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I. CONTRACT OBJECTIVE 

The objective clothe contract is to develop a catalyst 

and to se].ect operating conditions for the direct conversion of 

syngas to liquid,hydrocarbon fuels, using microporous crystals - 

"molecular ~ieves" - in combination with transition metals. 

¢ 

II. SCHEDULE 

The c o n t r a c t  work  i s  p l a n n e d  f o r  a - t h i r t y - s i x  m o n t h p e r i o d ,  

which started March 6, 198~. The<.work on,the program is divided 

i n t o  f o u r  t a s k s .  I n  Task  1 ,  s h a p e - s e l e c t i v e  c a t a l z s t s  (SSC ' s )  

are being evaluated for converting low:molecular weight liquids 

s u c h  a s  m e t h a n o l  and  p r o p y l e n e  t o  d e s i r e d  p r o d u c t s  l i k e  g a s o ' l i n e ,  

turbine and diesel fuel. In Task 2, 'the feed is syng~.~ (CO ~ H2), 

and "the c a t a l y s t  i s  a c o m b i n a t i o n ' o f  t r a n s i t i o n  m e t a l  c o m p o n e n t  

(MC) and SSC. Task 3 is a study of surface ~ffects and reaction 

i n t e r m e d i a t e s  du2Ting t h e  h y d r o g e n a t i o n  o f  c a r b o n  m o n o x i : d e ,  c i r r i e d  

out as a subcontract under' the~d'irection of Dr. Gabor A. Somorjai, 
0 

o f  U.C.. B e r k e l e y .  T a s k  4 i s  a s e r i e s  o f  m a n a g e m e n t  a n d - t e c h n i c a l  

reports. : 

& 

II!. QRGANI ZATION 

" L i q u i d  H y d r o c a r b o n  F u e 2 s  f r o m  S y n g a s "  i s  t h e  g o a l  o f  a 

research and development program on catalysts carried out by the 
0 

Molecular Sieve Technology Department of the Engineering Products 

D i v i s i o n ,  U n i o n  C a r b i d e  C o r p o r a t i o n  a t  t h e i r  T a r r y t o w n  L a b o r a t o r i e s .  

Principal investigator is Dr. Jule"A. Rabo. Program, manager is 

Dr. R i c h a r d  C. E s c h e n b a c h .  

-1- 
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C 

IV. PROGRESS SUMMARY 
E 

Task 1 

Four new alumiaophosphate molecular sieves were prepared 

in test quantities. Chemical modification to increase their 

catalytic a~t&vity is planned. One of these (unmodified), 

ALP04-11, wastested and found rather inactive for propylene 

oligomerization. Appendix A report~ synthesis work on both 

Task 1 and Task 2 catalysts. ~ 

Appendix B r~ports development work on~:analytical tech- 

niques. The on-line G.C. was puG into service. Separation 

procedures for the proposed liquid chromatographic alternative 

to FIA,ana!ysis were found unsatisfactory. 0 c 

Data from seve~tests of propylene oligomerization with 

several catalysts'are ~ reported in Appendix C. Changing from 

methanol to propylene feed eliminated earlier problems associated 

with the solid part of methanol reaction products. Tests with 

UCC-101, a proprietary UCC, large pore molecular sieve of 

moderate acidity, resulted in reaction products having both 

gasoline and diesel fractions. Tests with LZ-105-6, similar 

in properties to Mobil's ZSM-5, resulted in good yZeld of 

gasoline range product with very little diesel range product. 

Feeding water along with the propylene and hydrogen was found ~ 

to markedly reduce the rate of deactivation of both LZ-105 and 

UCC-101. Another'new UCC proprietary molecular sieve, UCC-104, 

was active and very selective fob the production of gasoline 
<. 

range hydrocarbons (more than 95% selective to C5+). At low 

temperatures, the UCC-104 ~roduces less propane,'than the LZ-105- 

6, i.e. the UCC-104 is more selective to liquid product formation 

than cata%yst~ like ZSM-5. ~ .~ 

, Also included in Appendix C are some Task 1 screening 
: ¢ 

tests on a microreactor setupS< 
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Task 2 

c, Results of seve~ Task 2 tests appear in Appendix! C. 

IN f o u r  r u n s  t h e  c a t a l y s t s  h a d  r e a s o n a b l e  a c t i v i t y  I b u t  w e r e  n o t  
• II 

as selective to liquid products as desired. The very low catalyst 

a c t i v i t y  i n  t_he o t h e r ,  t h r e e  t e s t s  i s  b e l i e v e d  d u e  ~ito p r o b l e m s  w i t h  

catalyst Ipreparatlon or activation. 
l 

t~ 

~Task 3 • 

The high pressure-low p~essure cell in Prof'essor-Somorjai's 
z9 

o 

l a b  h a s  b e e n  c o m p l e t e d .  ~ r e m ~ m l n a r y  F - T  t e s t s  w e r e  c a r r i e d  o u t  i n  

it.. A catalyst, prepared at T~rrytown by decomposing adsorbed 

m e t a l  c a r b o n y l  i n s i d e  t h e  z e o l i t e ,  sl'~owed g o o d  s e l e c t i v i t y  t o  

olefins in a test in this apparatus. 

V. CHANGES 

No changes in the last quarter. 

': VI. FUTURE WORK 

° Promising SSC catalyst types will con~'tinue to be evaluated 

i n - T a s k  1 B e t t y  . r u n s .  T e s t s  w i t h  MC l o a d e d  UCC-104  . . w i l l  be  d o n e  

using syngas feed. Exploratory: work on metal-loading techniques 

will continue. " - 

RCE/eh 

R. C. Eschenbach, 
Program Manager 
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P. K~ Coughlin 
F. P. Gortsema 

APPENDIX.A: CATALYST SYNTHESIS 

O 

: Synthesis of catalysts to be used in Task 1 testing has 

proceeded well this quarter. More of thepreviously synthesized 

materials were formed as 20% alumina bonded extrudates ready for 

testing. Sodium exchanged LZ-Y62~ was further cation exchanged 

with rare earth to give a RE(Iii)Y62. The rare earth accounted 

for 70% of the ion exchange capacity of the zeolite. This was 

prepared as a continuation of the series of catalysts prepared 

~ast quarter with multiva!ent cation exchange to create Lewis 4 

acid sites in the zeolite. The LZ-Y62 was also cation exchanged 

with cesium to give a CsY62. The activity of this material for 

propylene oligomerization will be compared with that of NAY62, 

which was tested earlier this" quarter, to see the effect~o~ cation 

size on the activity of the catalyst. Zeolite Omega was sodium 

cation exchanged in preparation for making a partially acid ~- 

zeolite catalyst. 

Additional scaleup batches of AIPO4-5, Ii, 17, 31 have been 

prepared by hydrotherm~l techniques using Parr 2£ stainless steel 

autoclaves and the procedures described in the Wilson paten£ (1). 

The goal of t~is synthesis effort is to prepare enough material 

of the four structure types listed above to provide material both 

for catalytic testing and to try chemical m~dification techniques 

o~these new materials to enhance their catalytic activities. The 

latter materials would also be tested catalytically to determine 

if the chemical modification techniques were effective in changing 

the acidity characteristics of the materi&l, or' some other property 

of these new molecular sieves. 

The major emphasis in synthesis activity th~s quarter has 

been to'prepare these materials, phase-pure, in~ sufficient quan- 

tities to permit £horough testing of each structure type. This 

has meant that synthesis procedures have had to be modified, or 
(3 

in some cases different struc£ure-directingtemplates have had to 
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be used. 'At least one satisfactory 200g batch of each composition 

has been prepared, one more batch of each' will be synthesized to 
,.: :|, 

provide material for mod$~/cation structure of each composition. 
l 

, So far only AIPO4-11 has been tested for propylene oligomeri'zation. 

Two new Union Car bidg~molecular sieves labeled UCC-104and UCC-105 

have been introducid into the program and for~ed as 20% alumina- 

bonded extrudates. One of them, UCC-104 was tested for propylen~ 
°. 

oligomerization this quarter. ~ 

~ynthesis and characterization of metal-loaded molecular 
0 

sieve catalysts for Task 2 ~esT_ing has also proceeded well this 

quarter. A previously synthesized material, with 50% Fe as Fe203 

precipitated on U~C I01, was formed:as a catalyst and calcined 

under different conditions, temp 250°C-500°C, time 2 hours - 16 " 

hours, ~c see if the form of the Fe203 and activation procedure 

affected the catalytic properties of these iron-loaded m~lechllr 

- s~e@es. It appears that catalyst preparation or contamination ~ 

muddled the results of this investigation~ Many of these materials 
C 

were completely inactive for Fischer-Tropsch synthesis even though 

the iron :had been reduced. One of the completely inactive catalysts 

was suspected of massive sintering of the iron during activation, 

but SEM analysis showed no real differences in the form of the iron 

af~ef testing between a catalyst which had been active and the one 

whicb was suspected of sintering. EDAX showed no sign of s~lfur 

contamination, another possible explanation for inactivity. At 

the present the cause of the problem with that batch of catalyst ~ 

is still unclear. 

. Other catalysts of this type have also been prepared. A 

catalyst which was to be 20% Fe was synthesized by the stoichio- 

metric addition of 6M aqueous ammonia to a boiling slurry of the 

zeolite LZI52, in aqueous ferric nitrate. The chemical analys~s 

showed the anhydrous material to be 20.2% Fe. This analysis shows 

the material to be 29.6% Fe203 with the balance being zeolite. 

