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" A h s  tree t 

The objeati~'eS of this research program are to develop improved 
catalyst systems for preparatiGn of gaseous hydrocarbons from coal-deri%,ed 
mixtures of carbon monoxide and hydrogen, and to develop a fundmuental 
understanding of methanation and Fischer-l~opsch synthesis~ To ~Iccomplish 
these goals the work will be divided into several tasks as follows:. 

• . Tas,~ No. II Catalyst (I) Task No. i Equipment Assembly; (2) -- '- - . 
Screening Tests; (3) Task No. iIl- Kinetic Studies; .(4) Task 
No. IV - Mechanistic Studies; (5) Task No. V - Catalyst Prepa- 
rations and/or 6qlaracterizations; (6) Task No. Vl -~. Ex~ended " 
Catalyst Tests; (7) Task No. VII - Project SLeety; and (8) Task 
No. VIII Consultation and Advice by P.i. to ERDA. - 

A tinetahle for these tasks has been dei, eloped which represents a more 
realistic approach to managing the project. Dating this initial quarterly" 
peri(d, work has been devoted largely to the areas of Tasks I, IV, and V. 

In the area of Task I, one catalytic" reactor unit (CRU-I) has 
been completed and its flow system has been calibrated. This unit has been 
operated for several lengthy periods at reaction te~mperatures and pressures= 
A Second catalytic reactor unit (CP.U-2)has been designed, equipment spee- 
ifie~ and ite~ms p~,rchn~od: -~,~is unit ,~¢11 have feat,ares simi!;_~r to CRU-I 
with several improvements in i£s flow diagr:,~-n,. Reactant and product gas 
anal] sis for 5oth units %~i!! be achieved by a ce~bination o~ gas ehrc~...ato- 
graply and infrared non-dispersive analyzers (NDL~.)~ NDIR analyzers have 
been ordered from }line Safety Appliances for carbon monoxide: carbon dioxide 
and methane. Complete analysis will be achieved by gas chromatographic 
analyses of the two reactor stre~-~s. A Varian CDS-IOI Chromatography Data • 
System unit has been ordered to control the GC's. Delivery is scheduled 
for early September. 

In the area of Task V, several iron, cobalt and nickel based 
catalysts have been prepared or obtained from c .er~_.ercial suppliers. ~nese 
include catalysts supported on kieselguhr and on alumina, ll, e total and 
metal surface areas of some of these catalysts hr.ve been detemnined by BET 
methods. For so~,e of the catalys~s, chc~uical a~alyses of the actual metal 
contents have also been completed, l'nese characterizations should .provide 
greater understanding of the catalytic activities ~.~nich will be obtained 
during the screening tests (Task II). 

In the third area (Task IV), considerable progress has been made 
towards developing a~ infrared technique to stvdy unsupported metal cat- 
alysts, To date, generation of a nickel aerosol by sophisticated arc vapor- 
ization methods has been reduced to a routine procedure and characterization 
of the aerosol by BET surface area measurements and ethylene hydrogenation 
activity.- have been accompli.~hed. The T3ET results indicate that the sur- 
face area of this nickel aerosol is approximately 14 square meters per 
gra~ based on argon adsorption. More surprisingly, the activity for etl!ylene 
hydrogenation~ tentatively, appears ~o be a factor of 10 4 greater d, an that 
reported by Bond. Further studies are in progress. However, the major 
emphasis in these studies continues to be the observation of adsorbed species 
via infrared techniques, • • 

In conclusion, the project is proceeding according to schedule with 
no significant changes in milestone scheduling. 



I. OBJECTIVE ,%ND SCOPE OF WOEK 

Tc meet the needs of the increasing ener~" demand and to satisfy 
the corresponding environmental constraints, coal gasification has been 
~roposed as a means of producing clean fossil f:,el. Such processes becc'=e 
increasingly more important when uLe projec~lvns ~hat petrole~-n oil re- 
sources will be effectively depleted within the t~ext t~.enty years are t~<en 
into account. Li!~ewise, ic should be recognized that the depletion of 
petroleum oil rescurces also ~ean~ t!:at the petrochemical indust~" must 
look e[se~,ere to obtain their f zed-stocks. While there are several Amer- 
ican pr)cesses for conversion of coal to s~mthetic natural gas (SXJ) a= 
varb'ing stages of develo~e~t~ there are: however, none available for ~le 
production of syn~utic liquefied pe%role~ gas (SLPG). Fortunately, h~;- 
ever, SLPG appear:; to be obtainable by a modification of the methanati=n 
step of the ::NG processes. Unfortunately, the meth~nation st, p (CO ~ 3P~ 
~at CH4 + H20) is one of the two least understood steps of the ccalUto - 
gas process. 

~is research program_, therefore, has as its objectives the pro- 
duction Of synthetic liquefled petroleum gases, ~nd a fund~ental under- 
standing of chtalytic methanation. THUS, work will be developed along 
these two major areas. ~,e first area, catalyst development for producing 
C9-C L hydrocarbons, has as i~s objcc +~ " ~  ~0 the deva!=p~.cn~ and character- 
ization of catalys~s with high selectivity and defining the relevant pro- 
cess variables. We anticipate carry=ng this project to the pilot-plan= 
stage whereby an eeonc~...ic assessment can be made. ~e second area involves 
fundamental studies of the hydrogenation of carbon monoxide with the ob- 
jective of understanding the nature of the surface reactions involved. 
It should be noted that the hydrogenation of carbon monoxide under one 
set of conditions Icadz rredominately to methane, whereas under another 
set of conditions it leads to higher hydrocarbons, Fischer-Tropsch s}m- 
thesis. ~ne processes must be similar, i.e., involve the s~-ne surface 
intermediates. We anticipate achieving an understanding of how ca=alys=s 
or process variables can be mo,~ified to effect the ~o processes economically. 

For the first area, _~o reactor units will be ~mployed to eval- 
uate potential catalysts ~nd to obtain kinetic and mechanistic data. lu 
addition to testing potential ,:o.---n~.ercial catalysts, laboratory catalyst 
preparations of a number of catalysts wil% be undertaken to establish stan- 
dards for comparis on. Both ~'pes of catalysts will be analyzed for total 
metal and active metal content. Hore complete kinetic studies will be 
conducted on the most promising catalysts free, the preliminary evaluations. 

In thesecond area the emphasis will be placed on achieving a 
fund~~nental understanding of tile hydroBenation of carbon monoxide reaction. 
To acco~plish this understanding, infrared spectroscopic techniques will 
be coupled with traditional mechanistic studios to obtain ~nformation a3out 
the nature of surface intermediates. Investigatlons of both sup?orted and 
unsupported metal catalysts will be undertaken. 
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For the infrared studies t~:o differe~t systems will he employed. 
Tha usual "pressed disk" technique will be employed for supported metal 
catalysts. Hob:ever, a novel approach to tile unsupported catalyst studies 
will be explored. ~,is nc~: approach involves passinB infrared radiation 
through a long-path-length cell containin~ the catalyst in a metal-aerosol 
form. Comparison of the catalytic activity and surface properties as well ~ 
as characterization of the surface intermediatesw[ll constitute the ma~or 
work effort in this area. 

L , 

The key feature of this proposed study is a combinatior~ of sev- 
eral teeli~iqucs, notably, infrared spectroscopic techniques with kinetic 
measurmments to simultaneously measure reaction rates, surface intermedi- 
ates and reaction products. ~e use of isotopic tracers in connection 
with these techniques should greatly increase our understanding of these 
reactions, 

As previously stated, the objectives of this research progr~u 
are to develop improved ca=alyst systems for preparation of gaseous hydro- 
carbons frorz_ coal-derived m~:tures of carbon monoxide ~nd hydrogen, and 
to develop a fund~ental understanding of methanation and Fischer-Tropsch 
synthesis. To accomplish these goals the work will be divided into sev- 
eral tasks (see Appendix A) with each task covering a definite time period 
Therefore, the work's prngr~ss can easily be assessed hy monitorinB the 
novement through the schedule of tasks as iidicated during quarterly tech- 
niaz! nnd progress reports. 

II, SLDIbtRY OF PROGRESS TO DATE 

Work undo@ this contract (E(4@-18)-1814)began inMay~ 1975 with 
a division of work into eight (8) tasks: 

I. Task No. I 
2. Task No. II 
3. Task No. III 
4. Task No. 1%' 
5. Task No. V 
6. Task No. Vl 
7. Task No. VII 
8. Task No. VIII 

m 

m 

Equipment Assembly 
Catalyst Screening Tests 
kinetic Studies 
Mechanistic Studies 
Catalyst Preparations and/or ~laracterizations 
ExtendedCata!yst Tests 
Project Sugary 
Consultation and Advice by P.I. to ERDA 

The timetable for these tasks is detailed in Appendix A to this report and 
represents a more realistic approach to managing the project. During this 
initial quarterly period, work has heen devoted to: (a) the design and/or 
assembly of ~'o (2) catalytic reactor units which will be ~-nployed in work 
described in Tasks !I, Iii, and IV; (b) preliminary work for Task IV; 
and (c) preparation and characterization of catalysts (Task V). 

