c t l o u  i n t e r m e d i n t e  ~ot~ed ~=--~i~ the c a t a l y t i c  r e -  
a c ~ o n s  on these  c a t a l y s t s ;  and e) measuring c a t a l y s ~ s  a c t i v i ~  for ex- 
~n~ed  periods on the most prcm~sinE canalys~ to  o b r ~ n  an economic as- 
sessment of ~he p~ocess. The. above s~udles require ~h~ use of several 
t~pes o f  reac to r  systems. For e x a ~ l e ,  ~he screening ~est  ",~.11 be con- 
ducked in tubular plu~-fl~w ~eactors a~d a "Ca~be-~'y-~l~e" s~irred ca~- 
a ! 7 ~ c  re~-ctor .  Since a wide spec~-~nn o f  p roduc t s ,  e . g . ,  methane,  e thane ,  
er/~ylene, prop~e~ propylene, carbon dioxide= hexanes, e~c., is anticipated, 
there  is a c~-~cm.l  need for moni~orin~ ~he individual y~e lds  as well as 
~he no~aI convers ion  o f  carbon monoxide. This w i l l  be a , ' c~ l i shed  by nhe 
use of NDL~'s to ~ontlmnms~y monitor methane, carbon dioxide and c~rSon 
monoxide and ~as chrcma~raphy ~o monitor all producns on an in~mi~ent 
basis, e . ~ . ,  every r~i~ty mim~tes. 

~he de~iE~=, p ,~chase ,  and assembly of  the uecessa~T, appara tus  
consci~ufies =he ~ss£gznaenc of ~ e  firs= t a s k  (Task I). While much of r~his 
work was accon~!ished during the first quarterly period, the remainder gas 
undernaken dur~_a$ Lhis second p e r i o d .  In  a d d i t i o n ,  p r e l i m i n a r y  work w~s 
initiated in Task II, as well as ~he eo=tinua~ion of preliminary work for 
Task IV. For ~ c~le=e description of the various tasks and the correspond- 
ing time~ab!e, see Appendix A. 

A. Task I - Eeuipmen~ Assembl 7 and Tesnin~ 

Table I ~ z e s  the  work accomplished i n  Task I dur ing  the 
first quarCerl7 pe r iod .  Colmnn 3 d e s c r i b e s  the sub ,asks  ~hat  ~ r e  iuvolved 
and co1,~-,, 2 represents the mamber of ~eeks involved -alth each of ~hese 
subr.asks. 

Table 2 s ~ z e s  the ~ k  accomplished i n  Task I d c ~ - ~  the 
second quzr ter i~,  pe r iod  ~ ~haC scheduled  f o r  the t h i r d  pe r i od .  Due Co 
de lays  e i t h e r  i~ r e c e i p t  ~ equipment ~rom s u p p l i e r s ,  f o r  example, the Ber t7  
CS~ purchased from Au~_oclave Ez~ine~rs ,  a r r i v e d  e i g h t  weeks beyond t h e i r  
r ev i s ed  d e l i v e r y  da~e, and r~e V-~lco automat /c ,  gas s a = p l i n ~  va lve s  a r ~ v e d  
ten ~ee;~ 5eyond Va~ian 's  assu~e~ d e l i v e r y  dace, or  backlogs i n  Mel lon  ~.n- 
s~ -~u te ' s  ~ust=~=ent;s Shop, many o f  the i~;ems o r ! s i n a l l y  scheduled f o r  co=- 
plet~Lon dur ing  ~he second qu~rte~ had eo be. =escheduled f o r  l a=er  d a t e s .  
~ais  was most no t ab l e  ~ri~h r e s p e c t  co ~U-2  components. None the less ,  
were ab le  to complete a l l  of the scheduled subcask~ r e l a t e d  to C~U-1 and 
the a n a l y t i c a l  system. These a re  d e s c r i b e d  in  ~ - e a t e r  d e t a i l  below. 



Table I .~ i rs t  quar ter  Task I,..t~ro~ecCs: Equipment ' Ass.embty au~ Test£= R 

Su~tzsks 

( No. Weeks ~+ 
Ito co.fete | 

]:te= I =  ~ S,-~Cs~.k, 

1 

3 

5 2 

6 1 

7 3 

8 1 

9 1 

!0 0.5 

!I 0.5 

12 C2) 

13 (i) 

z4 (~) 

15 CCS))* 

16 (CI))* 

17 (2) 

Total # WP.s 24 

.Desc=¢?t~o= 

Design and assembly of ~'j-I 

Pressure testing of CEU-I 

Flow calibration of needle valves for CRU-I 

Tempera~Jre testing of CRU-2 

Redesign of Dc~.herm ¢£rculation loop and 
preheaner for CEU-I 

Temperat~ze re~asu of CEU-I 

Design and equipment spec!fica=ion for CRO-2 

Consultation ~i~h vendors and order 
p!acemenns for CP, U-2 

Design of analyt"ical package for dual 
systmn analysis 

Consultation ~ri~h Varian, Ha-~lett-Pack~d, 
and MSA salesmen prior no ordering 
anal,-uical package 

Literat~re evalua~/on of Autoclave Engineers 
CSTCR and consultation with AE sale~n 
p.--lor to placing order 

~abrication of ~,U-2 components 

l~ressu~e and ~e~peraCure t s s t  of CKU-2 

Flow conCrolier calibrations for QIU-2 

Pamel mounUiuE of ~ },~LR analyzers, 
recorder a~d progr~d sequenc£ng t'ime::s 

Panel moun~Ing of temperature recorders 

Complete sk~kedc~m of C~U-2 

Zntegr-ation of mmly~ical package wi~h 
CXU-I an~ ~U-2. 