This material was tested at the very end of this quarter and found 

to be active for F-T synthesis. A s~milar catalyst has been pre- 

pared using silicalite (2) as the molecular sieve. Catalysts have 

-5- 



also been prepared!iby partial ion.exchange of F-T metals into 
molecular sieves. ~:The catalysts of this type synthesized thus 

far have been Fe(IIX) and Co(II) ion exchanged into LZ-13X. : 

• The synthesis and characterization of catalysts made by 

the occlusion of metal carbonyls, ?e(CO)5, Fe2(CO) 9,~ and Mn2 (CO) 10 

in molecular sieves hasbegun. The materials prepared thus far 

are shown below. 

: Anhydrous 

Notebook # Molecular Sieve % Fe % Mn 

-p 

~9674-34 Hydrated UCC 101 5.8: --- 

9674-37 Hydrated UCC 103 6.3 --- 

-967.4-40 Dehydrated UCC 103 1.3 8.5 

9 6 7 4 - 4 2  D e h y d r a t e d  UCC 103 1 . 2  7 .8  

9673-17 Dehydrated UCC 103 :l~•.'i 7.3 

The metal carbonyls were adsorbed in the pores of UCC i01 and acid 

extracted UCC 101, UCC 103. The attempted total metal~loading' 

level was 10%. When hydrated molecular sieves were used only 

5.8 and 6.3% metal loading were obtained after oxidation decompo- 

sition of the metal carbonyls When the molecular: sieves were 

air calcined to remove the adsorbed water just prior to adsorption 

of,:the oarbonyls, metal loadings of 8.6 - 9.8% were obtained after 

oxidation decomposition of the metal carbonyls. In the mixed 

manganese-iron system the Mn:Fe ratio in th e product was greater 

than the desired 4:1, indicating preferential loss of iron during 
: ~h 

decomposition. Further characterization of these catalysts using 

ESCA and TEM is proceeding. 

A description of the catalysts tested this quarter is given 

in Table I. 

(i) U.S. Patent 42310,440 

(2) U.S. Patent 4,061,724 -6- 



 ay-62 ! 
10% H-Y62~ 
40% H-Y62# 

97% H-Y62 ~ 

Ca~-62 

LZ-105-6 

AIP04-11 

ucc-i01 

UCC-103 

UCC-106 

Reference Fe 

Fe-Y52 

UCC-201 

UCC-202 

? 

TABLE 1 

CATALYSTS TESTED THIS QUARTER 

o 

" TASK 1 
6 

These are a series of e~arge pore zeolites with a 
three-dimension~pore structure, which were first 
cation exhcanged With sodium and then partially 
cation~exchanged wi~ ammonium. The proton form of 
the zeolite is produced by calcination. 

~Similar to ' the above materials except producedby 
more complete ammonium,~exchange. 

The sodium cation, exchanged form of Y was- subsev% 
quently cation exchanged with calcium. 
0 :. O 

A Union Carbide medium pore molecular sieve with a 
SiO2/Al 0 ratio ~f • . 2 3 about 35, having ~ structure 
slmalar to ZSM-5. 

A new Union Carbide aluminophosphate moleSular sieve 
with a pore size of ~6~ and %ndetermined structure. 

A 'large pore molecular sieve having moderate 
acidity. 

The acid" extracted form of UCC-101. 

A Union Carbide proprietary molecular sieve. 
~ - , .. 

A ~arge.pore molecular sieve having moderate 
acidity. 

:) 

TASN 2 

A/I unsupported, potassium-promoted iron catalyst. 

20% iron,, a s  Fe'203"XH20 p r e c i p i ~ a t e d  on s o d i u m  cLZ-Y52" 

A catalyst with ~40% iron as Fe203"XH20 precipitated 
f r o m  a n i t r a t e  s o l u t i o n  on  UCC-101. 

~A catalyst made by, the oxidativ~ deco~posit:ion of 
manganese and iro~Jcarbonyls which~had~been adsorbed 
i n s i d e  UCC-103,  r e s u l t i n g  i n  a b o u t  8% by  w e i g h t  o f  
~ 62 ~ : 1Fe. 

% .- 
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J. M. Basile 
o 

APPENDIX B: ANALYTICAL TECHNIQUE-S 

The new Cirie Model 530 gas chromatograph, for on-line 

gas phase analysis, requi~ed several minor modifications to the 

original plumbing scheme to obtain the desired chromatographic 

separations: These changes were made andothe instrument has been 

in service since mid-June. ~ ~ 

The E~irochem/Unacon Model 810B sample concentrating purge 

and trap G.C., which was ordered to do capillary column analysis 

of the C 6 to C22 carbon range "heartqgut" of the LHF product 

samples, arrived in early June. The instrument has been set up 

an~w~zK ~ is underway to develop t~ analytical technique which 

will be used to fractionate and ahalyze the heart-cut. 

The samples of LHF produc£s which we reported last quarter 

a) had been separated ~ by Perkin-Elmer~ into hydrocarbon group-types 

via liquid chromatogriphy and b) were awaiting efforts by Enviro- 

chem to quantitate the f~actions via the,~r Unacon Model 810B," 

showed the following results: 9 
S 

: i. The saturates fraction was a lighter cut tha{ 

the original sample. Higher boiling saturates 
= 

were missing. 

2. Part of the mid to heavy saturates were found 

in the olefins fraction. 

3. Normal ~araffins were evident in theoaromatics 

fraction. 

All of these resul~Is indicate that the highly nonlpolar ~ 

character of the freon-typ~ LC~solvent cannot accomplish group 

type separations of wide boiling mixtures. 
J) 

Perkin-Elmer subsequently tried a pentane solvent system 

and returned the separated fractions to, us for~analysis :using our 

newly acquired Unacon Model 810B. The pentane solvent was not able 

to separate the saturates from the olefins and therefore was not 

acceptable. Perkin-Elmer expressed a desire to further investigate 

techniques to accomplish the desired separa%ions. They indicate 

--8-- 



that the wide boi~ling range of our samples is the prime~eascn 

why current LC techniques have not been successful. ~: ~' 
Ii 

In the~hope that they canoresolve these problems, we have 

,placed a conditional purchase order with Pe~kin-Elmer for an LC 

system. Delivery of the LC would not be made uhlil we are satisfied ~: 

with the separation ~echniques they develop.~ The conditional 

purchise order places us ~n the:manufacturing ~ list and is auto-" 

matically cancelled in four months, if satisfactory, techniques 
wc 

have not been developed 5y that time. 

:Data on FIA analyses (performed on almost all~liquid samples 

taken this quarter)are not0presented in this quarterly report. 

Significant discrepancies in analyses, submitted as duplicates or 

from nearly equivalent condit~pns, have cast doubt on th~ reli- 
ability as well as the accuracy and reproducibili£y of the techniques' 

,as used for our samples. Work to find a reliable way to distinguish 

olefins and aromatic~ separately from saturates is starting. 
o 

-9- 
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INTRODUCTION 

~During the months of June, Jul~ and August, 1982, we had 

three reactor systems in operation - two Berry ihternal recirculation ~ 
/2 

reactors and one fixed bed micro-reactor. In thi two'Berry" reactors, 

we made ten runs with propylene feed (Runs 9972-1 to 9972-10) and 

ten runs with s~ngas feed (Runs 9710-18, 9710-19, 10011~l'to 10011-6, 
C : : " . 2' 

9972-ii, and 9972-12). in the micro-reactor system,:we made five 

runs with propylene feed. A brief description of the runs. is pre- 

~catalysts "~ sented in TaDLes l, 2 and 3. The used are described in ~ 
a~Y 

table.~! of Appendix A. 

In the Task 1 program for evaluation of the shape-selective 

component of the catalyst, we report on the performance of two new 

ca£alysts on propyiene reid, on~ tested=both with and without co = 

fed steam. Steam stabilizes t~e catalyst performance and slows <' 

down catalyst deactivation. The first new catalyst was an AIP04-11 

catalyst, a new micreporous crystalline molecular sieve of the 

aluminophosphate series discovered by Union Carbide Corporation 

• scientists (U.S patent 4,310,440). It has'practically no catalytic 

activity for propylene reaction. The result is not surprising, 

since the as-synthesized iluminophosphate materials have perfect 

electric cha;ge balance in their crystal structure and have no ion 

exchange capacity. However, this does no~ Dreclude utility as a 

shape selective component in syngas reactions of~Task 2. Another 

new molecular sieve, UCC-104, was also tested. The sgleqt~'_yit~ of_~. 

UCC-104 for liquid products (91 to 95% C5 +) was superior to that 

of LZ-105-6 or UCC-101. 

-li- 



In the Task ~ program, e the results of syngas operation 

using Fe-loaded UCC-101 catalyst and ~-Fe-loaded UCC-103 catalyst 

are reported. None of the catalysts reported here contain pro- 

mo~ers and therefore are not expected to have high selectivities 

to heavier hydr0carbons; they are only preliminary tests of activity. 