3 



in ~e area of Task I, one catalytic reactor unit (CKU-I) has been 
completed and its flow system has been calibrated. ~lis unit consists of 
a 1-inch stainless steel tubular reaetor which is ter~perature controlled 
by a boiling Dowtherm jacket. ~ne reactor is capable of operating in a 
te-~?erature range from I00 to 400°C and a pressure ranze from 0 to 200 psig. 
Flo~: measure:~:nt a~d control is achieved through the use of ve~, fine needle 
valves (Swagulok S~scries or double-S-series) operated at sonic flow condi- 
tions. ~is unit has been operated for several lengthy periods at reaction 
temperatures and pressures. 

A second catalytic reaction unit (CRU-2) has been designed, equip- 
ment specified and items purchased. This unit will h zve features similar 
to ~,U-I k~ith several improvem.ents in its flow diagram. ~U-2 %'ilI have 
the flexibility of operating one of three types Of reactors; a) tubular 
reactor, b) fluidized bed reactors, and ¢)stirred ta~k catalytic reactor 
(Cnrberry reactor or CST~,). A CST(~ uni t has been ordered from Autoclave 
Engineers; deliver}., is scheduled for early Septembez. The tubular and flu- 
idizcd-bed reactors viii be constructed inhouse. 

Reactant and product gas anal'ysis for bo~h units %ill be achieved 
by a combinaLion ot gas chrc~.atography and infrared non-dispersive ana!yze~s 
(I~iP.). !~on-dispersive infrared analyzers have been ordered fr(fa Fline Safet-y 
Appliances (I~A) for carbon ~onoxide, carbon dioxide and methane. ~%e ef- 
fluent ga:~ fre_n both reactors ~ei!l f!o~: t'~.rough a series of s%'itching valves 
k'hich kill operate on a time-sequencing program_, l~]is ~,i!l permit continuous 
analysis via ~CDIR ~:hcn one or both reactor units are in operation. C~m- 
plete ar~lysis %:ill be achieved by gas ehro=atographic analyses of the two 
stre.~-s. To faciZitate these analyses, a Varian CDS-!O1 Chromatography 
Data Z ystcm unit has been ordered, l-n_is unit performs ~u=omntic gas s~mpl- 
ing as well as integration of the chromatographic pe~.ks. Delivery is sched- 
uled for early September. 

Since the ~'o CP.U's kill require ~asurement of te--peraturh at 
~everal locations on the systems, we have decided to use ~l~ipoint tc~_-aper- 
ature recorders to monitor the sys~er~. ~us, t%,o 12-poiaa- t~mperature 
recorders have been purchased. 

In the area of Task V, several iron, cobalt and nickel based cat- 
alysts have been prepared in the laboratory, or obtained from commercial 
suppliers. Eq~ese inch,de catalysts supported on kieselguhr and on alumina. 
In addition, the total surface area and =mtal surface area of s~me of these 
catalysts have been determined by BET adsorption med~.ods. For some of the" 
catalysts, chemlcal a_nalyscs of the actual metal contents have also been 
c~2.p!eted. Yhese characterizations should provide greater understanding 
of the catalytic activities ~'bich ~ill be obtained during the screening 
tests (Task II). 

4 



~Ic third area of ~:ork involved preliminary studies a~sociated 
Ta~. ~. IV. In this area: eonsid- ~,~ith the ~.cchani~tic ~tu/i~s planned for -'" 

erab!c pro'.,ress has been ~.ade towards developing an infrared technique to 
study unsupported me~al catalysts. To date, generation of a nicl:.-'l aerosol 
by sophlstic::tcd arc vaporization method:: has been reduced to a routine 
procedure and characteriza~io:~ of the aerosol by BEY surface area r-easure- 
~,~nts and e~h-ylc1,e hydro~jcnatiol% activity have been accomplished. Because " 

of rile nature of the nickel aerosols a substantial effort was involved in 
obtaini~:g a "cl-.an" s~--?.pie of the mn~hrial. After "several iterations ~¢e 
settled upor t~,'o methods of s~.~ple collection -- one involved passing the 
aerosol through pl.Tex ~!ass traps filled ~,ith glass spirals and tl~e other 
involved collection of the aerosol on a ~lipore membrane filter. Both . 

metl: ,ds give cacaiysts ~,'bich can be maintained in'an uncont:~rainated state 
f~r-~ubsequent investigation'.. Yne BET results indicate that thesurface 

{ I. area of this n_c~,el aerosol is approximately 14 square meters per gr~-~ based 
on argon adsorption. !~Iore surprisingly, the activity for ed,y!ene hydro- 
genation, tentati'c,~ly appears to he a facKor of 10 4 gr~-ater t/fan tha= re- 
ported in Bond's hook, Cata!vs[s by :-:etals. Furdler studies along these , 
lines are in progress which include establishing a "proper reactor" to 
r~asure the activity of these catalysts %~ith assurances that raass-transport 
effects are not d cc.~inatin~ the results; activity" s['udies .~c" several temper- 
atures, and atte.-pts to further increase ~thc specific surface area of this 
catalyst, l~o::eVer, t|'-'-" ~_ajor err@basis in these studies continues to be 
the observztio~- ~ of ad-~orbcd ~D'~clc s via " # .... ' tec|=-nie; uus- 

To s~.rr~_arize the progress to date, ~'e ha~e accornplic, hed the foliowiug 

I. Established a realistic timatab!e for the tasks assuciated ~ith this 

research progr~- -~. ~ . 

2. Co:3~letcd design, assc.-..bly) and calibration of Catalytic-Reactor Unit 

I (C~U-I). 

3. Completed "~h~'.e-dcr~" tests of CKU-I. . .  

4. Co_-~ictcd des~=-n and orderin~ of equipvent for Ca~alytic-P, eactor Unit 2. 

5. Co=~pleted specifications and purchases of an analyticalpackage for 
both ~,U-! and ~U-2 ~,'hich or-ploys gas chromatographic and non-dispersive 
infrared an.~!y:~es of botJ% reactant and product gases. 

6. Purchased a "C~rberr5" type" stirred tank catalytic-reactor unit ~o be 

used for Ta~.k Il 14ork. 

7. pre._.ared a substantial number of catalysts in the laboratory for test- 

in~ in Task !I. 

8. Obtained additional co~ercial catalysts for testing in Ta&~ II. 

9. Characterized several of tJ~e catalysts from 7 and 8 by BET surface area 

measurements. 



I0. Co.-~pleted chemical an:;!yses for actual metal content in the catalysts. 

II. Reduced the complicated generation of nickel aerosol catalysts to he 
used for infrared studies of unsupported metals to a routine proced:~re. 

12 Developed a mctl-ed of collecting the aerosol ~'hich ensures that it 
r .~.ni~-~ i** an u.~cont~-vlnatud ~tate. 

13. Established that the nickel aerosol gener~t~.d by arc vaporization ha. ~ 
substantial activity for ethylene },ydrogenation and a high surface area. 

Reference to Table Ai indicates that th~ project is proceeding accordin~ t~ 
s~hcdu!e. Except as noted above, there are no sig?ificanK changes in mile- 
stone scheduling. 

Iii DETAILED DESCP~IPYiOI; OF TECEE;ICL~L PRO~ESS 

~.s previously stated, the objectives of this research-program 
are to develop improved catalyst syste.~.~ for the preparation of gaseous 
hydroc~bons fr_om coal-derived mixtures of carbon monoxide and hydrogen, 
• and to develop a fund~enLai understanding of the reaction mechanism.~ as- 
sociated ~ith catalytic r~t/~anation and Fischer-Tropsch syn~2esis. Irnis 
~-ill be accor.p!ished in this project by pursuin B several aspects of the 
probl~-~i~ich inciui~: a) cata!:.'~s prep~a~ion ~nd characterization of their 
physical properties; b) evaluation of these -'-~" ~ . c =  . . . . .  :s~s for t_he synthesis of 
C_-C. hydrocarbons in a screening test; c) conducting kinetic studies to 
o~-a~; ~. rate e>.-prcssior~ to predict product yields for the most pro~ising 
catalyst formu]atio~.s ; d) inves=iga~ion of the mechanism of for-~ation and 
t~-pes of reaction inte~-r..edia~e~ fo.~med during the catalytlc reactions on 
these catalysts; and e) measuriz; c~talytic acti%-it-}" for extendu" periods 
on t!-c ~ost pro.~.isinz .~-~I , ~ , -  . c,.~u-}..~ to obt-._in an ecoro~.dc assessment of =he pro- 
cess. The above studies rcq,.:irc the use of several t$.~es of reactor sys- 
tems. For example, t/:e screening test $~ili be ccnducKod in tubular plu~- 
~vw reactors 0~,~ - "Ca!-barry-t-~e" stirred catalytic reactor. Since a 
wide spectrum of products, e.g., methane, ed%ane, ethylene, propane, pro- 
pylene, carbon dioxide, hexanes, etc., is anticipated, there is i 6fit~cal 
need for monitoring the individual yields as ~:ell as the total coaverslon 
of c~_rbon mono-:ide. This ~,/ii be acco;-~plished by the use ef .~IK's to con- 
tinuously monitor me~,/~ane, carbon dioxide and carbon monoxide, and gas chro- 
matography to monitor all products on an in~-ermittent basis, e.g., ever}" 
thirty minutes. 

The design, purchase, ~d assembly of the necessa.--y apparatus 
constitutes the assi~rrz.ent of the first task (Task I); ~:hereas, subject 
(a) above con.~:titutus the assi~r~...ent for Task V. Since =hose tasks repre- 
sent d,c logical starting points for this research, they will be presented 
in detail below. In addition, so.~..~.e preliminary %:ork on subject (c) above 
will be reported. For a complete description of the various tasks associ- 
ated %,ith this project and the corresponding timetable, see Appendix A. 