*These subt~sks w i l l  5e performed by Mellon Zns t icu te 's  Instruments shop personnel. 

+items in  ~arencheses represent work %~zich has Seen scheduled but  which has no= 
been completed. 
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TaSle 2 Schedule of Remainln~ Task I Pr~o~ec~s 

No. ~eeks ~+ 

Ztem No. '~ Subr.aks l 

((8 

2 

5 2 

6 I 

7 2 

8 2 

9 1 

lO (3) 

C3) 
12. ( I )  

13 (I) 

~4 (2) 

~5 (2) 

T o t ~ l  # ~ 7.~ 

Descript ion 

Design a~d £abrication of electrical 
components of C~U-2. 

~anel moun~ing of ~ ~DIE analTzers, 
recorder  add programmed semmnci,~E_ ~.mes. 

E l e c t r i c a l  overhaul and panel mounting of 
rmm~.rature recorders. 

Complete shakedown of CRU-I at "reaction 
test : "  cozldit iOa.S. 

Redesign and modification cf ~U-I's 
r e a c t o r  and preh~ater system. 

Tense. racure retest of ~U-I p~--lor to 
catalyst reduc rich. 

Assembly and modifications of gas chramato- 
ETzphic analytical sTs~m.  

7~L~lla t - ion of c c ~ o n  gas de l i ve ry  sTst:em 
for CRU-I and CRU-2. 

Panel mounting of temperature recorders. 

Co~!etlon of £ab~ca=ion of O~U-2 
piping system. 

l>ress~e and tez~e, racure tests of CEU-2. 

Furr/~er evaluation of h-DIE a~aiyzers t o  
unravel CO 2 problem. 

Flow con~roller calibraLions for C~U-2. 

Complete shakedown of CRU-2. 

InteE~-ation of anaZytlcai package ~th 
(~U-I and CRU-2. 

+Ttens in parenr3eses represen~ work vhich has been scheduled but ~hich has 
not been completed. 

*Half of r3/s work was performed 5y Mellon Institute's Ins~ments Shop persounel. 

~*These subtasks were performed by Mellon !nstitute's Instru=ents Shop Personnel 
and are no~ counted as part of the total number of weeks devoted ~o ~ha r~sk. 
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i. Ca~alTt ic Reace.or ~=it-1 

Cata l y t i c  ~eactor U~/ t -1  (CRO-1) i s  essent ia l lb ,  a f i l ed -bed  re -  
ac tor  sysuem designed fo r  Fischer-Tropsch and ~e~har~t/on ca=alysns screen- 
ing ~ests. ~ shc,~,Id~ therefore, be capable of operau!ng in the ~.~p~ra~ure 
range fTom I00 no ¢00-C a~d a pressure range from 0 to 200 psig. The orig- 
inal design consisted of a gas-delivery system emp1oyin~ very fine meter- 
lug v~Ives (operated a~ sonic flow conditions) capable of bl~ndiug seven 
gas s~reams ~o feed a fixed-'~e~, l-inch~ ~ubula= reactor. ~nis reactor 
was ~e~pe~acure eontTolled by boiling Do,.harm. After several preliminary 
~rials involving prolonged runs at ~00°C to achieve adequate catalyst re- 
clue'.ion, severe eroslon of the reactor tube ~ obserwa as ~el! as notice- 
able deterioration of the DowCherm. 7n addition, ~emperatures above ~00°C 
%~re dlfficul¢ ~o maintain. Fort~uately, a 3-zoned 2-I/~ in. diameter t~ube 
furnace became available from another pro~ecU in the laboratory, at ~his 
t : fJ~. Consequently, the decision was made t o  evaluate this furnace for 
stable operat"ion. The system ~as modified ~o acco,~.nodate this furnace. 
.~!guTe 1 shows de~ails including positions of the thermocouples. Each of 
the ~hree zones a~e 8-inches in !ength and con~rolled 5y a temperature con- 
~oller; the firs~ t~o zones a~e used for ~rahea~ing the feed gas to reac- 
t.ion ~e~pera~ure before en~ering the ~.h~rd zone or catalyst bed. These 
zones are paclo~ with ceramic ~eads to provide adequate ~rbulence and gas 
heat-up. The thir~ zone controls the :emperat~re of the c~talys ~ _ be~ (~hich 
has a =mdJ=um bed volume of 90 =n 3) . Thermucouples are placed at regularly 
spaced intervals within the rear=or tube as ~ell as an four positions on 
the skin of the reactor. Heau ~ransfer calculations based on ~he usual 
cozTelanlons ~or forced convec~on in packed circular ~ubes* provided an 
i.~ica~ion of the length of the preheat zone required for specified condi- 
tions of skin ~amperaeure and desired bed temperatures. These calculations 
~aud su'~se~ent expe~nts, ~herein the temperature ?rofiles ~hrough th~ 
preheat and catalyst be~ zones ~ere measured, indicated ~hat the 16-inch 
preheat zone ~as more ~ a~equate to maint~in an isothermal bed. in ad- 
din:ton, these t:ests indicated ~han s~eady-s~ate ~empera~ure profiles ~ere 
esuablished ~¢i~h~n ~nuy minutes of a s~ep-change increase in the f~rnace 
temperatures. Temperatures of 450°C could be achieved within thir~-y min- 
u~es when the initial =empera~ure was room ~empera~ure. 