The manganese-iron loaded UCC-103 made by the oxidative decomposition 

of the metal carbonyls inside the molecular sieve was almost comple- 

tely inactive for F-T synthesis. ~he best run on Fe-lo~ded UCC-101 

catalyst (Run 97i~L19) was carried out with the ~actor pressure at 

300 psig and temperatures of 250, 284, and 313°C with 60/30/10 H2/CO/ 

Argon feed. ~ It achieved syngas conversion levels of 34, 47 and 53% 

and C5+ product selectivity of 40, 13 and 7% at the respective 

temperatures of 250,~284, and 313°C. One of the product samples 

(Run 9710-19-5 at 250°C) showed a selectivity of 60% CI-C 4 light 

ends, 29% C5-420"F gasoline range and 10% 420-700~F diesel range 

products. Simulated boiling point distributions of the collected 

liquid products at9 also presented. The performance of each~cata~yst 

is also a function of its activation conditions. ~" These are detailed 

in the descriptions of individual runs. 

As noted in Appendix B, FIA results obtained this quarter 

are not reported. 

~ -12- 



TABLE l OPERATI'NG STATUS 

PROPYI.ENE RUNS IX FIXED BED ~IICRO-REACTOR 

FEED C3H6 
RUN NO. CATALYST H2:C3H6 WHSV PSIG T C LIQUID HC PRODT 

10027-I LZ'105-6 2:1 l 150 340 NO 
10027-2 " " " " " YES, I 1 . 3 GM 

10027-310%H-Y62 2:l l 150 340 NO 
10027-4 " " ,, l, " NO 

I0027-5 g7%H-Y62 2:1 l 
I !  I I  

10027-6 40%H-Y62 2:1 l 

IBO 340 YES, i.Eg"GM 
" " YES, 0.91 GM 

150 340 YES, 0.66 GM 

10027-7 ~A-Y62 2:1 1 150 340 NO 

-13 -  



TABLE 2 OPERATING STATUS 

I, 

PROPYLENE RUNS IN BERTY REACTOR 

FEED C3H6 
RUN NO. CATALYST H2:C3H6:H20 WHSV PSIG 

, . ,= 

9972-1 LZ-lO5-6 1 : 1-: 0 1 150 
150,75,300 
300,150,50 

9§72-2 LZ-105-6 1: 1 : 2  0.4 150 

9972-3 UCC'lOl 1: l :  2 0,4: 150 

9972-4 UCC-I01 l :  l :  3 0.5 150 

9972-5 ALPO-11. 2: 1 : 1  0.5 150 
~" 300 

9972-6. UCC-104 I :  I :  0 0.5 150 

9972-7 UCC-104 2: 1 : 1  0.5 150 

9972-8 UCC-103 1: 1 : 2  0.5 150 

9972-9 UCC-106 1: 1 : 2  0.5 150 

9972-'I 0 CA-Y62 1 : 1 : 2 0.5 150 

TEMPERATURE C 

280,310,340,370,280 
280 

37O 

41 0 

41 0 

280,340 

280,340 
340 

280,340 

28 0,340 

280,340 

280,340 

280,340 

.3 
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TABLE 3 O'PERATING STATUS 
~ D m ~ m m ~  

":SYNGAS RUNS IN BERTY REACTOI~ 

RUN NO. CATALYST:H2iCO:AR GHSV PSIG T C %CONV %C5+ SN4PLE NO & REMARKS 
r: 

9710-18 UCC--201 60:3~0:I0. 435 300 250 
(FE-UCC-101 ). .. 

5 - 24 

g710-19 UCC-201 60:30:10 435 300 250 34 40 
" " 297 284 4.7 13 

~. " " 294 313 5'3 7 
: 4B:4B:lO " ~ 297 313 6g 17. 

I0011-I UCC-201 " 60:3Q:I0 435 290 280 
I I  I I  

= 

1001 I-2 UCC-201 

.,~ 

10011-4 UCC-201 

3,4 ,5  
6 ;7 ,8  
9,10 

44 15 " 
18" 11 *AFTER 113 HRS @410F 

60:30:10 300 300 220 10 15 
45:45:10 " " 219 9 32 

"" " " 270 37 29 
" " 1 O0 251 1 S 36 

45:45:10 300 100 273 ,'.,17 19 
" " 103 302 : 35 15 

;lO011-B UCC-201 45 :45 : I0  300 I05 279 12 17 

1 0011-3 UCC-202 45:45:10 300 300 220 
(MN-FE-UCC103 ) " " " 252 

I0011-6 REF. CAT. BO:50:0 300 102 254 
FF-203,K20 45:45:10 300 98 254 

60:30:I0 300 95 254 
" " " 281 
" " 93 309 
" " 32 31 0 
" " " 342 

3 7 
4 17 

BRN OIL TO YLW WAX '!, 
YLW WAX 
YLW WAX 
YLW GRN WAX 
YLW WAX 
YLW WAX 
YLW OIL 

,9972-II UCG-201 

9972-I 2 FE-Y52 

50:50:0 300 ]01 252 

60:30:I0 300 100 251 
|# 'l " ~80 
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Propylene Runs in Fixed Bed Micro-Reactor System ~ 

: A fixed bed%micro-reactor system/owned by UCC was used 

as an initial screening device on the:activity of several catalyst 

candidates as part of the ~ask 1 ~est :program. Seven grams of 

catalysi was used in each test. The feed consisted of a mixture 

df~hydrogen and propylene at 2:1 H2:C3H6~mole ratio; propylene 

was fed at 1 WHSV (weigh£ h0urly space velocity). The reaction 

was run at 150 psig and 340°C. Propylene was fed during day-£ime 

hours onlY, wi£h hydrogen flowing continuously overnight. A /[ 
catalyst was ~sually tested for two days. This is a rough screen- 

ing "test, designed to see if the catalyst has any activity for 

making of liquid product. If so, ~the catalys~ may be considered 

for further testing in the Berry reactor. 

We tested ' five catalysts in the micro-reactor system: 

LZ-105-6 (used as reference) and four modified LZ-Y62 catalysts 

starting with sodium-exchanged LZ-Y62, of various acidity:,NaY62, 

10% H-Y62, 40%H-Y62, 97% H-Y62. In these screen~ing t~sts, the 

respective liquid product makes were: LZ-105-6, ll.3 gm.; NAY62, none; 

10% H-Y62, none; 40% H-Y62, 0.66gm.; 97% H-Y62, 2.8 gm. These 

runs are listed in Table 1. 
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Propylene Operation in the Betty Reactor 

Hydrogen and • steam were co-fed with propylene into the :; 

reactor in order to simulate the reactor environment of a syngas 

operation in an internal recirculation reactor. The feed com- 

position is expressed in terms of mole ratios of H2:C3H6:H20. 

The H2:C3H 6 ratio was generally 1 to l, and on occasion 2 to i. 

The ratio of steam co-fed to propylene included values ~f 0, i, 
f~ 

2 and 3. In all'.' the reported runs except Run 9972-1, the feed 

mixture was fed continuously without interruption. For Run 

9972-I, the propylene was fed during the daytime hours only, 

with £he hy/'drogen ' fed continuously throughout the nlght. 

Seven different types of.catalysts were used in this series .: 

of operations. For the intermediate pore molecular sieves, we 

tried LZ-105-6, ALP04-11, and for the large pore molecular sieves, 

we tried UCC-101, UCC-103, UCC-106 and Ca-Y62, in addition we used 

UCC-104. For a description of these ~ catalysts, please, refer to 

the section on Catalyst Synthesis and Characterization in this 

report and earlier quarterly reports. 

Seven propylene runs (Run 9972-1 to 9972-7) will be covered 

in this report. The prodhct, s'amples for the other three runs have 

not been fully characterized and will be covered in the next report. 

Run 9972-i, Feed l:l:0 (H2:C3~6:H2 ~) on LZ-105-6 
= 

In this run, as mentioned earlier, the propylene was fed 
i 

during daytime hours with hydrogen being fed continuously overnight. 

Since LZ-105-6 is known to be a stable catalyst, it was tested over 

an extensive range of temperatures and pressures. The conditions 

of the operation and results are tabulated in Tables 4A to 4E. 

The Tables list the results including: material balances; conversion 

of C3H6; product selectivities grouped by light ends, gasoline 

fraction and.~d!esel fraction; product characterizations, such as 

iso/normal ratios, paraffin/olefin ratios and boiling range of the 
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liquid hydrocarbon samples. The operating conditions were l:l 

H2:C3H6 mole ratio fed at :l C3H 6 WHSV feed rate, on 30 grams of 

catalyst of about 50 cc. volume. The pressure and temperature 

schedule (Figure l) is briefly repeated below (in chronological 

order;)~. 

PSIG TE~P. °C 

150 280, 310, 340, 370, 280 

150, 75, 300 280 

300, 150, 50 370 

Hence=there are dat: at constant pressure (150 psig)'and increasing 

temperatures, as Well as data at constant temperatures (280 and 

370°C) with different pressures. These are plotted accordingly in 

~igures 2 and~3. For each of the conditions tested, a simulated 

boiling point distribution plot of a representative sample is pre- 

sented; Samples i, 3, 5, 7, 12, 14, 16, 17, 20 are shown in Figures 

4 through 12 

Figure 2 shows the effect of temperature on conversion and 

product bof~ling range. The conversions are high, with a range~6f 

92 to 96%. Higher temperatures resulted in much higher Cl-C 4 

light hydrocarbon fractions. The liquid products also bec6me lighter 

with . increased temperature. At 280°C, 82% of the C5+ product boils 

in £~ gasoline range, that is less than 420°F. At 310°C to 340°C, 
u 

88-90% of the C5+ product boils in the gasoline range. Comparison 

of Figures 4 to 7 also shows another trend in the composition of 

liquid product. As-the reaction temper'~ture increases from 280 to 

370°C (going from Figure 4 to 7) %he distillation curve becomes 

less smooth. Individual components can be distinguished boiling at 
O .~ 

230, 285, ~and 330°F. These temperatures correspond to the boiling 

points of toluene, xylenes and C 9 aromatics respectively. The~ 

increasing refractive index of the liquid product also supports 

the conclusion that the product is becoming more aromatic at the 

higher temperatures. Propane and butane, produc~-~-~ydride 

transfer,!:also increase with temperature, as would be expected with 
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increased aromatics production; The kinetics of aromatics formation 

should improve with higher reaction temperature. 