6 



A. Tas~ i -Equirzcut ~\[[;embly 

Table I s,,~arizes the work accomplished and forecast for Task 
I. Colu~-m 2 of ~;is table indieaLcs the number of weeks iuvolved with each 
subtask. Eqlc numbers in parentheses re:.res~nt times for work which is for,.- 
cast [or the ncx- ~ quarterly period. In should be noted that, ~:.hereas, wc~rk 
involvi~Ig assenbly of ~U-2 ~:ill continue beyond ilk- ~ fourth month, (~{U-~ 
~i!i be available during this s~e period to begin ~:ork under Task II. 

I. Cata!vEic Re~ctor Unit - 1 

Figure ! repr. seats a process flc~: diagr.-~-, for ~U-1. 1110 reac- 
tor vni~ is designed to operate in the te..-a?eraturo range fr'o~ i00 to 400°C 
and a pressure range frcr~_ 0 to 200 psig. To understand its-operation, ~i~e 
will follow d~.c sases as tl,ey travel through tI~e reactor. It should be 
noted that cylinder gases rather ihm~ a coal-derived synthesis gas x,,i!i . 
be blended in site for these studies. Figure .i sho-~s Khat tile individual 
gas,~.s ~_re passed ~hrou~h charcoal traps and are metered by flo~,'-controller 
valves. These valves are Swa~elok S-series very~fine metering valves contain- 
ing • m-icro~.eter handles to port, it reproduction of settin[" A double S-series 
valve is used for the hydroBen line. Yhe:.e va!ges can be operated in eithcT 
sub~o~-i¢ or sonic fle~: .~odes. In rile sonic flo'~; =ode ofopera=ion~ the " ~'- 
flo~: rate, Q, is independen~ of the do~rnstremn pressure and is gii~n by" '" 

~here Q = fl~ in std. liters per m~n. 

~= valve flo%; coefficient 

SG = specific gra%~ty of gas (air ~ [ a~ and 
2b°c = 1.00) 

T I = absolu=e te:parature of flowing gas, o. 

P1 = inlet pressure (psia) 

EGuation i is a si~plifieationof ~le more exact equation: 

w h e r e  m = mass f l o w  r a t e  

M = m o l e c u I ~ r  w e i g h t  o f  g a s  

2 _u2 

+l J 

R = gas co,slant 

y = ratio of heat capaci=ies, Cp/~ of flowing 
gas. (y = 1.40 for air) 

7 



T a b l e  I lask I: Equipment Auserb.]y 

Subtas';:s 

Itt'm ::o. 

I 

2 

3 

4: 

5 

. ,o .  i:,.. ePs  
t o  C,.,:::p lv - , ' e ]  

3 

1 

2 

2 

2 

6 . I 

7 3 

B ! 

9 I 

i0 O. 5 

!I 0.5 

12 (2) 

13 (i) 

14 (1) 

15 ((3))* 

16 ((z))* 

17 (2) 

18 _/33__ 
Total ~F ~&s 24 

~.~cri=tion 

Design and a.~sen'bly Of (?,.U-I 

Pressure testing of ~U-~ 

Fio:~ calibration of needle valves for CP, U-I 

Ter.perature te~ tivg of C~,U-2 

Rcdesi,,n of D~..,therm circulatic. ~ io~ Fa::-; 
preheater for £J~U-1 

Temperature. retest of C=,Url • 

Design and equiprz-~nt specification for CP.U-2 

Consultation x,ith venders and order 
pia,--emmnts for ~U-2 

Design of analytical pacl~ge for dual 
sys'.em analysis 

Consultation with Varian, !:~v!e-~.-Pa.=kar#., 
-o.nd :-LSA salesmen prior to ordering 
analytical package 

Literature evaluation of .'-.utoclav¢ Ev.gineer~ 
CSE~ and consultation "-ith AE sales:::en 
prior te placing order 

Fabrication of ~,U-2 c~_-c-#onents 

Pressure ~nd tempera~are te~ of ~.U-2 

Flow controller ea!ibra:ions fer ~,U-2 

Panel mounting of :o~A I~IR ar~ly-~ers, 
recorder an'~ progr~ed se~aencing timers 

Panel mounting of tem..pera=urr, recorders 

Complete shakedm, -n  of ~ U - 2  

Integration of analytical package ~ith 
C~U-I and G',U-2. 

*These subtasks wi£! be performed by ::ellen Institute's Instruments shop personnel. 

+It,ms in parcntJ~.ese~ reprcsent work ~¢hich has been sehedu!ed but ~41ieh has not 
been completed. 
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%~q,en the critical prcs':ure condition defined as 

3) 

-~/(-~,-1) 

<l~)cri.ical = <, + 

is exceeded, thc:::e eqttatiou~; can bc used. Table 2 givcs values of the crit- 
ical pressure ratio:; for the: ~,iase:; cm:plcycd in these studies, 

Table 2 t~itical-Prcssure Ratiosfor 
Various Ga~es 

Gas 

lie I ir_-a 
Hydrogen 
Carbon ~onoxide 
Carbon Dioxide 
~.~e thnnc 

~.(= ct, lc  v) (P2/PI) critiea! 

1.667 0.457 
1.402 0.528 
1.407 0.527 
1.311 0.544 
1.279 0.550 

From this table and Eqs. I or 2, we can calculate the flo:" rates ~,.~en the 
C\, valves are knol,n~. !~lis appro::ch was used in reverse to calibrate the 

T • valves. %arious prcssurc~ ~,-cre chosen in such a marmer as to ensure that 
Eq. 3 was satisfied, a~d a curve of ~: versus n,~r..ber of turns of valve 
ste~u ~,as plotted. A gas bubble meter and a 0.i ~:1 per revolution %,or- 
test meter ~:~e used to obtain the flo~" calibration data. Figures 2a, 2b, 
2c, ~id 2d are the reg.:its of these cr~iibrations. Figures 2a and 2b indi- 
cate that Eq. I adequately describes the system as anticipated, however, 
Figures 2c and 2d imply that the ~, values are pressure dependent for hydro- 
gcn and helium, lie have not attempted to account for this dependency, since 
~he ac~ua] ca!ibra~[on curv¢-~ for the desired inlet pressures are avail- 
able. The repToducibility a';d accuracy of flo;." r easurcmcnt ~,~ith these valves 
~,,ere found to be about + l'f. 

If ~,-e continue tc follo~., the gas by Figure I, ~:e sea ~hat it passes 
next througa individual shut-off valves into a mixing region. As sho~,-n 
by Figure I~ := t2~e gas entcr.~ a 3-~,'ay valve (7) where it is sent eit/icr to 
the preheater (!0) and reactor (Ii) or is by-passed to the e.x~t lint. By- 
pasai,g pe~nr.~/ts analysis of the reactant gas mixture by GC or h~DIF~. As ~l{e 
~,as emerges frer.~ the reactor, it is passed through a heat exchanger (12) 
to condo.toe ~¢iter and hiF, her molecular x:eight ~,nses into a Era 5" (13). At 
this stage t/~e gas is sent to the e>~aust lir, e where a portion of it is 
diverted through a ~:as se::~?liu g valve for GC analysis. Reactor pressure 
is maintained by a back-pressure needle valve ($). The main stream pusses 
t|:Yo%~gh the three NDI![ ai:alyzers to the exhaust. :in adjustable prossure- 
rv.lief valve (9) has been iustalled £o prevent overprcssurization of the 
reactor. 

Nun~¢'rs refer to item,s listed on Figure i. 
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It was indicate'/ earlier t/at 6T~U-I employs a tubu!~r reactor. 
Greater details of that reactor are sho~.n~ in Figure 3. Here it should'be 
noted that the 1-inch stainlcv-~-;Lcel tubular reactor is surrounded by n 
Dovtherm he~ting jacket ~dlich permits temperature control of the exothermi¢ 
reactions ~¢hich occur in Fi~cher-Tropsch synthesis. The uui~ contains suf~ 
ficicnt overflow: volume to peln~Xt operation over a ~zidc" range of tempera" 
tures, lqlc theater:ell contain-~ four thermocouples located at varying depths 
in the catalyst bed. These temperatures as ~II as those for the prdheater, 

3ac.-~=t ~ril! be monitore@ by a IIoney- Do~:th~rm circulation loop, and Do~:the-~n " '=~ 
well 12-Foiut te,~-rperature recorder. The temperature of t/,-" Do~ctherm jacket, 
circulatio:~ loop and pr~heater are individually controlle~ by Earm~ac (Model 

PC-l, t}~e K) temperature controllers. 

Liquid: s~ples will be collected in 300-ml S.S. sample bombs (15). 
~ese samples, subsequently, can be cooled and analyzed by gas c~.romatography 

to conplete the product analysis. " " . .. 