Table 3 shows the r e s u l t s  o f  a s t ~ 7  i n  ~h£ch the performance o f  
the seven sonic-nozzle f l ow  con t ro l l e r s  ~ere evaluated.  Column 2 ind£cates 
~he t o t a l  f !ow ra tes  v h i l e  composit ions are g iven  i n  columns 3-7. The Zas= 
column gives the r e l a ~ v e  peak areas based cn carbon monoxide. The r e s u l t s  
indicates that ~ha greatest scarcer £n ~he d~a resulted _From the nitrogen 
~aca. Eo~ver, all of ~he result3 shcr~ less PJ2an a five percent deviation 
from the mean values, t:tms, indica~/ug Lhat good flow control can be achieved 
over a ran~ of flow rates in a reproducible manner. 

See for example, E.B. Bird, W.E. S~e~rt and E.N. Lightfoo=, T~ansport 
Phe~o=ena, ~. Wiley and Sons, Inc., ~ York <1960), pp 396-412. 
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~ablo 3 Evaluation of Sonic Nozzles £o= Flow MeasuremEnt 

by_ Gas Chr~natography a 

Run # 

Tol:al 
F1.ow Rates 

Hole Z Component 
Peak Area Rakes b 
R e l a t i v e  to  CO 

112 .4R N 2 CO tle II2/CO A~/CO N2/CO 

1 1761.3 22.28 27.59 16.71 22.81 10.61 0.0273 1.238 0.737 

2 1741.3 22,28 27,59 1~,71 22.81 10.61 0.0276 1.258 0.835 

3 1741.3 22.28 27.59 16.71 22.81 10.61 0.0271 1.253 0.824 

4 t556.6 2&.92 30.87 19.00 25.52 ~ 0.0269 1.233 0.814 

5 1556.6 24.92 30.87 19.00 25.52 -- 0.0276 1.236 0.812 

6 1915.8 20.25 25,08 15.19 20.73 18.75 0,0281 1.244 0.849 

7 1915.8 20.25 25.08 15.19 20.73 18.75 0.0277 1,250 0.820 

8 2960,7 13.10 16,23 9.83 13.42 47.42 0.0284 1.252 0.87.___~4 

<0.0276> <1.240> <0.82Z> 
± 1.6Z ± 0.7Z ± 4,8% 

O 
P4 

aGas chromatography done on Perkln-Elmer Model 154C using a 50:50 mixture of molecula¢ sieves 13X and 5A 
at 100oc. Carrier gas was hetlum_at 60cc/miu. ~eak In~es~atlon aceompllshed usln8 tile Varlan CDS-10L 
data analyzer. Sample s i z e  = 2c~, 3 . 

bi'.olaf~£ve flow rat:los (X']./CO) ace conatanl: at; H2/CO = 0.977; Ar/CO - ~.2t#;  and N21CO = 0.733. 



2. Caca17¢i F Reactor Uuic-2 

~hereas ,  work on CEU-1 i s  p r o c e e d i n g  a t  the e x p e c t e d  r a c e ,  ~ork  
on (1%U-2 has  l agged ,  somewhat, behind s chedu l e .  This i s  due £~ p a r t  to  
delays by ~upvLiers hut more so by a backlo S of work scheduled for comple- 
tion by the Hellon Znstlcuce Tnscrmnencs Shop. The major piece of equip- 
merit, the 3 e r t y  CSTR r e a c t o r ,  f £ n a l l y  a r r i v e d  and i s  being i n s : a i l e d .  This 
u n i t  cone~4ns a 3 - k i l o w a t t  h e a t e d  JackeE.  S ince  the  Nanmac CemperaL~r~e 
c o n ~ o l l e r s  cmmoE han~is t h i s  hi~.h vaccage, a mercur 7 relay sw'/.Cch 
=o be fabricated Co provide the ~ecessary temperature cont ro l .  _This sys- 
Cem has been Installed and ~_s beln~ tested. 

~he gas d e l l v e r y  system :~hlch v l ! l  be ¢ c ~ n  f o r  bo th  r e a c c o z  
unlCs has been I n s t a l l e 6 .  This  u n i t  c o n s i s t s  o f  h i g h - p r e s s u ~ e  gas = a n i f o l d s  
vhich allow two or three gas cylinders to be connected in parallel. In 
chls manner =esc runs of several days duration can be accomplished. For 
convenience and safely C3e gas cyl inders ~ere installed alo~g one ~11 of 
-~he l a b o r a t o r y ;  1/t+-inch s t a i n l e s s - s t e e l  tubing runs overhead to  connec t  
these cylinders Co the gas delivery panel. In FiguTe 2, Ch~s unic is lo- 
cated in the center of the pho~oEra~h. Gases can be  distributed Co both 
reactors from chls panel. 