Figure 3 shows the effect of pressur 9 at constant temperatures 

of 280°C (left side c~lumn of the plots) and 370°C (right side column 

of the plots). At 280°C and 75 psig, 86% of the C5+ product was in 

~he gasoline range. This amount decreased to 82% at 150 psig and 

80% at 300 psig. lh 9 hicher pressure led to a large~ percentage 

of the liquid product boiling a~ove t~e gasoline range. Increased 

pressdre, i.e., concentration, would be expected to increase addition 

reactions,~leading to heavier products. 

At 370°C,~ (see the right side column of plots in Figure 3) 

there was a major increase in C1-C 4 fraction with increased pressure, 

mostly in the form of propane and butane (sar~ples 16 and 17). While 

the absolute°amount of~Cs+ markedly decreased with increasing pres- 

sure, the C5+ that was produced became heavier, just like at 280°C. 

At 50 psig, 92% of the C5+ prdduct was:in the gasoline range. At 

150 psig this:percentage was 89 and at 300 psig it was only 84. 

The simulated distillation plots also show another t~end wi£h in = 

creasing pressure (showh ~n Figures 12, 7, and 10 going f~r~m 50 psiq 

to 150 psig to 300 psig). The curve becomes less smo~£h, i.e. the 

distillation of individual components becomes more pronounced with 

increasing pressure. The refractive index also increases with 

increasing pressure. These observations of the liquid product along 

with the changes in the propane and butane production are all con- 

sistant with greater aromatics production at higher pressures. The 

propane and butane are the products of the hydride transfer neces- 

sary to form the aromatics. This would be a bimolecular reaction, 

the rate of which would increase with pressure. This was not seen 

at 280°C because the temperature was too low for the kinetics to 

allow significant production of aromatics. A total of 21 product 
I • . 

collections were made with pressure and temperature conditions as 

depicted in Figure i. 
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TABLE 4A PROPYLENE(WITH H2) OPERATION 

RUN NO. 9972-01 
CATALYST LZ-I05-6 #9939-01 50 CC 30.0 GM (33.16 GM AFTER THE RUN) 
FEED , C3H6/H2 @ I / ]  MOLE RATIO, 290 CC/MIN H2 FLOW, C3= FLOW 7 HR/D 

C3H6 MW= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F) 

RUN & SAMPLE NO. 9972-0l-I  

C3H6 WHSV 
HRS ON STREN,15 
PRESSURE, PS IG 
TEMP. C 

FEED C3H6 CC 131.51 
HOURS FEEDING 2.0 
EFFLNT GAS LITER 45.2 
GM LIQ HYDR'OCARBON 32.~77 
WT FR. LIQ HC/FEED .4882 

MATERIAL BALANCE WT % 83.99 
C3H6 CONVERSIDN % 93.70 
PRDT SELECTIVITY WT % 

CH4 
C2 HC'S 
C3H8 
C4HI 0 i. 
C4H8= 
C5HI 2 
C5HI O: 
C6HI 4 
C6H12: & CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

TOTAL 100. O0 
SUBGROUPING 

Cl -C4 15.95 
C5 -420 F ; 70.61 
420-700 F 13.43 "~ 
C5 -END PT 84.05 

9972-01-2 9972-01-3 9972-01-4 9972-01-5 

l .l l . l  l . l  l .l l . l  
2.5 "~ 7.5 l l .O 14.0 17.5 
152 148 144 142 ' 143 
278 279 307 307 336 

314.0 198.2 195.07  195.07 
5.0 3.0 3.0 3.0; 

116.9 71 .l 70.3 74.3 
93.30 42.13 51.31 32.75':' 

.5821 .4165 .5153 " .3289 , 

90.23 80.26 90.80 82.83 
96.19 , 94.65 94.65 95.2 7 

O. 0509 O. 0387 O. l 174 O. 0911 O. 2584 
O. 1635 0.1226 O. 0000 O. 2999 O. 7806 
6.7851 9.0719 6.4647 4,4276 I0.5096 
5.3615 2.871 2 9.2434 6.6405 16.0236 
3.592l 3 .7820 4.7222 4 .6925 4.32l 3 

~3.9458 2.271 2 6.9334 5.3198 l O. 2667 
4.0046 4.2365 4.4360 4. 7022 3 • 3246 
3.0899 2.1888 4.2713 3.6977 6.0462 
l .8936 2.0526 l .9870 l .  6435 O. 9596 
5.2618 4.6779 4.9821 5 .3212 5.4495 

65.851 2 69.1 784 56.8424 62.1 638 43. 0597 
' " l  , . i  .,, , , , ,. 

Ioo;oo !oo.o0 ::::Ipo,oo 
'15.89" ,20.55 , ,16.,i:5: 
69.14' 69.79 ' ,  73.59 
14.~2 9.38 I0.26 
84~II 79.45 83.85 

lO0.O0 

31.89 
60.5] 

7.43 
68.I l 
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ISO/NORMAL I,;OLE RATIO 
C4 l .l 577 l .  281 9 I .7247 
C5 2.7926 2 .7286  2.7825 
C6 2. 8870 2.1 805 3. 0477 

C4= ~ :; 0"~'4146 0.3881 0,4389 ,.:, 

PARAFFIN/OLEFIN ~I RATIO 
C3 0.9677 2.'I 93"7 I.0930 
C4 l .~408 0.7328 l .8895 
C5 0.9578 0.5211 l .5193 

. . L. 

1.8769 
2.8644 

~2.7869 
0.4324 

1.5071 
2.5075 
3.5047 
0.4413 

O. 7481 
I .  3660 
l .0997 

2. 0319 
3.57.94 
3.0018 

LIQ HC COLLECTION 
PHYS. APPEARANCE CLEAR OIL CLEAR OIL OIL,LT BL OIL,LT BL OIL,YL GR 

0.797 
1 • 4684 

9 

159 
195 ~ 
299 
431 
477 

236 

DENSITY 0.759 ~ 0.7,.61 0.777 0.755 
N,REFRACTIVE INDEX 1.4346 1 . 4 3 3 7  1 .4457  1.4399 

SIMULATED :DISTILLATION 
1 0 WT % @ DEG F. '172 ' 1,83 157 162 
16 204 21 0 1 92 193 
5(). : 31 5 321 297 300 
84 445 453 426 423 = .' 

90 492 503 475 468 
,3 

~:RANGE (l 6-84% ) 241 243 234 230 

WT % @420 F 79.6 78.2 83.0 83.5 82.4 
WT % @700 F lO0.O 99.2 99.5 100.0 99.6 
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.TABLE 4B 'PROPYLENE{WITH H2) OPERATION 

RUN NO. 9972-01 ~ 
CATALYST LZ-105-6 #9939-01 50 CC "30.0 GM (33.16 GM AFTER THE RUN) 
FEED C3H6/H2 @ I / l  MOLE RATIO. 290 CC/MIN H2 FLOW, C3= FLOW 7 HR/D 

C3H6 MW= 42.0813 DENSITY= 0.5~041 GM/CC {@ 73 F) 

RUN & SAMPLE NO. 9972-01-6 9972-01-7 9972-01-8 9972-01-9 9972-1-I 0 

C3H6 WHSV l . l  ] . l  
HRS ON STREJ~15 21.0 25;0 
PRESSURE,PSIG 145 147 
TEMP. C 337 370 

FEED C3H6 CC 223.39 230.94 
HOURS FEEDING 3.5 3.5 
EFFLNT GAS LITER 85.4 90.3 
GM LIQ HYDROCARBON 49.15 29.72 
WT FR. LIQ HC/FEEID : .4311 .2521 

MATERIAL BALANCE WT % 90.36 85~'4:1 
C3H5 CONVERSIO.N % 95.04 95.20 
PRDT SELECTIVITY WT % 

CH4 
C2 HC'S 
C3H8 
C4H10 
C4H8= 
C5HI 2 
CSH1 O: 
C6HI 4 
C6H12= & CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

TOTAL l O0. O0 l O0. O0 
SUBGROUPING 

C1 -C4 24.86 45.25 
C5 -420 F 67.17 47.38 
420-700 F 7.97 7.24 
C5-END' PT 75.14 54.75 

1 .I 1 .I 1 .I 
29.0 32.5 37.5 
145 ~: 147 1 50 
370 : 282 282 

.?. 