As indicated by items 2 and 4 .sf Ya'ole I, some time was devoted 
to pressure and temperature testinz of CRU-I. Since carbon monoxide and 
hydzcgen represent safety and health hazards, cave was exercised to ensure 
that the system ~,'a~ leak ~ r  - ~he uni~ w-.s ~h~.o..d ;.~ith helium to 200 psig 

..... ' ...... e for . period of fortv-ei~ht hours. The system and ~ ~_~-~us.,u~ tested a . 
~'as teemed leak tinier ~en ~he pressure d~op over thi~ .... ~'~-~ ~¢ ~e~ .... ,.,~s.. 
less than 5 p:i. Simi!ariiy, the system was tested for isot/ucrma! opera- • 
tion acre, s the length of t/~e catalyst bed. lq~is neat consiseed of maasur- 
i~ ll,e" temper, ature of a flo~ ng~- gas mi-~ture. -- 77~ lle~ 82, No,_ 157... II~o g -- 
at 1-inch intervals alonB the reactor length in the catalyst~oed reomon. 
~d~en the inlet and outlet temperature differed by less than 2 C, the unit 
was considered to be isothermal. Additional insulation materigl and heat- .- 
ing of the Do~¢ti~erm circulation loop ~:as used to achieve this condition. 
This ~as .accomplished after a partial redesign of the Dowd:erm circulation 
loop as indicated by items 6 and 7 o.i Table I. This ur~t has been operated 
for several days at reaction~conditions. ~.us, as implied by T~mle l, CRU-! 
has bccn made completely operationa.. A nickul-tb_oria-kie~elguhr catalyst 
ha= becn loaded in~:o the reactor fc~ the first series of studies ~:hich ~-.~ll 

be described ia~er. 

2. Catalytic Re,~ctor Urit - 2 

Concurrent ~ith the irstallation of CP, U-I, ~-.'ork also began on 
the desizn of a second unit. l'lis unit, as sho~ in Figure 4, will have 
many of the features of CRU-I. llowever, its operation has been simplifies 
by the use of three 6-point valves (59, 99 and 102 on diagr~) which permit 
t! reactor to be by-passed ~:,ile thu reactant-gas mixture is being analyzed. 
}h;~:cvcr, in this case a hell, m-argon mixture oE the s~e molecular densi~ ~ 
is [cd to the reactor (58) ~o maihtain constant temperature ~d pressure 
pro[ilu-~. All of the compe~.ents for this unit have been received and are, 

currently, being assembled. .'. 
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As was previously indi~_ated, ~U-2 will have the flexibility of 
accepting three types of catalytic reactors. In addition to the tubular 
reactor installed in CRU-I, this unit ~-ill be fitted for the Carberry 
stirred catalytic reactor which is on order from Autoclave Engineers*. 
A dingram of tl'~e reactor is sho~rn in Figure 5. T-n_is reactor system coa- 
sists of a magnetically driven basket which can contain various amounts 
of catalyst. The spirming basket causes internal recycling of the gas such 
that continuous stirred tank reactor (CSTR) conditions are achieved. Thus, 
kinetic modeling is greatly simplified for this unit. 

~ne tltird type of reactor which will be used %dth this unit is 
a fluidized-bed reactor. This unit %~ich has yet to be designed will per J 
nit a comparison of the behavior of the catalysts as a function of reactor 
designs. It should also be useful for extended-life studies to test the 
physical durability of the catalysts as well as their catalytic activity. 

Work on CRU-2 will proceed according to the schedule presented 
in Table I, 

3 .  - Ab.~!vtical. Package for Product Analysis 

(h~e of the key features of the proposed rese-~.rch program is r.he 
c~'efu! attention to the details of the product distribution for t/ae various 
cat~iysts ~+uich ~ill be investigated. To this end both continuous and inter- 
mittent analyses will be obtained to document r.he performaz~ce of a catalyst. 
Continuous analyses will be performed for carbon monoxide, carbon dio:<ide 
and me,lane using ~A non-dispersive infrared analyzers (h~iR). Intermittent 
analyses of the complete product spectrum will be achieved by gas chromato- 
graphic analyses. Because of budgeta_~y restrictions on =he contract, it 
bec~e apparent that replication of the analytical portion of the t-#o sys=e=~ 
was not feasible, l'nerefore, considerable effort was devoted to develop- 
ing an analytical, package which would be compatible to bo~.h systems and achieve 
the goal of continuous monitoring of each reactor. After considerabl.- con- 
sultation wi-_h salesmen from Varian Associates, Hewiett-Packard, and ~iine 
Safety Appliances, we decided upon the a~lytica! package summarized in 
Figure 6 and Table 3. Figure 6 is aschematic of the flow of product, re- 
act~_nt, calibration gases, or zero gases through the analytical network**. 
~aen both systems are in operation the ar~Rlysis proceed= in the fo!!c~_~_ng 
manr, er. Product gas from C~IU-2 is by-passed =o exhaust through a back-pres- 
sure regulator (o') and is flared ~). Valves ($-) and (~") are operated 
by a t~ner toopen autom.,atically during the period in which PC1 is belng 
analyzed. A small portion of this gas is diverted to the CC calibration 
valve ( ~ ) where it is further regulated (~) and sen= to the gas chrcma=o- 
graphic system. The major portion of this gas passes through the Infrared 
calibration valve (-~') and is split equally between the three NDIR anal~-zers. 

*Delivery has bean scheduled for early September. 
**Rile reactant gas stream will be analyzed periodically for reassurance of 
constant composition by both G.C. and NDIR. 
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Figure 5 Internally Recycled Ca.tal2" " + ~ . ~ c  Reactor 
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Tablc 3 Analytical Packag,'. for Prod['~-t ~%~mlysis 

No. C a s  Hethod of ,tna!vsis 

I Carbon Honoxide hUSIR a and 
CC b 

2 Carbon Dioxide h~IR c and GC 

3 Hydrogen GC b 

4 Ne throne 

5 Ethane 

6 Ethylene 

7 Propane 
8 Propylene 
9 Butane 

I0 Butene~ 

hDIK d and CC 

Gcb 
G? 

GC ~ 
cc 

GC 

II Pentanes • GC 

12 Pentenes GC 

13 C6's and higher CC 

Co~anents 

C o n ~ i n o u s  a n d  i n t e r m i t t e n t  

usiv4~ molecular sieve column 

Porapa!: CC column . - 

Intermitthnt analysis, may prove . 
difficult to measure on molecular. 
sieve column 

.%. 

Same as I 

Alumina or Porap~-_k column 

Same as 5 

(BIS (2-methoxyethyl) adipat( on 
t. chromosorb P and DC 200 silicone 

• ~oiI/chromosor5 c0i~ i " 

S--~e" as 7; repeat analysis on 
seprLrata s~le using propylene 
carbonate on firebrick to obtain 
isomeric separation 

Same as 7 

Same as I0 

Same as 7 but %~ith back-f!ush of • 
column 

aMSA Lira Infrared Analyzer Hodel 303 t-~ned for 0-107= and 0-607= CO' 

5Per'kin-Elmer Model 134 Gas Chromatozraph with two IO-port automatic ~as 
s~pling valves installed. 

~A Lira Infrared Analyzer Hode! 303 ~aned for 0-20% CO 2. 

~SA Lira Infrared Analyzer Hodel 303 ~uned for 0-20% C~I 4. 

Ovarian Aerograph CG with a 10'port automatic gas smnpling valve inst~lled; 
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~e output from the NDIR's i~ preserved on a 3-point Honeywell recorder. 
(1i6). At the start of the operation, the product gas may be replaced 
by a calibration gas on a zero gas to facilitate adjustment of ~he ~;DIR's. 
At the end of the s~mp!in? period, e.g., ten minutes, the timer automati- 
cally s~;itches s._-~n.pling to CRU-2. This sequencing is repeated for the 
desired period of operation. 

The gas chro:r.,atographic system conrists of two Perk-----EL~r Model 
15~ modified instruments containing 10-purr -~utomatic gas s~-F-lin~ valves, 
l~.le Valve operations are controlled by a Varian Model- CDS-101 Cnrc=atography 
Data System p.rocessor which controls the sa!..ple injection and iutegrates 
the resulting chro~atogr.~:, as area percent of each component. ,-his sys- 
tr-~ "will be tested thoroughly on .s)~nthetic mixtures pzior to izs application 
to the present-work. (Delivery of this unit is tentatively s'a-- eduled for 
early Septe~_ber.) To economize laboratory space, the }ISA ND!P. analyzers 
and their 3-point recorders will be panel mounted in a portable cabinet. 

4. Task I - Uork forecast for Secon~ quarter 

Table I suzrnarizes the work that is scheduled for ~he next quar- 
terly period. ~,e list of outstanding equipment is s~arize~ in Table 
4. ~s~z.!ng that everything arrives am seheduled~ the next quarter will 
be devoted largely to the ass~r, bly of CP~U-2 vm.d the'analyticalpackage, 
Each system will require considerable testing and training of personnel. 

I ten No. 