3.  A n a l y t i c a l  Package f o r  ITodu~t  Ana lys i s  

One o f  the  key £ea t~res  o f  nhe p roposed  r e s e a r c h  ~ roSr -~  i s  the  
c a r e f u i  aCCen~on" t o  ~ d e t a i l s  o f  nhe produ~c d l s~ -£buc ion  f o r  the  v a r -  
ious  - . a t a ly scs  ~ / c h  r i l l  be i n v e s ~ l E a t e d .  To ub/s  end bo th  c ~ n ~ m ~ u s  
and t ~ c e r m i t c e n c  a n a l y s e s  ~vl!l  be o b c a ~ d  co d o c u ~ n t  ube per£o~mance o f  
a c a t a l y s t .  Con=iuuo~s ana lyses  ~ 1 i  be per formed fo~ carbon  mm~oxide, 
ca rbon  d i o x i d e  and menhane us ing  MSA n o n - d i s p e r s i v e  i n f r a r e d  a n a l y z e r s  (RDIR). 
intermittent analyses cf the c~zplace product spectrum ~r111 be ach/eved by 
Sas chromatographic  a n a l y s e s .  Because o f  b u d g e t a r f  r e s t r i c e ~ o n s  on nhe 
contract,  i t  hecate a~parent chaC =egl icacion of  the analyc/cal  por t ion 
of Che t~ro systems was noc feasible. Therefore, considerable error ~ . was 
devoted  t o  deve l op l z~  an a n a l y c l c a l  package ~ c h  ~ u l d  be compa t ib l e  t o  
bo th  sysEens and a c h i e v e  the goal of con~lunous zxmC:o~m8 o f  each = e a c t o r .  
~h i s  p~.ckage was des~- ' ibed i n  der~Ltl i n  r.he f i r s t  q u a r t e r l y  r e p o r t .  A l l  
o,~ ~ e  c~m~o~ents ~n / ch  ~e re  ~ u n ~ m d i ~  a r r i v e d  d u ~ i ~  P.his p e r i o d .  The 
t h r e e  ND~E a n a l y z e r s  f o r  C02, C~ and C~ ~ e r e  s e n t  i = ~ e d l a r ~ l y  co Mellc~ 
~nsciCute for panel mmmci=~ in a unit ~,/ch concalns the anelyzers cud 
a 3-point-10 mill/volE recorder. In Figure 2, the uni= is l¢cated on the 
far left. CUrrently the  u n i t  is being reseed wlch several blends of Eases. 
The carbon dlo:ci~e analyzer appears co be less responsive than its specifl- 
caclons indicate chac Ic should be. This problem v~ll be exa=ined ~urcher 
durl=@ the nex t  qua~r~-Tly p e r i o d .  Train~nE of personnel on these inscru- 
meucs is oCheru~_se in progress. 
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4. Task l,,- T~oyk_Forecasc for  Thi~l (~a~ce~ 

Table 2 ',~mmn'izes nhe vo=k ~ a ~  i s  scheduled  f o r  =he next  quar-  
Ce-'ly per~.c.d. ~ e  major en~has£s w i l l  be p l i e d  on secC~n~ ~U-2  back on 
schedu le  ~ the ~rstn~ug of p~rsom~Z Co use =he v a r i o u s  p i eces  of equ~p- 
~ n C  .~afe ly .  

B. Task 1~ - CarmlTs=s Screentn~ Tests  

1 .  l n ~ r o d u c ~ o n  

Task ,.~ r e p r e s e n ~  ~he most i m p o ~ C  ~ask i n  ~his  r e sea rch  p.~oj- 
ecc  - -  ~he d e v e l ~ t :  o f  caua lys~s  foz ~ e  synnhes i s  o f  gaseous hydroca=- 
bons.  F£Eure 3 p re sen t s  i n  b l o c k  d i a E r ~  fo==ac r~e a i r . m a U v e s  fo r  syu-  
chesis gas f~om a coal Easiflca1~on p=ocess. 1 :  should  be emphasized chat: 
Che Fische.T~copsch r-ouCe offers severel ai=erna1:~ves for the use of a coal 
d e ~ v e d  ~,~C~es~s gas. ~ e  pr imary goal of cbts projec t :  ~s Co aZCe.r the  
Cyp~ca~ ?roducc  d~s~-£buCion ~nd~.caced by the  s o l i d  Lines  o f  F~4~u~e ~ ~o 
r~uaC i=d /ca~ed  by ~he dot:~ed curve. ~ 4 s  ~.;11 be acccazpl~shed by. a c a r e -  
f u l  a~al~sis of the process .-,~'~,ables inclu~'L~E c~..q~ysC choice, =eaccor 
t:e~-e~-z.~--~-e az~ p~essu~e, and H~CO ~ac~o. .C~uce c ~  ~ e ~ b a s k  v£11 
be z e q u ~ e d  Co a c ~ e ~  cl~s goal, ~o~k ~am cl~s  po£nt  ommrd ~ust: p~oceed 
• . n  a rammer as o ~ L ~ e d  i n  F£Eune 5 ~h£ch shows ~be c ~ c ~ c u s  :ou=es chac 
~ e  w o k  ~ t  fo l low.  

a- 

Wok i n  ~ cask beEan as  scheduled dur!nS the  second cFua2"~=ly 
per£od.  To ~usu~e s a f e t y  o f  o p e r a t i o n  as ~ e l l  as  ~ u ~ . ~  o f  ~eaccant: sas  
bleudi~ a=d p=oducc a n a l y s e s ,  p r e l l = ~ u a r y  s~=d/es £m,olv'~.~ o l e n i n  hy~- 
S e ~ a ~ o n  ~ere  m x k = ~ e n .  ~hese s ~ e s  inc luded  the  s i=ul~a=eous hydro-  
genac~on o f  etlqVZene a=d p_~opylece ove~ • ~ pz~moced =£ckel c a t a l y s t .  