247.30 193.8i • 292.60 
4 .0  3.0 4.5 

lO1.7 72,9 109,2 
44.41 58.77 86.6Z 

.3518 .5941 .5800 

92.38 95.08 93.74 
,r 97 .06  85.37 89.1 9 

'1, 

0. 2065 0. 5748 0. 4903 O. 0294 0 • 0276 
0.5403 1,5025 l .31 24 0.0200 0,0762 
7,1552 17.8821 14.0543 3.0490 8.1101 

12.1173 21.1874 16.9210 1.1281 1.4564 
4.7449 4 . 1 0 5 9  4 . 0 5 7 9  4 .7259  4.1347 
8 • 4045 l O. 2999 9 • 4264 O. 9042 1 • 0794 
3.83"33 2 . 3 0 5 8  2 .8045  4 .8598  4.3935 
4.3723 4.1523 4.2325 1.5975 1.6156 
I • 5794 O. 8800 ' O. 8119 2 • 6501 2. 5697 
5.2174 5.2134 5.6469 5.8134 5.2274 
51.7287 3.1.8948 40. 2417 75.2225 71.2092 

lO0.O0 100.00: lO0.O0 

36.84 8.95 13,8l 
56.89 75.10 71.1 0 

6.28 15.87 15.03 
63.16 91.05 86.19 
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ISO/NORMAL MOLE RATIO" 
0'4 ",t I .  6531:~ 
;~5 '~2.5364 
C 6 2.9O 60 
C4= O. 4366 

PARAFFIN/OLEFIN M RATIO 
C3 = 1.3100 
~4 ~ 2.4652 
C5 , 2.1312 

,} 

I .  3480 I • 3967 1 ..l 239 O. 5756 
2.7891 2.5174 2.4760 : 1.5747 
4.8999 3.6158 l .  5029 l • 2075 
O. 4201 0. 4834 ,0.3231 D. 3400 

3. 4063 4.4573 O. 1845 O. 6397 
4.9813 4 . '0253 0.2304 0.3400 
4.3403 3. 2672 0.1 809 0 • 2388 

v 

LIQ HC COLLECTION 
PHYS. APPEARANCE OIL,YL GR OIL,YL GR OIL,YL GR OIL,YLW'@R~ OIL,YL GR 
DENSITY = 0.773 0.839 ~.815 0.75~ 0.736 

S IMULATED DIS'FILLATION 
N;REFRACTIVE INDEX 1.4562 1.4972 1.4732 1 . 4 2 8 7  1.4305 

I0 WT %°@ DEG F. 155 188 161 188 187 
16 191 224 196 "212 ; 21 2 
BO 294 321 299 324 ~ 323 
84 416 4 5 7 . ,  417 "449 449 
90 463 489 ' 466 49.4.': 494 

RANGE (l 6-84% ) 225 233 221 237 237 

WT % @420; F 84.6 76.9 84.4 78.8",, 78.8 
WT % @700 F lO0.O ' 99.6 I00.0 99.9 : 99.9 
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RUN NO. 
CATALYST 
FEED 

RUN & SAMPLE NO. 

C3H6 WHSV l . l  l . l  1.1 
HRS ON'~STREAMS" 40.5 44.0 48.0 
PRESSURE,PSIG ,I 47 74 73 
TEMP. C 282 279 281 

C 

FEED C3H6 CC - 186.26 1 8 8 . 7 8  258.63 
HOURS FEEDING 3.0 3.0 ' 4.0 
EFFLNT GAS LITER 74.1 77.2 + 104.2 
GM LIQ HYDROCARBON ';" 57.36 53.72 69.70 
WT FR. LIQ HC/FEED .6034 .5575 .5280 

MATERIAL BALANCE WT % 100.21 :,- 97.00 ; 98.,-24 
C3H6 CONVERSION % -+~:":c80.99 78.37 
PRDT SELECTIVITY WT % 

CH4 
h 

C2 H,C'S ~+ 
"'+-":-C 3-H8" "" 

TABLE 4C PRO PYL'ENE(WITH H2) OPERATION 

9972-01 -: 
LZ-I05-6 #9939-01 50.CC 30.0 ~ (33.16 GM AF-.'FER THE RUN) 

C3H6/H2 @ 1/I MOLE RATIO, 290 CUMIN H2 FLOW, C3= FLOW 7 HR/D 
C3H6 MW= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F} 

9972-1-11:;~972-1-1 2 9972-1-13 9972-1-1 4 9972-1-1 5 

84:yI l 

O. 0248 O. O167 
o.oh 3 0.0s94 
2.'6#3~ D 2.2477 
O. 7715 "': 0:6357 
5.0642 6 .2363 
0.7983 O. 5001 
4.8852, 5.8271 
1.7032 1.6093 
,3,4710 3.6054 
6.0648 = 6 • 7315 

74.4924 72.5307 

oo.o6' lOO.OO 

8.5852 9.1957 
75.3244 78.1839 
16.0159 12.6204 
91 • 4l 48 90. 8043 

C4HIO ~ ,, 
C4H8= = 

' CSHI2 
CSHlO= 
C6H14 ~ 

-C6H12= & CYCLO'S 
C7+ IN GAS : 
LIQ HC'S 

TOTAL 
SUBGROUPING 

• C1 -C4 
C5 -420 F 

.420-700 F 
C5 -END PT 

. .  . 3  

. l  l .O 
52.0 55.5 
299 303 
283 289 

0.0190 
0.0659 ,+ 

2.1299 
0.6745 
6.6248 
0.5482 
6.2591 
1.7335 
3.5951 
8.6878 

69.6620 

100. O0 

9.5141 
78.7827 
I l. 7032 . 
90.4859 

2 1 9 , 6 1  21 O.  8 0  '. 

.. 3 .5  
79.9 ,, 80.4 
45.24 59.46: 

.4036 .5526 
'-~'k'k-k"~ 

71.43 ; 91.70 
85.87 89.09 

O. 0809 O. 0688 ;,~. 
O. 1.805 0.1 589 - 
6.6429 4.7074 
l .9969 l .7005 

• 4 .  0554 :3.6196 
" 1.2119 1.1676 

4.3761 3.9528 
1 • 9060 4.5162 
3. 0626 2. 6430 
6.1712 5. 0870 

70.3155 72. 4052 
:.... 

1 00.00. ~: ] 00.00 

12.9 66 I o. 2s52 
68. 4098 72. 7296:' 
17. 8602 1 6. 6532 
87. 0434 89. 7448 
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rSO/NORMAL MOLE RATIO 
C4 :].1515 1.2932 
C5 2.3461 2.7149 
C6 1.4732 1.2844 
C4= 0.2901 0.2939 

f 

PARAFFIN/OLEFIN H RATIO 
C3 : 0.1341 0.0913 
C4 ~' 0.147l 0.0984 
C5 0.1588 0.0834 

1.4982 0.6539 0.8371 
2.6332 2.1944 2.4042 
1.2987 1.4945 6.2711 
0.3045 0.3169 0~3289 

0.0737 0.3865 0.3679 
0.0983 , 0.4753 0.4535 
0.0851 ' 0.2692~ 0.2891 

.IQ HC COLLECTION o 
PHYS. APPEARANCE LT YL OIL LT YL OIL LT YL ~IL LToY ~ OIb LT Y,. OIL 
DENSITY " 0.726 0.719 0.71 13 0/.,783 
N~REFRACTIVE INDEX 1.4309 

SIMULATED DISTILLATION 
lO WT % @ DEG F. 18g 178 173 
16 ' 213 209 ' 208 
50 324 3 0 8 J  305 
84 450 4~7 424 
90 496 469 466 

'1.4288 1.4289 1 .4304 1C4320 

205 193 
233 217 
341 328 
475 461 
524 509 

RANGE (16-84% ) 237 218 . 216 

WT % @420 F 78.4 : 82.6 " "83.2 
! WT % @700 F 9g • 9 100.0 100.0 

242 244 

73.5 .. 76.5 
98.g 99.5 

I .  

t 
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'TABLE 

RUN" NO. 
CATALYST 
FEED 

RUN & SJ~IPLE NO. 

,3 

4D PROPYLENE(WITH H2) OPERATION 

9972-01 
LZ-I05-6 #9939-01 50 CC 30.0 GM (33.16 GM AFTER THE R:UN} 
C3H6/H2 @ I / I  "MOLE RATIO, 290 CCB4IN H2 FLOW, C3= FLOW 7 HR/D~ 
C3H6 MW= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F) = 

9972-1-1 6 9972-1-1 7:9972-1-18 9972-1-1 9 9972-1-20 

C3H6 WHSV 3,0 1,0 1~1 1.1 1.1 
HRS ON STREAM5 59,0 ,62,0 65,5 68.5 72.5 
PRESSURE, PS IG 307 300 150 153 5 2 
TEMP. C 371 369 363 364 371 

FEED C3H6: CC 182.4.8 183. I l ] 88.78 185.63 : 221.50 
HOURS FEEDING 3.0 3.0 3.0 3.0 3.5 
EFFLNT GAS LITER 70.0 70.3 76,0 :' 75.5 96.1 
GM LIQ HYDROCARBON 8,81 14.80 30.79 36.92 41.22 
WT FR. LID HC/FEED .0946 .1584 .3195 "%3897 .3646 