1 

2 

3 

Outs tanding Equipment 

Description 

CO - ED!R 

Sup~li,~y 

}~A 

CII 4- I,'DIR 

Carberry ~'pe 
stirred catalytic 
reac tar 

~A 

Autocla,,~ 
Engineers 

60S-I01 Chromato- 
graphy data system 

Two 10-port auto- 
matic gas s~pling 
valves with air 
actuators 

Varian Associates 

Varian As_~ =elates 
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B. "_[as'~¢, V- Catalys~ Preparatlo~ apd Characterization ' 

In the original proposal for this work, We emphasized the fact 
that the ma~or effort in the development of ~iseher-Trop=ch catalysts was 
directeJ to,cards producing liquids= e.g., C 5 hydrocarbons, llo~¢ever, based 
e,'. the ~¢ork s~-.,me:ized hv Storch~ Golu~nbic ~%r,6 ~knderson (Fiseher-Tropsch . 
aud E.~la~ed Synthe.~is, 1951), there aFp~ar.% to be considerable evidence 
to ~upport the belief that ~ith the appropriate choice of catalyst and, 
reaction conditions, the Fischer-Tropsch process could bd modified to pro- 
duce gaseous hydrocarbons, This work will seek to establish those nee- 
nssary proce..'s variables and to develop suitable catalysts= 

The table below list some of the F-T catalysts that have been 
u'emorted in the literature ~hich shine high selectivity for the CI-G 4 hydro- 
,:arbon fraction. It should be ~-~phasi.-ed that t~.e F-T s}~.thesis process 
11.~s been optimized to produce gasoline and diesel fuels and/therefore, . . .  

the~e catalysts represent the "undesirables" fez that process. 

Tabi~ 5 

Cata!V~.~t 

S04-. :g0-, 0 

Potential Catalysts " 

I00 Fe:10 Cu:100 kieselg'uhr 

F C  . . . . . .  
. . . . . . . .  2 ~3 

I00 C0:18 iq~02:100 kielselguhr 

I00 :Ni :18 %q~02 : I00 kiese!gehr 

Fe304-K i C03, sintered 

100 Al~n Wbod }~agneflte - 
16 water glass - 0°5 K2C03 

Remarks 

Fused ammonia catalysts 
--43% C^-Co yield after L L~ 
}I 2 reduction= yield in- 
creases to ~-50~ after 
nitriding pretreatment 

--397° C -C yield at 7.8 arm 
I:I H2~C04 

=~reeipitated from chioride~ 
at 2S0°C -~69E C2-C 4 yield 

Precipitated with (NIl4) 2 CO 3 

gives higher yields of C2-CA " 

at 178°C---33% CI-C 4 yield 

~-307= CI-C 4 yields 

---44:Z C~-C¢ yield but overall 
Io~¢ acEivzty " 



Anderson and coworkers have described a number of catalysts which 
are active fez ~e Fischer-Tropseh s)mthcsis. They studied the selectivity 
of many iron catalysts, and their results can be stm~narized in terms of 
the operating variables of t~mperature, pressure and gas composition as 

I, Increased te~.Deratures cause : 

a) decrease in average molecular weight of hydrocarbon products; 

b) decrease in production of oyD.genated organic compounds; 

c) either increased or constant mmounts of olefins tm be formed, 

2. Increased pressures cause increas~in the average molecular weight 
of hydrocarbons. 

3. Increase in H2/CO ratio causes: 

a) increase ~ ,,~o~ ratio "'" ,~x; . . . . . . .  =_ ~ [ t ? !  t u )  " 

b) decrease in average molecular weight of produc-t; 

c) decrease in olefin content of products. 

4. Increase i, particle size causes: 

a) decrease in catalyst activity; 

b) increase in gaseous products. 

~leseresults impiy d~at our catalyst screening tests should be condu~ 
at high temperatures and lie/CO ratios and at low pressures on catalysts 
with !~rge pore vol~es and/or low areas. 

I. Catalyst Preparatipns 

With the above concepts in mind, we have prepared a number of 
catalysts which may be useful to the stated objectives, ~ese catalysts 
were prepared according to recipes presented in Storch's book. In some 
cases modifications were employed to facilitate ease of preparation or 
to obtain a series of well characterized catalysts. Table 6 is a sun~ary 
oC the c.~talysts that have be~n prepared in this laboratory. Table 7 is 
a summer 5- of commercial catalysts that have been obtained for evaluation 
in this work. A seven digit alpha numeric system is used to designate 
the various catalysts. (l]~e first term., identifies the major metal component, 
the .'~econd term refers to minor metal content, the third and fourth terms 
identify lromoters, the fifth term refers to the support, the sixth term 
identifies the catalyst preparer by initials, and the last term indicates 
the chronological ordering of the catalysts. Whenever a quantity is miss- 
ing, it is omitted from the sequence.) For example, Fe-Cu-Ca0-Kg-SZ-8 



I 

2 

4 

•5 

6 

7 

8 

9 

10 

12 

13 

-15 

Table 6 Sur~nary of Laboratory Catalysts 

ca , ta l ,y , s t  Des ignat ion  

Fe-Cu-K.O-SZ-I 

Fe-SZ-2 

,Ca, t a ly s  t C ~ o ~ i  t_/~9~ 

I00 Fe:lO Cu:l X2CO 3. . 

F e  

Fe-SZ-3 Fe 

Fe-Cu-K20-SZ-4 

Fe-Fe-Cu-K20-SZ-5 

Fe-Fe-Cu-SZ-6 

1 0 0  Fe:0.3 Cu 

75 Fe+2~25 Fe+3:20 Cu: 
1 K2CO 3 

75 Fed'2:25 Fe+3:2i) Cu 

F6-Cu-CaO-Kg-SZ-7 100 Fe:5 Cu:30 Ca0:i00 Kg 

Fe-Cu-CaO-Kg-SZ-8 

Fe-K20-Ca0-AI203-SZ-9 

Fe-Cu-K20-Dol-SZ-10 

Fe-Cu-K20-ZnO-SZ-II. 

Fe-Cu,AI203-RD'I 

Fe-Cu-AI203-RD-2-~al 

Fe-Cu-Kg-RD-3 

Fe-Cu-Kg-RD-4-Cal 

I00 Fe:5 Cu:30 CaO: I00 Kg 

I00 Fe~l K.0:I.6 Ca0~ 
AI2~ 3 

i00 Fe: 5 Cu:75 Dolomite: 
3 K2CO 3 

i00 Fe:5 Cu:75 Zn0:6 K2CO 3 

i00 Fo:I0 Cu:100 AI203 

I00 Fe:10 Cu:100 AI203 

10{} Fe:10 Cu:100 Kg 

I00 Fe 1'I0 C. : I00 I<~ . 

Corr~ents .. 

Precipitated 

Precipitated 

Precipitated 
to be alkali 

Precipitated 

Precipitated 
ez chlorides 

Preclpltated 
to be alkali 

Precipitated 
to be alkali 

Precipitated 

with Na2CO 3 

by K2CO 3 

~y, (m~) 2 c°3 
f ree  - 

by ~a2CO 3 

by" Na2co 3 

by(NII4) 2 CO 3 
f r e e  

by (NH4) ~ CO 3 
free 

by. Na2Cd ~ 
• Fused • a~ 950°0 for 'I hr. 

Precipitated by Na2CO 3 

Precipitated by ~;a2CO 3 

Alumina impregnated. 

SamooaS 12, but calc£ned'a~ 
I000 C for. l h r ,  . •' 

Precipitated by (NH4)2'C03 

Same a. l/i, hut ca lc i .ned ,a t  
100(J°(: flu" 1 h r .  



Table 6 (Contd.) 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Catalvst Des i~na!io~.n 

Fe-Cu-K20-RD-5 

Fc-Cu-K20-RD-6-Cal 

Fc-Cu-K20-Kg-RD-7 

Ni-ThO2-A[203-RD-I 

Ni-Th02-Kg-RD-4 

Ni-~h02-Kg-RD-6-Cal 

l'lJ.-~liO 2-A1203-RD-3-Ca[ 

NI-ThO 2-Kg-RD-7 

Ni-ThO 2-Kg-RD-B-Cal 

Ni-PE-12 

NI-TB-IO 

NI-Th02-AI203-SZ-12 

Co .Th02-AI203-~Z-13 , 

Co .ThO2.AI.203-RD- l 

Co .~i02. AI2Os-RD-2-Cal 

Co .Th02-Kg-RD-3 . 

Co .ThO2.Kg-RD.4-C.I 

Catalys t Com pqsitlon 

I00 Fc:20 Cu:0.2 K2CO 3 

I00 Fe:20 Cu:0.2 K)CO 3 
J 

I00 Fell0 Cu:O.2 K2CO3:100 Kg 

I00 Ni:18 Th02:100 ,%1203 

I00 Ni:18 ~I02:100 Kg 

100 Ni'I8 ~I~02:100 Kg 

I00 NL:18 ~Ii02:100 AI203 

I00 Ni:18 Th02:100 Kg 

IOO Ni:18 ~i02:100 Kg 

Unsuppor ted Nickel 

A~c-Vaporlzed Nickel . 

100 Ni :18 ll~C. 2:100 A1203 

100 Co:18 11~02:100 A1203, 

IOC Co:18 1%02:100 ,%1203 
100 Co:18 7hO2:lOf, A1203 

100 Co:18 ~%O2:100 Kp; 

tOO Co:IS 11102:100 K g  

Corm~ents 

Precipitated by ka2CO 3 

Same as 16, but calcined at 
lO00°C for 1 hr. 

Preelpltated by Na2C03 
cx chlorides 

Alumina impregtJated 

Precipitated by (Ell4) 2 CO 3 

Same as 20, but calcined at 
lO00°C for 1 hr. 

Same as 19, but calcined at 
lOO0°C for I hr'. 

Precipitated by t[a2CO 3 

S~e as 23, but calcined at 
IO00°C for 1 hr. 

Ex carbonate 

Prepared by Dent-Bierl-are 
vaporization process. 