6 sumns~£~es the  z~uZCs  o f  "_bose s t u d i e s  a=d p o i n t s  ouC the £act: 
~hac care =msc be e=mxc£sed =o ~ d  t~e ]Aatr~=£c:s o f  = a s s - ~ m s f e z  e f -  
~ec:s ~ £asc :eac~tons. De~ ice  cbe malZ v o Z ~  o f  c a ~ l y s c  (1.2 : = ' )  
and h igh space v e l ~ L = L u  (131,000 co 262,000 h : - l )  ~ e  : e a t e r  ~ as 

i n r ~ q ~ l  :ache: tha= a d£ffe_~=~,~l reacca:. ~ e  l o w =  ca~LlTSC ace~v- 
£ t l e s  ~=vol~md £n F i s c h e : r - ~ o p s c h  s y u c h e s ~  should em~bLe us  co overcome 
the  d i f f / c u l ~ T  exper ienced ~n ~ e s e  p r e l i ~ m n ' y  r~st: r u n s .  

2.  Task I I  - .Forec=st  for  ~ _q.zrcer 

r.be ~ qusxce~,  am J.Ton based ca r . a ly s t  t r i l l  be t e s t e d  
i n  CXU-I. Teac ~ ~11 Ir.1~Lally be ~ on ~ - . ~  closet7 resmbL~ 

w£11 be c o n ~ e d  a:  both btSbe: =e=pera~ure: sad space v e l o c i ~ e s  co de- 
:be e i f ec :  on product d£sc=/bu:tou. ~ : u : l ~  v111 r~m be used 

r~ cmq~=e o ~  caCalTSC focsmlac tou  over ca~:~nbZe ~ taxi p ~ s -  
m~e  rauL~.s. 
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c. s_ac~:oAm4~ work ~or Zes.k Zv - ze~st£c s~£es 

~e object/re of this task is co obtaln a fundamental understand- 
In8 o£ ~he h Vd~osen~tion of carbon monoxide reaction. As indicated in ~ig- 
~r¢ ~ ~L~tu~es of hyd~oEen and carbon ~onoxide react to form methane u~er 
~ue set of conditions (mention) or hisher hydrocarbons (alkanes, olefins 
~u~ alcohols)-- the Fischer-Tropsch synthesis under another set of condl- 
riot. Since ~he catslyscs are similar in many respects, the iui~la~ re- 
action inter~e~laces, i.e. similar reac~on mechanisms, ~msc be common to 
~oth aystems. ~herefore, s~udies i=volvin8 the characterization of reac- 
tion inCe~me~iate$ an~ surface species should be useful in undersr~ndin8 
~o~h 'cesCt~o~ ~ys~ems. Such stl~ies, therefore, must involve techniques 
~hlch per~i~ ~he el~cldation of relevant surface species. The coupling 
of infrared spec~oscopic cechniques with traditional mechanistic stud±es 
of~P--Ts the 8;~eetesn poten~.ial fo= providing the needed tnformat:~on. Tech- 
~:~ques ~ be£Z~ de~eloped 1:o facilltal:c such studies for both supporl:ed 

uusUPPo~:Ced setal catalysts und= this bssk. 

To da te  ~he major e f f o r t  has been devoted ~:o developing a t ech-  
nique :0 ~nudy u ~ p p o r t e d  mal~l caL~lysts by i n f r a red  spec~zcoscopy. Since 
the ~etails of this aerosol-Sed technique fo r  a nickel catalyst ~ = e  reported 
in the fi~s~ qua~¢arly =epo=t, we rill focus on ~ou'~ accomplished durin~ 
this secOnd ~e~io5 az~ indicate ~at fu~e exp~nts ace plmme~. How- 
e~e=, s quick ~evie~ of  the technique =Lr~ht prove more in~or~at ive .  