MATERIAL B#J_ANCE WT % 90,11 87.50 83.58 95.97 94.02 
C3H6 CONVERSION % 98,05 97,25 93,47 9~,22 89,1 5 
PRDT SELECTIVITY WT % 
,.CI14 " 1,8615 1.3055 0 .3256 0.4916 O. O142 
C2 HC'S 4.4719 3.1024 0.0000 0.0000 0.9910 
C3H8 47.1570 35.5407 I0.7354 I0.8825 8.1611 
C4HI 0 20.5693 20.6111 15.9695 l 4.9539 1 2.59] 7 
C4H8= 1.1714 1.9056 5.73D3 5,1,026 ~ 9.8380 

: CBH12 : 6,5860 8,1639 9,5202 8,794.6 6,7556 
C5H1 O- O, 4300 1 • 2504 4, O1 57 3,4684 5,9569 
C6H14 , 2,6697 3,2520 4,6131 4,3146 3,7071 

• C6H12= & CYCLO'S 0.3932 0,5338 1,4037 1,4463 1,9894 
C7+ IN GAS 3,2135 4,4145 5.3114 5:8777 5,9876 
LIQ HC'S 11..4765 19.9201, 42.3751 44.6677 44.0073 

TOTAL 1 00,00 lO0,O0 l O0,O0 100.00 I00.00 
SUBGROUPING " 

C1 -04 75.23 62.47 32.76 31,43 .. 31,60 
C5 -420 F 20.41 32.42 ~ 60.03 62.32 '" 63.08 
420-700 F 4,18 "5,1 2 7,20 6,25 5,32 
C5 -END BT> 24,77 37,53 67,24 68,57 68,40 
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ISO/NORMAL MOLE RATIO 
C4 O. 9991 I .0912 l .4695 l .4744 "I .7370 

~C5 2.8005 2.991 9 2.5089 2.6507 2.6828 
C6 6.3846 5.4527 3.3978 3.6525 3.1930 
C4 = 0.4617 0.4555 0.4329 0 .4290 0.4345 

, PARAFFIN/OLEFIN M RATIO 
C 3 23.3722 1 2.2638 l • 4624 l • 6976 0.6412 
C4 16.9506 l 0.4408 2.6902 2.8290 1.2355 

~ C5 14.8880 6.3466 2.3045 2.4648 1.I024 

l 

LIQ HC COLLECTION 
PHYS. APPEARANCE LT YG OIL LT YG OIL LT GR OIL YL GR OIL YL GR OIL 
DENSITY [0.925 0.853 0.786 O. 794 0.825 
N,REFRACTIVE INDEX 1.5142 l .5004 l .4766 1.4610 1.4651 

SIMULATED DISTILLATION 
I'0 WT% @ DEG F. ; 232 199 160 155 
16 265 233 196 193 

':50 i: 363 327 299 292 
84" ;i" 488  473 428 407 
90 Ii: 528 500 472 451 

:RANGE(I,6-84%) 223 240 232 214 

WT % @420 F 62.0 74.3 83.0 
,WT % @700 F 98.4 100.0 l 00.0 

158 
192 
288 
398 
437 

206 

86.0 ;. 87.9 
100,0 lO0,O 

-2"/- 



C 

TABLE 4E PROPYLENE(WITH H2) OPERATION 

RUN NO. -9972-01 t~ 

CATALYST LZ-IO5-6 #9939-01 50 CC 30.0 GM (33.16 GM AFTER THE'RUN) 
FEED C3H6/H2 @ 1/1 HOLE RATIO, 290 CC/MIN H2 FLOW, C3= FLOW 7 HR/D 

C3H6 MW= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F) 

RUN & SAHPLE NO. 9972-I-21 

C3H6 WHSV 1.8 
HRS ON STREAH5 ~75.5 
PRESSURE,PSIG 47 
TEMP. C 371 

FEED C3H6 CC 190.67 
HOURS FEEDING 3.0 
EFFLNT GAS LITER 80.0 

GMLIQ HYDROCARBON 29,44 
WT FR. LIQ HC/FEED .3025 

MATERIAL BALANCE WT % 85.39 
C3H6 CONVERSION % 96.77 
PRDT SELECTIVITY WT % 

CH4 O. O137 
C2 HC'S --" O. 0000 
C3H8 16.280 9 

c. C4HI 0 ] 3. 6646 
C4H8= 7.8575 
C5H12 ,7.5489 
CS"H] 0= 5.391 3 
C6HI 4 3.9106 
C6H12= & CYCLOIS 1.5540 
C7+ IN GAS 6.7336 
LIQ HC'S 37.0448 

TOTAL 100.00 
SUBGROUPING 

C1 -C4 37.82 
C5 -42D F 57.70 
420-700 F 4.49 
C5 -END PT 62.18 

. °  

-28- 



ISO/NORMAL MOLE RATIO 
C¢ l ,  2401 
C5 2.1 048 
C6 2. 2465 
C4= 0. 5205 

PARAFFIN/OLEFIN M RATIO 
C3 4,6953 
C4 l .6787 
C5 1,3611 

• 'LIq HC COLLECTION 
• PHYS. APPEARANCE YL GR OIL 
DENS ITY O, 772 
N,REFRACTIVE INDEX 1.4617 

S II~IULATED D ISTILLAT ION 
lO WT% @ DEG F. 159 
16 192 
50 287 
84 406 
90 438 

RANGE(I 6-84%) 21 4 

WT % @420 F: 87,9 
WT % @700 F 100.0 

• - 2 9 -  



FIGURE 1 RUN 9972-I 

IDENTIFICATION OF 
PRESSURE & TEMPERATURE AT WHICH 
PRODUCT SAMPLES WERE TAKEN 

PSIG 

300 +l 

CATALYST: 

FEED: 

14,15 

LZ-105-6 

H2:C3H6 @I:I & 1 C3H6 WHSV 

L" 

16,17 

150 + 

75 + 

50 + 

1,2 3,4 S,6 7,8 
9,10,11 : 18,19 

12,13 :. 

"-: O0 + + + 

280 310 

TEMPERATURE 

20,21 

+ -F 

340 370 
I 

DEG C 

-30- 
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Run 9972-2 Feed 1:1:2 (H2:__CC3H6:_HH20) on LZ-105-6 

Mobil Oil in U.S. Patent 4,150,062 previously disclosed 
! 

the effect of steam on the propylene oligomerization activity of 

ZSM-5 in a fixed bed reactor. The conversion of propylene was 

stable with and without steam. The steam gave lower hot spots 

leading to a more favorable product distribution, less~coking of 

the catalyst and less C10 and Cll aromatics as a fraction of the 

total aromatics. 

The effect of steam on the propylene oligomerization activity 

of LZ-105-6 can.easily be seen by comparing the present £est, 9972-2, 

with one reported last quarter, 9710-13. The process conditions 

for 9972-2 were 150 psig, 410°C and 0.4 WHSV of C3H 6 with a H2: 

C3H6:H20 equal to 1:i:2. Tables 5A and 5B and Figure 13 show the 

results of this test. Table 5C and figure 14 repeats the results 

of test 9710-13, which had process conditions similar to 9972-5 

except that the propylene was fed at 1.0 WHSV with no co-fed water. 

The present test gave very constant operation with little 

change Zn either the conversion or product selectivity. This was 

not true for run 9710-13 which showed both decreasing conversion 

and changes in product distribution with time. To examine the 

effect of steam on product selectivity, the products of the present 

run should be compared to the initial products of 9710-13, that is 

before the effects of deactivation dominated the selectivity. The 

initial conversions were very similar at approximately 97%. The 

C 1 and C 2 selectivit~eswere slightly higher without steam. The 

sum ofthe propane c~d butane production, the pr6,d=vcts of hydride 

transfer to the olefins, was constant with and without steam but 

the~individual concentrations were ~ifferent. The C5+ selectiv- 

ities were also very close. The refractive indices of 9710-13-1 

and the samples from run 9972-2 are all close to 1.5. This fact 

along with the high propane and butane production again implies a 

highly aromatic liquid product. The distillation of the individual 

aromatic components can again easi]~y be seen in the simulated dis- 

tlllatlon plots. This is consistent with what was seen in the 
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previous run,: that aromatics are produced at the higher temperatures. 

The addition of steam to the reactor does not seem to significantly 

affect this aromatization process. The simulated distillation of : 

9972-2-2L or 6L (Figures 15A and 15B) looks like that of 9710-13-i:L ~ 

(Figure 16A). The major difference is at ~450~F and ~475°F where 

the distillation ~f individual compounds can clearly be seen in 

9710-13-IL and not in 9972-2-2L. This is consistent with the find- 

ings of Mobil where heavier compounds are decreased upon the addi- 

tion of steam. For run 9972-2 an average o~ 93% of the C5+ pro- 

ducts boiled in the gasoline range. The simulated ~istillation 

curve for the later sample in the run without steam (Figure 16B) 

clearly differs from the other three curves. 

When all the aspects of the samples are considered, the 

samples of 9972-2 are very m~ch iike 9710-13-1. It~can easily be 

seen that 9710-13-1 is much more like 9972-2-2 than like 9710-13-2. 

Unlike what Mobil found with ZSM-5, £he major effect of steam with 

LZ-105-6 fn the Berty reactor system is simply to look the catalyst 

into its initial reactivity and not allow deactivation. The slight 

changes in the product selectivities seem secondary effects.- 
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TABLE 5A PROPYLENE(WITH H2) OPERATION 

RUN NO. 
CATALYST 
FEED 
~ C3H6 MW= 42.0813 
TARGET FLOW: C3H6 34.3 CC/HR 

9972-2 
LZ-105-6 #9939-03 50 CC 35.0 GH (34.27 GM AF-TER THE RUN) 
H2:C3H6:H20 @ l : l : 2  MOLE RATIO,O.5 C3H6 WHSV,CDNTINOUS OVERNITE 

ACTUAL FLOW: 

RUN & SAMPLE NO. 