Co-proclpltated Ai203 by K2CO 3 

Co-prectpltated AI203 by (N114) 2 CO 3 

Alunina impregnated 
Same as 29p but  ca l c ined  a t  
lO00°C for 1 hr. 

PrecLpt . ta tcd by K2CO 3 

So'~rJO aR 3l~ hilt calcined a t  
IO00OC for 1 hr .  



I t e m  N o .  

3 

4 

5 

8 

9 

I0 

T~bie 7 List of C~,.-.,~erc£al Catalyst's 

Cata]':~ t De:z ~ -n :it ion 

EL 203T 

EL 2 3 0 T  

Ni-G-52 

.Ni-Cu-.,~203-GT312 

Fe-G-EA 

~e-G-82 . 

C0-Zr02-Kg-G-67 . 

CO-Kg-G-61 

CO-La-gOO 

Fe-},'ag-8 

_ D e s c r i p t  i o n _ = = = _  Su,mJ____ie/r  
• . 

~SSZ nichel on Calsicat 
k[eselgui~r, l']$"xl!S" 
pellets) reduced. 

~60Z on alu=in,~, Ca!sleet 
I fS"xl/8" pelle is, 
reduced. . . .  

337. nickel "on Chcmetrcn 
refractory support Corp, 
3]16"x3/16", reduced. 

IIZ Ni and I% Cu on 
g ,mr~.,a a lumiua,. 3116."xi[8" 

chr t=im~,.-prc~,..o t c d fron 
oxide, CO conversion Corp. 
catalys ~ )  3/S"X3/16" 

tripl e-prom..~oted iron Che:zet ron 
oxidE, ~mouia " Corp. 
synthesis catalyst, 
grant, les ...... ........ 

60Z coh'alt~ zircot*ium 
promoted supported on , Corp. 
kieselguhr~ po,,:d er 

I 
! 

60Z cobalt on kieselguhr 
powder Corp, 

lanthanum cobalt oxide Hoiycorp, 
powder 

Alan Wood Magnetite 

Che.-..etron. 
• Corp. 

• Ch ~ e tron-: 

~,e:=etron 

Clie~etron 

PERC, ERD2 



identifies an iron-copper catn!y~t pr~x-r..~tcd by calcium oxide  and suppor ted  
on ki~-::t.l'.-uhr ~,ici~ wa~ prepared by 5u-.an Zb.:~nick a'. her ~'iFhth catalyst. 
tote that many of the- catal~su:; are r~pc-':~& ,-ith minor varia=~ons in =~/,c~' 
of prcp;:ration. }'or c::m::plc, the pair, Fc-SZ-2 and Fe-SZ-3 differ On|y ,~.n 
that the l:~.=ter is nl~'ali free. "fhis m~d similar eombi'~:ation.~ will pe:.-~t 
Us to ~v.~h.'aLv th,- ~f'~:ct~ of alkali avd :.uppers, e.E.. K.~O ¢ont¢-n~ "Jnd 
ah==ina vt-r:;u:; iieucl};uhr, on the prod,..c~ distribution. ~e an=iclpate eval- 
uating these cataly~t.~ durin..~ Task !!'s tenure. 

2. Ca t.-.]vst:; £~,:~r::ct¢:r!::atto~ Lv S'.:rface Ar'a ::~;,':urer~nt= 

Oh'er the ) ' c a r s ,  kno~,!cdsc o f  the t o t a l  s u r f a c e  a rea  and a c t i v e  
=oral surface areas have coma to b~ rccoFnizcd as absolute necessities in 
undcr:ta/idin~, processes at the ~-urfacc o. e a catalyst, k~2ile the B~' =e~hod 
using nitro}:en or argon at -195uc has becc~..e the standard technique for 
~-~" ..... .....~'" ~.'e -~.oun ~. o f  ph .vu ica I !y  adsorbed  ~ I t e r i a l  in  a :onol .~) 'er  and 
hence the total surface area, techniques for measuring the active r, etal 
surface area are Ic~.s ~.~ establi~.:cd. T~c t~'o prevailing approaches hav~ 
been: a)oto measure uhc .-~z..ou:-t of hydrogen adsorbed a~ roo~ teu-peratur~ 
or a~ tO0 C aEa suffici~,n-, pressure to ensure za=uration of the surface; 
and b) to =~a-'urc the di/fercncc bc~.~cn ~.he ~"_-..ount of carbon monoxide to- 
~a'i'. ~ . . . . . . .  adsorbed ~.~_---' ~h-.-" -'~'.:;,.~ of nitro-'en. . phv:,ically_ -~so~e~-" -~" ~ on top of 
the ~.. -~ ¢ , ~ -" ~,,c.~_or_uu Co. P hyaieall-:" adsorbed CO is removed by degass£n~ at -7~°C. 
Unfortunately often the t-~:o mcthod~ yield .c:.,., , , . d~.~.cn~ %,alue~ for the metal 
arcs. Several e::phu:atlon~ h::vc been presented to account for these 
differences. 

An a=tempt to obtain the to=~,! (TSA) and r.~tal surface ,~ea~ (~%) 
of  a nu=ber o f  the c a t a l y s t s  d e s i g n a t e d  fo r  Task I I  s t u d i e s  was i n i t i a t e d  
i,rior co the inception of this contract, l'o~-cver, since the work was con- 
tinued under this contract, the resL=l~ ~'ill be repor=ed here. A standard 
multipurpose vacuum sy~tc-n x::~s used for this work. Both methods described 
above were employed and the results are presented in ~able g. Consider 
the first entry in this table which is a ce..~-ei;c-~-a~i r-.~¢~:el dn ~ids~Igu/:r 
catalyst, lq,e results from the CO-~, method at -195°C indicate ~t ~,.ho 
metal .... ~-~ ...... c area is 6__ON .m.2/g. | I m , ~ c r ,  hydroDen adsorption at rocr-~ Zc~- 
perature gives a value thou= one-third of this m-.ou~t. The difference may 
be in part due to the onc-~-oint method (su~.Bested by Sinfalt and coQorkers) 
for determining the chcmis~rbcd ~_-ount of hydrogen in a monolayer. Here 
importantly, these two values should serve as a bracket about the ae=ual 
total r~etal surface area and is, therefore, sufficient for design purposes. 
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Total BA 
.Cata~.~St +(m2/~) . 

N£-203T 121.1 

Fe-Ou-Kg-RD-3 12o4 

Fe -Mag-8 2,1 

1,8 

N£-PE-12 

Ni-rB-10 

i 

g£ese]  guhr 

CQ-Th02-Kg-RD-3 

5 ,7  
506 

+++ 
8°9 

4.4 

P~8 

Tnble 8 Surface Area Compar£son by 
CO and IT 2 Chemtsorpt~.on 

Method of Hoaaurinl~_TSA 

N 2 on chcmLsorbod. CO a~ -195°C 

• N 2 On cimmlsorbed CO at -195°C 

N 2 on chemisorbed CO aC -195°0 
Argon ae- -19500 

N~ on chemi., ~rbed CO-at -195°0 
A~gon at "193o0 

Argon a~ -195°0 
N 2 on chemlsorbed C0 at -19500. 

Np. at -195°8 

"N 2 af: -195°0 

aDotted $£ne ~,ndteatcS no t  m~:asured. 

bco chemlsorptlon at '195°0, H2ads at. 

1%'.;4 v~..C0a'! ~'c 
Cl,eml@orpt.ion 

(m~/~,) 
60.I 

3.1 

0.9  

4 ° 0  

2,82' 

.-0- 

room temperature and 100 mm unle~s.otherwisd sta~ed. 

=Surface area determined f=om dlffernnce ~n carbon monoxide and nltrog'en volumes adsorb'ed. 
per gram a~ t11e relatlve p'zessuro,'P/Po, equals 0.i, , : 

I.ISA vl~a !I^ b 
Chom£sorp~ien 
___ (~z ,', ~ )  . . . .  

20 .1  

7°2 

• 0 ,1  

t;9 

0°9 
t 

O,06 

4 . 8  



3. Cher~cnl. Ann]¥ses ~ S~e. Cat~]vsts 

Another problc~, associaLcd with "" - mar.~a~ comparisons o f  the perform- 
ance of a nu---ber of catalysts is establishing the bases for such a eo~. pari- 
son. In addition to the total and active r:etal surface areas, one would 
like to know the .-~nount of metal present in the eata|y~ts. Due to uncer- 
tainty in completeness of precipitation and solubility of the various com.- 
pone=is of pro-oted dual-metal catalysts, we decided to undertake a ch~z- 
ice! analysis of thh catalysts that were prepared in the laboratory. Table 
9 sho~.~s the po_~tial results of that work. It indicates that the catalysts 
have no:ninally the percentage cf components as expected. It does, however, 
offer rile advantage of kno::ing more precisely wbac the actual concentrations 
of species are. lq~us, ccc~parisons can be made more intelligently from these 
~ata. 