I. A Svs~_~ fo ! St'!~d.i.es o.f...'qickel Aerosols in the ~_.n.~az.ed 

Since nickel is the most effective methaz~Lon catalyst, ~e have 
i=~t~a:ed o,~ stuSies using thCs m~-z-£al. Bz-lefly, the aerosol-bed tech- 
~t~u~ i~V~lveS 8e~-Ta~ton of  the cata lys t  by arc -vapor iza t ion  C e ~ q u e s ,  
~a$-phase ~sn~fe~ of  the aerosol to a !onE-path-length infrared cell where 
observations of surface reactions are made, and removal of nhe aerosol from 
the sys~e~ by elect~osCa~c preclpi~a~on. Arc va~zatlon, which £s the 
~ost  s0phls~LCated o f  r~e seve ra l  unto opera t ions  involved i n  t h i s  p rocess ,  
:te emplOYed ss a ~ear~ of 8e=eratin8 a clean metal surface of s~ffic~ently 
a~all ?si'tlcle sSze so as CO permit: infTared ~nsmission throush the bed. 
~= ~h~s p~oceS~, ~ha n = ~ l ,  e . g . ,  z~ckeI,  i s  vapor lzed an temp~. ra~es  i n  
excess of  ~O0oK by ~ a n s f e r  of  a high i n t e n s i t y  e l e c ~ - i c a l  arc  to the su~- 
fsce Qf a plus of r/m renal ~nich ~erves as the electrode fo~ the circuit. 
31~-e the me~al ~s ~ell above its 5o!Ii~8 point, vaporization occurs at a 
~ a  p ~ o p ~ o t m l  ~o the  amoun'~ o f  heac t r a n s f e r r e d  to  ~he sur face .  Hence, 
a dense ~,~s of ~e~a~ atoms is ~roduced. ~n thls case these nickel atoms 
~ atcmoelus~e~s s~e ra~Idl~ quenched within ~he vapo~izatlon chamSer, ~ud 

a-~l~t ~ the system by ~ helium c a r ~ e =  gas. As ~ - ~ L ~ I  aero- 
so~ emerges £=¢m the vaporlzacion c~=ber ,  it passes ~o,sh two heat e.~- 
~U~eE5 ~ne~ e i~s te~pe=s~u~e is adjusted as desk.red. The aerosol then 
l~Sses Snto s 40 mer~r ~ilkes lons-path-lensth I~ cell ~Ich is modified to 
¢e~aCd ~el~siCion of the ~ckel panicles on the miz¢o= surfaces. 3ecause 
~=kel ~n such finely ~[vl~ed scares .~¢p~ese=ts a potential health an~ safe- 
ty haccTd, the aerosol is cleared by p~ssage th=oush two electrostactc pre- 
¢:~.pital:ocs I~ pa~sllel ~e~o~e ~ent/n8 the ~as. A~sorbaCe gases can be 
~ectea Into  the a~roso l  ~ust p r i o r  to en t rance  no ~he CnfTa~ed c e ! l .  
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Spect~a~ ohsez'Vat:Lons are made £irsC i u  the absence of  adsurbace gases,  
i . e . ,  b a c k h a n d  coudi t tons ,  then in  ~.~e presence of  adso~bace gases,  e . g . ,  
Co, H~, CO_, or  ndxCures of  these  gases .  An equ iva len t  concent ra t ion  o f  
adsor~ace ~ases in  the r e fe rence  beam of  ~.he Becknm~ ~11 12 in f ra red  spec- 
t~ol~ho~te/ ttsed for ~hese sL~ies ~ts compensation for ~ gas phase 
effects. Thus, r3e difference bet-~een ~ese ~ spectra represents t~e 
s-p~=~=~ o~ adsorbed spec ies ,  assuming of  course chac the background reeeXns 
aon~r-~nC ~er this period. ~n ~hls manner, a mumber of mechanlsclc studies 
~ 1 1  be conducted tr£ch the ob~ece~ve of characcer£z£n8 the r e a c t i o n  ince r -  
~ d ~ a ~ e s  at nhe surface of ~he catalyst. 

This sysr~n has several advaneages and dis~~es associated 
w~h it. ~ its ad~ant~gea is the removal of ehe c a t a l y s t  SUl~C~t and 
c~nsec~e=C!~ the opporcun~c~ t o  observe low frequency ~n_C~red vib=at~ons,  
t~leally ~.~.. ~ reEion where su~face-~.o-adsocbaces bonds are e~pected co 
~ s o c b .  T~ese observat ions  would be unobtainable  o c h e r ~ s e .  Because of  

~a~r o£ o~eza~:Lo= ~,~Lcn is e s s e n ~ l a l l y  plu~ ~low nh~ou~h r3e ~eacco~, 
o~e i s  always o ~ s e r v i ~  a ~resh su r face .  This su r face  may c o n ~ n  adsorbed 
sl~eclea ~ ' p e n d ~  ,pon ~hecber or noc adsorbace gases ve~e ~ncroduced in -  
t o  C~e ae~oaol s t ~ e ~ .  This means Chic a r e ~ ~ = ~ o n  of the c a t a l y s t  
i~ ~he mS~ner a~soc/aced ~rlr, h p~essed-dlsk  ~E samples is noc pe rmlss ib le .  
~Is Places a sCl-Lu~euC ~equ~re~enc on the race of aerosol gener~t£o~ -- 
£ t  ~ ~ c o ~ S ~ C ,  a=d on the p a r ~ c l e  s ize  ~ c r S b u t t o n  in  the ae roso l  
- ic  too ~ ~ O n ~ c ~ n c .  Tes ts  o~ the senerac~ou : ace  d ~  c ~ - h o u c  
p e ~ d ~  of o p e r a . o n  ahcued Chac the race of  ae roso l  generaULon v a ~ e s  by 
le~s r.ha= 5 percent  ove~ Ch~s pe r iod .  