C3H6 WHSV 
HRS ON STRF.A~15 
PRESSURE,PSIG 
TEMP. C 

27.77 CCHR 

DENSITY= 0.51041 GM/CC (@ 73 F) 
H2 168 CCMN, I0.08 L/HR H20 15 CC/HR 
EFFLUENT I0.70 L/HR I0.63 CC/HR 

9972-2-1 9972-2-2 9972-2-3 9972-2-4 9972-2-5 

0.4 0.4 0.4 0,4 0.4 
7.5 24.5 29.5 47.5 53. 

~ 174 154 162 158 176 
4l 0 410 408 409 409 

213.95 487.67 132 .14  5 0 3 . 4  138.44 
7.5 16.83 5.17 18.0 5.5 

82.0 187.5 47,3 198.0 47.9 
73,59 176,58 50.10 182.02 57,73 
25.02 63,46 18.87 69.68 20.61 

,2291 .2549 .2798 .2712 .2917 

94.99 96.22 97.55 97.05 94.42 
97.90 96,00 96,97 97,03. 97,19 

O. 7609 O. 3632 O. 3466 O. 331 5 O. 3093 
2.2081 1 .4594 1.3206. 1.3695 1.2670 

30.7507 22.1348 "21 .OI~T 21.3033 19.4161 
25,4877 28, 4025 27,4300 28,3054 26. 3262 
I .2135 2.3285 2.0277 2. 0841 2.0393 
6.9660 9.7110 9.8116 I0.I027 9.7838 
0.0228 0.0533 0 .0408  0.0458 0 • 0467 
l .  l 132 I. 7058 l .  7949 l . 7990 I.  9180 
0. 2425 O • 4559 0 • 4736 O. 5002 0.5593 
5.8875 5.4898 4 .9319 5.0625 5.1790 

25. 3472 27. 8960 30 • 8052 29. 0959 33.1554 

FEED C3H6 CC 
HOURS FEEDING~ 
EFFLNT CV~S LITER 
GM AQUEOUS LAYER 
C@I LIQ HYDROCARBON 
WT FR. LIQ HC/FEF~.~ 

MATERIAL BALANCE WT % 
C3H6 CONVERSION % 
PRDT SELECTIVITY WT % 

CH4 
C2HC'S 
03H8 
C4H10 
C4H8= 
C5H12 
CSH1 O= 
C6HI4 
C6H12= & CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

TOTAL 
SUBGROUPING 

Cl -C4 
C5 -420 F 
420-700 F 
C5 -END PT 

l O0,O0 lO0 .00  lO0.O0 lO0 ,00  lO0.00 

60.4208 54.6884 52.1421 53.3939 49.3579 
34.3830 42.4941 44.0997 44.1912 47.1974 

5.1962 2.8175 3 .7582 2.4150 3.4447 
39.5792 45.3116 47.8579 46.6061 50.6421 
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ISO/NORMAL HOLE RATIO 
C4 2.0769 2,4555 2.3613 2.4110 2.3919 
C5 5,4191 5.6217 5.3059 5.6500 5.5687 
C6 ?.6082 7.6459 7.3716 7.7657 7.4144 
C4= 0.4614 0.4953 0.4677 0.4910 0.4850 

PARAFFIN/OLEFIN M RATIO 
C3 13.87D0 5.1500 
C4 20.2750 II.7749 
C5 297.3053 177.1607 

6.5519 6.8021 
13,0582 13.1106 

233.8688:214.3594 

6.5335 
12.4617 

203.8476 

LIQ HC COLLECTION 
PHYS. APPEARANCE OIL OIL OIL OIL OIL 
DENSITY 0.888 0.863 0.862 0.849 0.852 
N,REFRACTIVE INDEX 1.5114 1.4996 1.4957 1.4975 1.4906 

SIMULATED DISTILLATION 
l 0 WT % @ DEG F. 231 231 221 218 209 
16 236 235 233 234 233 
50 293 289 289 290 290 
"84 439 389 396 372 387~ 
90 475 430 435 405 425 

RANGE(I 6-84%) 203 1 54 163 138 1 54 

WT % @420 F 79.5 89.0 88.0 91.7 89.6 
WT % @700 F lO0.O lO0.O lO0.O lO0.O I00.0 
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TABLE 5B pROPYLENE{WITH H2) OPERATION 

RUN NO. 9972-2 
CATALYST LZ-105-6 #9939-01 50 CC 35,0 ~4 (34.27 GM AFTER THE RUN) 
FEED H2:C3H6:H20 @ I: I : '2 MOLE RATIO,O.5 C3H6 WHSV, CONTINOUS OVERNITE 

C3H6 MW= 42.0813 DENSITY= 0.5104i GM/CC (@ 73 F) 
TARGET FLOW: O3H6 34.3. CC/HR H2 168 CCMN, 10.08 L/HR H20 15 CC/HR 
ACTUAL FLOW: . 27.76 CCHR EFFLUENT 10.70 L/HR 10.63 CC/HR 

RUN & SAMPLE NO. 9972-2-6 9972-2-7 

C3H6 WHSV 0.4 O. 4 
HRS ON STREAM5 71.8 79.1 
PRESSURE, PS IG 168 1 68 
TEMP. C 410 409 

FEED C3H6 CC 516.62 223.37 
HOURS FEEDING 18.75 7.417 
EFFLNT GAS LITER 205.3 80.4 
GM AQUEOUS LAYER 194.21 75.49 
GM LIQ HYDROCARBON 75.98 30.74 
WT FR. LIQ HCIFEED .2953 .2696 

MATERIAL BALANCE WT % 109.24 
C3H6 CONVERSION % 
PRDT SELECT.IVITY WT % 

CH4 
C2 HC'S 
C3H8 
C4HI 0 
C4H8= 
CSH12 
CSH1 O= 
C6HI 4 
C6HI 2= & CYCLO ~S 
C7+ IN GAS 
LIQ HC'S 

TOTAL 
SUBGROUPING 

Cl -C4 
C5 -420 F 
420-700 F " 
C5-END PT. 

99.83 
96.47 96.39 

O. 2351 O. 2629 
1.1456 1.2075 

17.7434 18.8471 
30.3359 28.7799 

2.8610 2.7738 
13,1666 l l  .5828 

O. 0674 0 • 0600 
2. 2889 2.30S5 
0. 631'6 O. 6871 

' 3.8993 4.7166 
27 • 6253 28. 7768 

100. O0 100. O0 

52.3210 51.8712 
46. ] 596 46. 2583 

l • 5194 1 • 8705 
47 • 6790 48.1288 
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ISO/NORt.IAL HOLE RATIO 
C4 2. 2820 
C5 5. 5353 
C6 7. 5869 
C 4= 0. 4842 

PARAFFIN'~OLEF"IN H RATIO 
C3 , ! 4. 7488 
C4 l 0.2355 
C5 ' 189.8147 

LIQ HC COLLECTION 
PHYS. APPEARANCE OIL 
DENSITY 0.837 
N,REFRACTIVE INDEX I .4841 

SIMULATED D ISTILLATION 
IO WT% @ DEG F. 180 ; 
16 230 
50 287 
84 354 
90 385 

RANGED 6-84% ) 124 

2.3460 
4.9806 
6.7056 
O. 4699 

¢.9172 
I0.0159 

187.8043 

OIL 
0.840 
1 • 4920 

197 
234 
291 
358 
392 

!~24 
WT % @420 F 94.5 93.5 
WT % @700 F lO0. O I00.0 
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I'ABLE 5C PROPYLENE(WITH H2) OPERATION 

R UN NO. 
CATALYST 
FEED 

97.1o-13 
LZ-IO5-6 #9939-oi 43:CC 30.00 GM (34.05 GM AFTER THERUN) 
C3H6/H2 @ I / l  MOLE RATIO, 285 CC~41N H2 FLOW 
C3H6 MW= 42.0813 DENSITY = 0.51041 GM/CC (@73 F} 

RUN & SAMPLE NO. 9710-13-1 9710-13-2 9710-13-3 9710-13-4 9710-13-5 

C3H6 WHSV 
HRS ON STREJ~t45 
PRESSURE, PS IG 
TEMP. C 

FEED C3H6 CC 
HOURS FEEDING 
EFFLNT GAS LITER 
GM LIQ HYDROCARBON 
WT FR. LIQ HC/FEED 

MATERIAL BALANCE WT % 
C3H6 CONVERSION % 
PRDT SELECTIVITY WT % 

CH4 
C2 HC'S 
C3H8 
C4HI 0 
C4H8= 
CBHI 2 
C 5H1 O= 
C6H14 = 

C6HI2= 
C7+ IN G~.S 
LIO 

l .0 l .0 
6.5 23.5 

149 149 
410 410 

393.3 1076.0 
6,5 16.833 

174.9 456.l 
33.42 129.66 

• 1665 .2361 

86.78 79.47 
97.23 90.51 

2.95.46 I .  6485 
6.7002 3.3402 

39.2707 ] 6.201 2 
16.6900 15.4444 
l .1912 7.1262 
4.2091 6.8590 
0.4215 3.8409 
l .1600 3.4388 
0.0624 l .7218 
7.3186 7. 4208 