4.  Su.-:'~.ar'~, and 1.-;~rk Forecas t  

As indicated by Tables 6, 7, 8, and 9, the pre!iminar D" work on 
catalyst preparations have been completed. Until a substantial n~.~ber of 
these catalysts have been tested, the only work that is needed in this area 

is the completion of the surface area measur~ents and chemical analyses. 
This should he completed durin~ the next quarter. 
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Item No_._ 

I 

2 

3 

4 

5 

6 

Table g Chemical Analydln of Laboratory CatalystB 

Fe-Cu-K20-SZ-4 

Fe-CU-CAO-Kg-SZ-8 

Fe-SZ-3 

Fe.Cu.K20.SZ. i " 

Fe-Ou-K20-Zn0-SZ-ll 

.Fe-Fe-Cu-K20-SZ-5 

Measured Principal 
Compo.nen t : 

60.0% Fe 

30,5Z re 

62.6% Fe 

57.5% Fe 

38,8% Fe 

53.7% F e  

ExpEcted Prlne~pal 

68.1% Fe 

35,8% Fe 

69.9% Fe 

63.97, Fe 

43°4% Fo 

60,9% Fe 

/.lna~uretl 
HI.nor " 

Compono~ t;. 

9" 2 , . Z  Cu 

3.77. 

18, 57, Cu" 

5.17~ Cu 

12.r  cu. 

Ezpeeted 
H£nor 

2.0Z Cu 

1,8Z Cu 

, . . . , ,  

6,4Z . ' 

2.27, 

12o2% Cu 



C. 1:acl:?_r~.und l..'orL f o r  Ta~k IV - H c c h a n i s t l c  Rt t ,di .es  

,% c o m p l e t e  u n d e r s t a n d i n g  o f  t h e  p r o c e s s e s  i n v o l v e d  i n  h e t e r o -  
g e n e o u s  catalysis requires, first, a knm:ledge of the nature of the chem- 
ical reac'ants at the gas-solid interface, i.e., thc structure of  the ad- 
sorbed species, and secondly, a kno-:led~-e of how thes~ species interact 
to form.., products, i.e., the role of the reactive intermediates. "lhe ap- 
plication of infrared spectroscopy to surface ch-~mistry represents a ~.~- . 
)or advi:nce to'~:ards ans~:ering these t~:o fund-o-nental questions. ~,~ere are 
man~ cxo.mples in the scientific literature d~onstrating the utilit-y of  
this technique in providing answers in the fon::er area-adsorntion. There 
are, however, considerahiy fe~'cr ex:.mples with respect to the latter case° 
%~,is lack stems largely from the experLmenta! limitations imposed by the 
technique. 

Two methods ~3ilI he used in this worl: to remove some of the more 
serious limitations and therehy develop an infrared technique "_~ study 
heterogeneous reactions under dyn.~nic conditions similar to actual indus- 
trial conditions. ~e first method inv01ve~ passing infrared radiation 
through a "fluidiZed bed': of the catalytic material. (l'ne ter=~ "fluidized 
bed" is used to describe a reactor wherein the catalyst is suspended in 
the gas phase mediu~ by E-rotarian motion, hence, an aerosol-bed.) The sec- 
ond method "evolves the pressed disc technique wherein the catalyst sx~ple 
is pressed ~nto a vc.~" thin ~,afer. ~his wafer is then fixed in the I.R. 
beam by a metallic (or quar.~z) support within ~n infr-._~ed cell. Spectra 
are then obtained first on the catalyst in an active state in the absence 
of reactant gases and subsequently in their presence. Worh ~.~ date has 
concentrated on developing the aerosol-bed technique, 

I. A Systc~ for Studies of Nickel Aerosols 

Since nickel is the most effective metbanatior catalyst, we have 
initiated our studies using this material. Briefly, the aerosol-be~ tech- 
nique involves generation of the catalyst by arc-vaporization techniques, 
gas-phase transfer of the aerosol to a Iong-path-len.qth infrared cell where 
observations of surface reactions are made, and removal of the aerosol from 
the syst~-n, by electrostatic precipitation. Arc vaporization, ~hich is 
the most sophisticated of the several unit eperations involved in this 
process, is employed as a r:.eans of generating a clean metal surface of 
sufficiently snail particle size so as to permit infrared transmission 
through the bed. In this process~ the metal, e.g., nickel, is vaporized 
at temperatures in excess of 4000-K by transfer of a high intensity elec- 
trical arc to the surface of a plug of the metal which serves as the .elec- 
trode for the circuit. Since the ~etal is well above its boiling point, 
vaporization occurs at a rate proportional to the amount of heat transfer- 
bed to the surface, fiance, a dense gas of metal atoms is produced. In 
th~s case these nickel atc~..s or atom-clusters are rapidly quenched ~-ith- 
in the vaporization oh&tuber, and are swept through the system by the he- 
lium carrier gas. As the nickel aerosol emerges from the vaporization 
chamber, it passes through two heat exchangers ~;nere its temperature is 
adjusted as desired, l~e aeresol then passes into a 40 meter Wilkes long- 
path-length IR cell which is modified to retard deposition of the nickel 
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pnrtleles o n  t h e  mirror surfaces. Because nickel in such finely divided 
states represents a potential health and safety hazard, the aerosol is 
cleaned by passage through t~:o electrostatic precipitators in parallel- 
before venting tile gas. Figure 7 is a schematic dlagr:~'of the process. • 
As indicated hy the dia~r.~, adsorbate gases can be injected into tile • 

aerosol jus ~ _ pr[or to entrance to the il'~frarcd cell. Rota~.:~.eters on d i e  

heliu_~ and adsorbate lille perait ~--easur~-:ent and adjustment of. the Bas . " 

concentrations at will. Spectral observations are made first in the ab- 
sence of a-/sorbate ga~es, ioe,~ background conditions, then in the pres- 
ence o f  adsorbate gases~ e.g.~ CO, Iio, COy, or mi.-.:cures of these gases. 
An equivalent concentration of adsorbate ~ases in• the referen'ce bea.m of 
the BecK-zann IR 1 2  infrared spectrophotc~..,eter used for these studies per- 
mits co~..pensation for the gas phase effects. " -nqlus~ the difference between 
these tun spectra represents the spectrum of adsorbed.speciesa asruming 
of course that the background read. aims constant over thi.s period. In this 
manner, a n~--~her of mechanistic studies ~¢ilI be conducted with the objective 
of characterizing .rile reaction inter'.zediates at the surface of the-catalyst. 

To. date this project h a s  evolved to the stage 4:here all of the 
earlier prob!e~ms associated vith re_~oying 16 kilo~,-atts of heat froh the 
two-liter vaporization ch~--~ber have been so!'ved° As "a result, we can gen- 
eral-_ aeroso! routinely for periods of several hours. Unfort,mately, we 
do have an unforeseen pro51c~ Because of the limi.ed supply of electri,.al 
po~,er to our ~'ing of t h e  building and "'-- ~-'~~ power ......... e~. ~,,~,~I,,~ 
wit]l operatign of the w_~lding ~achines, ~¢e are limited to a w,',rk schedule 
involving night and weekend operations. 

l~n@s _=ystem has several advantages and dlsadvantages'~ssociated ...... 
with it. ~-v~ong its advantage3 is tile removal .of d~e catalyst support and 
consequently the opportunity to oDserve lo-~ frequency infrared vibrations~ 
type-col !y in the roeion where" surface-to-adsorbates bonds are expected to 
absorb. Yhese observations ~ould be unobtainable othem:ise. Because of 

l 

the r~anner of operation which is essentially plug flow through the reactor=. 
one is always observing a fresh surface. This surface may contain adsorbed 
species depending upon ~'nether or not adsorb~-te gases were introduced in~ 
to the aerosc, l stretch, lqnis means that a re-e::~-~7,,ination - o f  the catalyst 
in the manner associated ~ith pressed-disk iP, ~----------------~ples is not permissible~ 
~nis places a stringent refluire~n, ent on tile rate of aerosol generation -- 
it r~ust b__~e 90nstant~ and on ~he particle size distribution in the aerosol 
-- it too muse be constant= Tests of the generation rate during two-hour 
periods of operation sho~:ed that the rate of aerosol generation varies 
by less than 5 percent over this period: and tberefore~ may be considered 
constant. Particle size measurement has presented a problem and will be 
discussed next. 
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2. Aerosol Characteriza.-.:on 

Particle sizes can only he obtained indirectly, for example, 
by m..~asurement of the total surface area. However, since the surface area 
is -"cruelly the important p~r,Tr.eter for both catalyst activity and infra-. 
red tran_=:Tission, this is sufficient. We have observed that the nickel 
powder generated in this process will sponta~eous!y ignite upon exposure 
to the atmosphere. This fact coupled with the desire to establish the 
catalytic activith" of the aerosol led us to design .a sample collector ~d 
reactor which satisfied the need to S~ple the aerosol without exposure 
tc the environ..men~. 