To d~Ce ch&s p r o j e c t  has evolved co the s tage  v h ~ e  a l l  o f  the 
ea~l~e~ p~Oble~s assoc ia ted  wi th  removing 16-kLlovatCs of  hea t  f~on the 2- 
LtCe~ ~eq~r~zaC£on chamber have been solved. As a r e s u l t  we can generate  
~ o s O l  r o u t i n e l y  ~or any des£red p e ~ o d .  We have noted,  houever,  Chat 
~=~.=g ~ prolO'~ed runs (2 Co 3 hours of ae:rosoZ generar.£on) r.he oD- 
e ~ a C ~  cI~-acCe~/~t:~cs o f  cbe Co~ch chm~ed no t i ceab ly .  The e f f e c t  o f  
c lose  a~l~sht ~ have been co produce d r a s t i c  ~ i n  the back~ound 
S P ~ c ~ .  ~ne a v e c ~ l  e ~ e c c  ~s co produce a p c ~  qua~Cy specCrun ~d~ch 

~:erpz~r.at=;.on d ~ c u l t  ~ not  iW?osslble. We have cra ted  the source 
of  ~ p:oblem8 ~ u u c o n c r a l ~ l e  osc£1Lacions in  the cu r ren t  suppl£ed by 
~b~ ~ ~eld~m; ~ad~nes ~hlch ope~a~ uhe plas~ ~or=h. Since we have 
be~n a b l e  co e s t a b l i s h  ~ sccong c o . c l a Y t o n  beceeeu the operac~ug curcenc 
l e v e l  ~ l  ~ ~ r o ~ o l  Se~e~a=Lon r a r e s ,  ~e cu r r en t l y  a re  e x p l o r i ~  mee.hods 

e.~e~e.lse ~.-ea~e~ c o n ~ o l  ove~ r.bis b e h a ~ .  A e.~ple~e ~alys£s of 
Ch~ s ~ S C e ~ o p e ~  ch~aece r~sCics  i s  in  p rogress .  ~ £ 1 e  t h i s  sys tem's  
of ae~oaol Elcccuat~ous has l ~ c e d  i n ~ l ~ e d  s~ud~es, i t  has noc p~eve~ced 
~s ~c~m c l ~ r a c C e ~ L ~  the c z c a l ~ c  p~ope~c~es o f  C~e ae roso l .  These a~e 
descr ibed i u  c~e ~zxc sec t ion .  
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~. Aerosol  C=aracterization 

The s'~rface area o f  a number o f  ae roso l  samples have been mea- 
sured ~y the ~ET ~enhod using argon adsorption at -195°C and by CO and H, 
cho~iso~clon. The values range from 14 mZ/E to 63 m~/g in a manner tha~ 
s , ~ e s t S  a correlaulon be.~een generation rates and aerosol surface area. 
The hi~her ~he generation rate th= lo~er the surface a~ea. ~aese studies 
~e~e ~ad~ ?os$ible by the fabrication of a new sample collection cell shown 
in ~i~T~ 7. This is ~u all-glass cell containinE a fine grade, fritted- 
~la~s ~ube ~hr~Eh which the aerosol is drm~n by a vacuum p~np. Collec~ion, 
~he~e~o~e, is obtained ~Ithou~ exposure ~o nhe envCronm~nt. A number of 
elec~on ~ic¢o~aphs of aerosol samples L~ken under various condiEiov~ also 
ha~ be~n ~ s u ~ e d  and will 5e descr ibed  in ~he next quarterly period. 

~. Ca~al~ic Hydrogenation Studies 

To establish the catalytic activity of the nickel aerosol, a s~udy 
of e~hYle~e hyRrogenation was under-.c/ten. At 25°C ~-:1 and 1:1 hydrogen: 
e~len~ ~L~t~-es were hydrogenated in a sample cell. similar to /:he one 
sh~ ~z ~iE~re 7 containing 7 ~g Ni. Analyses of the data show that ~s 
~i~kel is quite active, i>¢e-axposu~e of this ca~.yst to hydrogen produces 

3-fold increase in activity which decays with m-~sequen~ pulses of the 
~e~c~iO~ ~L~ture 1:o the initial values. In addition, an apparen~ increase 
in a~i~IcY to a steady-s~ate value occurs with subsequent pulses of "the 
~eac~io n ~l~-_~e. These studies coupled ~ri~h a literature review of eth- 
yle~ h~d~oE~n!o~ over nickel catalysts appear to  suggest a mechanism 
~n~ch i~vclves aceCylenic s?ecies on the surface. Since the analysis is 
innon~_l~te at ~LiS ~L~a, further details will be delayed until the nexu 
~ua~er17 ~ez~od. 

4. S u ~  and Task Forecasts  

To date we have moved closer ~owards developing an infrared tech- 
nique ~o~ StudyinE unsupported met~l catalysts. We have been able to cor- 
rel&~e pcc~icle size to aerosol ~eneration rates. ~owever, signifi~u 
p~oblents S~ill plague ~his sysuem. These problems will be addressed dur- 
ing ~h~ ~ext period. In ad~itlon we are approaching a mechanism for eth- 
ylene ~drOEe~atlo~ ~dnlch embodies all of the known fac~s ab~t ~his ccm- 
Ple~ reaction. .qo~e time is needed to complete this model. Also, ~ have 
u~dertaken a model of the aerosol generation system which should predict 
t-he ~J~=essary contro!s which must be exercised ~o achieve stable infrared 
S~es~a. 
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IV. CONCLUSZ0~S 

Throughcut the 9revious section we. have stated the work accom- 
plished in this contact. In Task 7, one reactor unit has been remodeled 
to provide 8rearer temperature flexibility. While proEress on the second 
~:e.actor m~.it: has  laEged 5ehi~-~ schedule due to sever'~l unforeseen equipmenu 
delays, it appears that we %~!I be back on s~.hedule 5y the end of the next 
period. The analytical system has been deli~Tered and is neariz~ completion 
%~_th the exception of the noted problem assoeia=ed %~ith the CO_ ama!yzer. 
l>relimluary ~ork in Task 77 has been encouraging to the point ~at ~e an- 
ticipate comple~ the evaluation of the first catalyst durin E the early 
stages of the next period. While problems st-lll exist in Task IV, several 
measures of success sre noteworthy. A ~Teater undersL~ndinE of the aero- 
sol-infr~ed technique has been achieved. 

Du~ing the second quarter, the Princi?al Investigator revie%~d 
two research proposals for ~DA ~d participated in the joint EEDK-~.SF/~ 
- EPKZ l>:incipal Znvestigators Conference held at Salt Lake City, U~ah on 
October 22-23, 1975 in compliance with Task V~z! of the contra¢=. 
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V. AI~EIq)I~ A - CONTRACT TASKS 

The i n v e s t i g a t i o n  of  c a t a l y t i c  syn theses  o f  gaseous hydrocarbons 
s h a l l  proceed according to  the  fo l lowing  t a s k s :  

I. Task No, I 

a .  Equipment and a p p ~ a t ~ s  s h a l l  be a~sembled and i n t e g r a t e d  fo~ 
the study of catalytlc synthesis of hydrocarbons by ~a~ns of ~as chroma~- 
graphy and £n sit~ h igh-p res suxe  i n f r a r e d  sp~'rc~e~-F. - : a t a !ys t  syst~ 
employing boeh f i xed -  and f l u / d i z e d - b e d  mode of  o p e r a t i o n  s h a l l  be p rov ided .  

b. Simultaneously with this effort the Principal Investigator 
shall ascertain in greater deta£! ~ou3h discussions with catal~st man- 
ufact~rers and users, the catalysts currently being employed for gaseotm 
hydrocarbon synthesis, and the principal problems with use of such catalysts. 

2. Task No. 2 

Screening t e s t s  s h a l l  be developed fo r  e v a l u a t i o n  of  c a t a l y s t  
formations used in synthesis of CI-C 4 hydrocarbons. ~he adequacy of the 
tests shall be verified =sine catilysts known to be effective for such 
reactions, The tests shall be used to evaluate new catalyst p-eperations 
that offer ebe possibility of improved effectiveness and resistance of 
poisoning and s ! n t e r i n g  under the  conditions of  synthesis o f  v ~ ' i o u s  Easeous 
hydrocarbons from carbon monoride-hydrogen m i x t u r e s .  

3. Task No, 3 

The most promisinE c a t a l y s t  fo rmula t ions  ob ta ined  from Task 
2 w i l l  be used fo r  k i n e t i c  s t u d i z s .  Da=a obta ined from the  s t ud i e s  r i l l  
be used to develop equations fcc. predicting product yields of gaseous hydro- 
carbons as a f u n c t i o n  of  tenperat-dre ,  pressure~ H2/CO r a t i o ,  and o~..her ex-  
pe r imen ta l  parsmer~ers. The daea w i l l  a l so  be i n t e r p r e t e d  in  te_-ms of  pos-  
s i b l e  r e a c t i o n  mechanisms, to se rve  as a guide f o r  more d e t a i l e d  s t u d i e s  
(Task 4). 

4. Task No. 4 

Stud ies  s h a l l  be c a r r i e d  out on the  mechanism of  format ion  
and t~3pes of  reac.~ion i n t e r m e d i a t e s  formed dur ing the  c a t a l y t i c  s y n t h e s i s  
o f  gaseous hydrocarbons us ing  the  apparatus  and approaches descr ibed  in  
Task I. In addition, catalyst poisoniug and mass transfer effects will 
be assessed via a gas chromatographic pulsed tracer technique. 
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5. Task. No. 5 

Alternative cata!yst preparation approaches will be under- 
taken, involving (a) the M~chalko technique for imbedding catalytically 
active metals at a con~rolled depth within a catalyst pellet, .~nd (b) de- 
velopment of catalyst formulations for simultaneous shift conversion and 
me~anatlon. 

6 .  T..ask No. 6 

Tests of long-term aC~.VtL'y, poisoning, and regeneration of 
catalysts shall be car~led out in laboratory apparatus, and evaluations 
of the most promising candidates shall be conducted in a fluidized-bed 
r e a c  f'OZ'. 

7. Task No.. 7 

Re data obtained £Tom Tasks I nhrough 6 shall be stmmmzized 
and iuterpreted in the final report on ~he contract. ~is final report 
shall include the a~vantages and disadvantages of each catalyst ~ysten~ 
~he economics of production of S~G and SLPG from coal-derived synthesis 
gas using different catalyst fo~-m~lahions= and recommendatlons for addi- 
tion~'l research in the field of catalytic synthesis of gaseous hydrocarbons. 

8. Task No. 8 

The Principal Investigator shall furnish consultation and 
advice on subject related to his exmertise, at such times and places as 
mutually agreed upon. 

these tasks shall proceed acco=diug ~o =he folloving tentative schedu!s, 
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