Our first attempts at this.were unsuccessful° ~.le found that a 
pyrex trap contaiuin-= glass wool quickly was nlu-~-; r =~ by the aerosol. Re ~ 
placement of the glass wool by glass spirals proved to be.more successful, 
Figure 8 sho:.~s a sch~-aatic of this S~ple collec£oro • Surface area measure- 
meuts on sz~ples collected in this mznner indicated dlat tI~e catalyst had 
an area of apuroximately 14 m2/go Tnis Value is much lower than a previously 
obtained ,,alue of 42 m2/g collected in a much different manner° lqlese re- 
suits suggest that we are not collecting the entire particle size distribu- 
tion of the aerosol but, rather, only'the !arg9 r p=_rticles. As a result, 
the collector ~,'ill be redesigned. Hof~ever~ "since we had a kno.~..m quanti.ty . 
of catalyst ~'hose surface area was also kno~rn, we declded to investigate " 
the catalytic activity. :. " 

3. Preli~ina~x~ C~,~e!vtic Studies 

lqlis unit behaved much like a'batch reactor. Subsequent reaction 
measurements in this reactor indicated .that the .catalyst had a very high 
activity for catalytic hydrogenation. A 4:1 hydrogen:ethylene mi,i:ture 
at 400 rmn }!g ~:as adm, itted to the reactor for a one minute pqr~od at 27°C= 
Analysis of the hydrocarbon fraction was accomplished by gas chromatographic 
separation on an a[~:,ina colu-nn. Based on a comparison with d.ta presented 
in Bond's book (~atalysis 5v .'..fetal=) the rate approaches a factor of i0 =" 
greater th~-n previousl~, reported catalysts. It should be stressed that 
these results are tentative and work is in progress to confirm-these in- 
itial observations. 

4. infrared Studies of Nickel Aerosols 
i 

" ~ o  date, we have m~de only one complete test of the infrared 
cell ~,hicb w a s  designed for this system. During that test, an iniuia! 
decrease in transmission occurred which invalidated the test, It was 
later established that this transmission loss was due to deposition of - " 
l a r g e  " ' ,1  nzc,~e_ p~rticles on the field mirror of the cell. We have att~pued 
to coffee, this problc~n by installing a large settling tank in series prior 
to the IP, cell. Additionzl tests of this syste~_-x has been scheduled for 
the forthco~.iu.,_~ quarter. D~spite the problems ~:hich Occurred during this 
test~ our understandi~ig of the syste-n was increased markedly. As a result., 
future tests abould prove to be moresuccessful' 
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5. Sd~arv nnd T:*:;k Foroc.~ts .- 

To su~nar'ze tl}is, section we have t,.astered ti~e •difficult •task 
of generating a clean, fine-particle-size aerosol for infrared-studies. 
In addition, we have initi~te~ e::pe~i~e~,Js to establish the catalytic re- 
activ£[ of this foL.-m~ of nickel catalyst and to make comparisons ~,,ith con- 
ventlonal types of n~.ckel ¢~talysts, We have designo~ a s.~mple collection 
unit ~¢h[ch Shoul£ ~rove useful for future measurements of~.surface areas and 

catalyst activities. 

• '-" ~ infrared tests During thu next quaL-ter, we anticipate that ma~.zn= 
o,I the system usirB a n~..ber of ad,.~orl'~te gases, e.g.~ CO, C04, }I. and 
N~ wi}l occupy the re-;or portion of our time, l~}o re~;aining ~vai~able "time 
~,'11! be devoted to ce::.,p!etior of the.catalyst's "61,aracterization by con- . 
d~.cting ethyl :,~ i~vdrogena~iun steadies at sevSral temperatures and by care- 
ful [easurement o[" the surface area of die nickel pounder dollected in such" 
.~ r~a: ,or which will ensure its aero~:ol characterg Table I0 sun=narizes , 
the york accor.pllshed for this task and gives the tentative schedule for 
~hc ::~rl:  ,_'hich hn_~•b,2en p!o-~n,-~d for the next quarter. 

Tah]. ~ I0 

1 4 

2 3 

3 2 

t 

5 1 

6 1 

(3) 

8 (~) 

9 (7) 

Task iV Yechanistic Studies - Background Work 

o [ ICoF,.?'* - Descript i On of Suhta.~k~ 

Final modifications o£ aerosol generation system= 

kcst run. ~: of the aerosol system to establish 
generatioll rates. 

Test run of ~.he comnlete system and subsequent . 
repairs on the Wilkes cell. 

Design and fabrication of a sample collection cell= 

Aerosol seanp!e collection and sur[ace "area" 
measuremcn t. 

PrelL~i-~ry catalyst activity measurements 
using ethylene and hydrogen. 

Detailed catalytic activity measurements of 

the C2114-II 9 reaction. 
-- $ 

Surface area measurc~ents of the aerosol powder 

in the redesigned' cell. 

Extensive test runs en the complete system to 
obtain infrared data° 

"'Numbers in parer:hesis refer to ~mrk forecastedfor the n~xt quarter. 



IV. COECLrSIOXS 

~l..mghout the previous sections we have stated tl~.e work acco=- 
plished in this contract. In Task I~ one reactor unit has been completed 
and a second unit has been designed. In Task V, a considerable n,'=ber 
of caralysfs have been nrepared, a mL~ber of Which hare been characterized. 
In Task IV, ,~uch of the preliminary background ~:,rk for meehar, istlc studies 
have been cer_pleted, l,'e eenclude, therefore, ~i:o: the Work is proceeding 
accordin~ to schedule and in some areas is slightzy "~ead of schedule. 



A~pend£x A : . 

~le investigation of catalytic s)mtheses of gaseous Iivdrocarbons -. 
shall proceed according to the follo~cing tasks-. 

I. T a ~ h  No. I 

a= Equipment and apparatus shall b~ assembled and integrated for 
the study of catalytic sbmthcsis of hydrecarhons by means of gas c!iromato- 
graphy and in .~itu high-pressure infrared spectrometry. Catalyst syste~,s ~ 
employing both fixed-and fluidized-b.ed mode of operation shall be prGvided. 

b. Simult.~neously ~.:ith this effort the ~.rlncip'~1 Investigator 
shall ascertain in greater detail, through discussions with catal.yst man' . 
ufacturers and u.<ers, the catalysts currently being employed for gaseous 
hydrocarbon s~nxt]:asis, m~d the principa ! prob!~us with use of such catalysts. 

2 .  T ask :  N o -  2 •, ' 

ScreeninE testa shall be'developed for e-¢aluation of catalyst 
fo_~,ations used in sbmth=.~is of CI-C 4 hydrocarbons.° ~le adequa~ .~ of the 
tests shall be verified using% ¢at&lysts kno~:n~, to be effectii.'e •f°r such 
reactions= The tests shall be used to evaluate new catalys~ preparations 
that offer the pessihili[%* of iz~.proved effectiveness and resistance of 
poisoning and sintering under the conditions of synthesis of various gaseous 
hydrecarbons from carbon mo~oxide-hydregen mi.~:tureso 

.~e most promlsiug e ata!yst formulations obtained from Task 
2 '. ii] bc used for kinetic studies° Data obtained from the studie:~:t,~i~l 
be used to velop equations for predicting product yields of .~aseous hydro- 
carbons as a f~,:~ction of tcr, perature, pressure, IIJCO ratio~ and uthe~ e:-:-- 
peri=c:~tal para~:aters, l~e data will also be interpreted in terms.of pos- 
sible reaction nechanisms, to •serve as a guide for more detailed studies 
(Task 4). 

4. Tas~ ~, ..... 

Studies shall he carried out on the mechan~ ~ of formation 
and types of reaction ir rmodiates formed during the catalytic Synthesis 
af gaseous hydrocarb.~'L: .sing the apparatus and approaches described in 
Task I, In addition, catalyst poisoning and mass transfer effects will 
be assessed via a gas chr~latographic pulsed tracer technique° 



5.  Tasl: No. 5 

Alternative catalyst prep~ation approaches will be under- 
t&ken, involving (a) the /-lichalko technique for imbc.:Iding catalyticall.y 
active metaL~ at a controlled depth within a catalyst pe]let~ and (b) de- 
velopment of catalyst forr,~;ulations for simultcmeous sllift conversion and 
math ana t ion, 

6. Task h'o, 6 

Tests of long-tez~- activi~', poisoninz, and regeneratlon o f  
catalysts shall be carried out in laboratory appm:atus, and evaluations 
of ~le most promising candidates shall be conducted in a fluldized-bed 
reactor. 

" 7,  Ta~k No. 7 

~m data obtained from.. Tasks I through 6 shall be s~rized 
and-interpretel in the final report on d~e contract. ~is final report 
shall include dle advantages and disadvantages of each catalyst syst~-.., 
the economics of production of ~;G and SLPG fro ~ - coal-derived s~thesis 
gas using ~iffercnt catalyst formulations, and rec~endations for addl- 
tional research in the field of catalytic s3mthcsis of gaseous hydrocarbons 

8. Task: .No_p_,__~8 

~le Principal Investigator shall f~.,rnish consultation -end 
advice on subject related to his expertise, at such times and places as 
mutually agreed upon° 

~mse tasks shall proceed according to the ~oTlc~,ing tentative schedule. 



Tnble AI T~,:k~ S c h c d , , l c ~  

Equipment: & 
Assembly I I 

Months of Work from Inceptl.on* 

~6 

R 3 AR 4 R 5 R 6 AR 7 

Tn~k i I  1 
"Catalyst: Screening Tests" 

Tamk Ill 

"Ki~etlc Studies!' 

Task V 
t ~ff "CaBalys~ Preparations and Characterizrltion~ 

Task~ IV . 
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Task VI " I 

"Extended Cat:alyst: To.sis" 

• " : I T a s k  V I I  , 
• i P r o j o c t  I 

i ! 

Task V I I I  , .: • ~ . 
l 

i "Consulter:ion and Advice by PoI. to ERDA" , . i '" I 

• -Tile dashed iJ.ncs indl,mee posslbla overruns or exeanded periods' of wrWk; in n glvan tnsk. 
• * - Technical report dtle d,~l:es. *** - Fln;~l report. : : '. 
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