20.0216 32. 9683 

1.0 1 .O : l  .0 
30.5 49.3 55.6 
149 149 149 
410 410 410 

440.8 1 0 7 1 . 6  394.46 
7.1 67 16. 833 ' 6.60 

197.2 488.89 202.60 
70 • 38 146.32 33.20 

.3128 • 2675 .I 649 

91.58 89.54 94.07 
86.69 72.82 55.63 

l .5167 1.6234 l .5844 
2. 9545 2. 6541 3. 4606 

I0.9699 6 .3160  6.6522 
l O. 4359 2.8838 l .9024 
I0.2218 14.5296 16.3015 
5.2173 1.6728 ,I 1.0093 
5 • 8190 8 • 8444 9 • 6614 
3.2288 2 .6794  3.641 3 
l .9208 5 .2912  9,5745 
7.8250 12.2993 14.3439 

39.8~i 5 41 . 2062 31 • 685 

TOTAL 
SUBGROUPING 

C1 -C4 
C5 -420 F 
420-700 F 
C5-END PT 

100, O0 100. O0 l 00. O0 100. O0 100. O0 

66.81 43.76 36.10 28.01 29.90 
26.37 49.8l 59.59 69.1] 68.51 
6.83 6.43 4.31 2.88 1.59 

33.19 56.24 63.90 71.99 70 .l 0 

% 

% 
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ISO/NORMAL MOLE RATIO 
C4 l .I081 l .5723 l .6006 I .3520 1.1954 
C5 3.0558 2.5625 2.3316 1.9811 1.761 5 
C6 6.5961 3.5364 2.6188 1.2322 ~ 1.2927 
C4= O, 4641 0 • 411 ~3 O. 4069 0. 3560 0 • 3379 

PARAFFIN/OLEFIN:M RATIO 
C3 13.4417 
C4 13.5250 
C5 9.7059 ~ 

LIQ HC COLLECTION 
PHYSIGAE,~APPEARANCE OIL 
DENSITY 0.904 
N.REFRACTIVE INDEX 1.5358 

S IMULATED D ISTILLATtON 
I0 WT% @ DEG F. 235 191 
16 . . . . . . .  ~=:~238 . . . . . . . .  231 
50 335 317 
84 481 441 
90 499 480 

RANGE(16-84%) 243 ¢ :,210 

1.4833 0.6843 
2.o921 0.9855 
1L73   . . . .  -C.8716 

OIL :i, 
0.843 
l .4972 

O'rL 
0.789 
1 • 4646 li 

:160 
192 

286 
391 
427 

199 

89.2 
100.0  

WT % @420 F 
WT % @700 F 

65.9 80.5 
I00.0 : 100.0 

0 • 1621 
0.1916 
O. 1838 

OIL 
0.763 
] .4485 

158 
178 
266 
365 
397 

187 

93 .0  
I00.0 " 

0.0801 
0.I127 
0.1015 

OIL 
0.735 
1.4340 

160 
181 
26! 
350 
381 

169 

95.0 
lO0.O 
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Run 9972-3, 9972-4, Feed H2:C2H6: Steam on UCC-101 

In these two runs, the catalyst UCC-101 was used with 

hydrogen-propylene feed plus co-fed steam. The pressure levels 

were similar, but the temperatures were different: 408°C for 

Run 997.2-3 and 280 ° and 340°C for Run 9972-4.. The detailed~results 

are tabulated in Tables 6, 7A and 7B, and'the conversions and 

selectivities are plotted in Figures 17 and 18. The catalyst still 

deactivated with time on stream, though the presence of steam sta- 

• bilized the catalyst to some extent and helped to slow down the 

deactivation rate compared to tests reported last quarter (tests 

9710-14, 16 and 17) particularly at high temperature. The initial 

conversion level increased with temperature as expected (Figure 19), 

but was much lower than that of LZ-105-6 at corres.ponding tempera-. 

tures. The conversions~ are ll%, 23% and ~40% and C5+ selectivities 

are 55%, 47% and 44% for the respective temperatures of 278, 338 

and 408°C. ~ The simulated boiling point distribution plots (Figures 

20 to 24) have a smoother appearance than those with LZ-105-6 as 

the catalyst. 

The high propane selectivity for all the samples and the 

1.52 refractive index for the one sample measured implies an aro- 

matic product. The smooth distillation plots show no signs of 

toluene and little sign of the other aromatics which were so easily 

seen in the distillation of samples from previous runs. The dis- 

tillation data also shows that the condensed liquid collected from 

these runs is much higher boiling than that from the previous runs 

with LZ-105-6 as the catalyst. This heavier product is less marked 

when the entire C5+ product is considered, peactivation of the 

catalyst seems to increase selectivity to ga~ phase hydrocarbons 

at the expense of the condensed liquid. Sample 2 of 9972-3 (408°C) 

had half of the C5+ as condensed liquid, while by sample 5 the 

condensed liquid amounted to less than a tenth of the total C5+. 
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TABLE 6 PROPYLENE(WITH H2) OPERATION 

RUN NO. 9972-3: 
CATALYST UCC-IOI #9939-27 60 CC 35.0 ~I (44.3 GM AFTER THE RUN,.+9.3 GM) 
FEED o H2:C3H6:H20 @ 1:1:2 MOLE RATIO,O.5 C3H6 WHSV, CONTINOUS OVERNITE 

C3H6 MW= 42.0813 
TARGET FLOW: C3H6 34.3 CC/HR 
ACTUAL FLOW: 28.92 CCHR 

RUN & SAMPLE NO. 9972-3-1 
i 

DENSITY= 0.51041 GM/CC (@ 73 F )  
H2 168 CCMN, I0.08 L/HR H20 15 CC/HR 
EFFLUENT 17.13 L/HR 10.42 CC/HR 

9972-3-2 9972-3-3 9972-3-4 9972-3-5 
m - -  N ~  

C3H6 WHSV 0.4 
HRS ON STREAM5 4.1667 
PRESSURE,PSIG 172 
TEMP. C 408 

0.4 0.4 0.4 ' 0.4 
7 • 6667 25.1 667 31.9167 48. 5833 

178  179 178 179 
408 408 409 408 

FEED C3H6 CC 132.14 
HOURS FEEDING n 4.1667 
EFFLNT GAS LITFR 64.60 
GM AQUEOUS LAY:;}R 0.0 
GM LIQ HYDROC#,k'BON 0.0 
RT FR. LIQ HC!!FEED .0000 

MATERIAL BALANCE WT % 69.13 
C3H6 CONVERSION % 50.37 
PRDT SELECTIVITY WT % 

CH4 I .  2558 
C2 HC'S 1.9387 
C 3H8 62.9995 
C4H10 4.5238 
C 4H8= 7.1352 
C5H12 2.5906 
C5H1 O= O, 2053 
C6HI 4 4.9462 
C6HI2= & CYCLO'S 4.6688 
C7+ IN GAS 9.7360 
LZQ HC'S 0.0000 

TOTAL l O0. O0 
SUBGROUPING 

C1 -C4 77.8630 
C5 -420 F 22.1470 
420-700 F 0. O00O 
C5 -END PT 22.1470 

99.423 523.54 ]65.49 484.53 
3.50 17.50 . 6.75 16.6667 

57.30 302 .10  114.40 294.00 
72.37 175.12 67.37 167.36 
3.51 l .40 0.29 0.13 

• 0692 .0052 .0034 .0005 

96.42 84.12 I02.30 86.81 
31.06 9.47 : 7.86 5.16 

.:0.8444 1.3219 1.4112 1.6555 
l • 5031 2. 3223 2. 6226 3.81 95 

47. 4961 62. 3689 62. 2339 63. 0845 
l .l Ol 0 l • 2465 2. 6253 4. 201 7 
4.4865 3 .7899 5.6893 7.1939 
0.6025 0 .6040 0.6929 0.8256 
0.1618 0.1890 0.2343 0.3750 
3.0185 3 .5826 3.7124 4.2668 
7.9676 9.6325 8.5573 7.8029 
8.6442 8.4847 7.9335 6.6254 

24. ] 844 14. l 61 OE 4,2874E 1 • 1490E 

]00.00 lO0.O0 I00.00 . I00.00 

55.4312 71.0495 74.5822 78.9552 
33.9277 23.8295 23.5314 20.5392 
9. 6979 4. 3266 ] • 7192 O. 4608 

44.5688 28.9505 25.4178 21.0448 

,.'- 
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ISO/NOR~IAL MOLE RATIO 
C4 2.0584 
C5 2.91 O7 
C6 , 3.7536 

-~, C4= : ..... :~ O. 4142 

PARAFFIN/OLEFIN M RATIO 
C 3 0.6321 
C4 O.6120 
C5 12. 2640 

LIQ HC COLLECTION :: 
PHYS. APPEARANCE 
DENSITY 
N,REFRACTIVE INDEX . 

SIMULATED DISTILLATIDN 
IO WT % @"DEB F. 
16 
SO 
84 
90: 

0 
0 
0 
0 
0 

RANGE(16-84%) 

WT % @420 F 
WT % @700 F 

0 
O 

o. 

1.1355 
1.0894 
2;0800 
0.4460 

0.2098 
0.2369 
3.6197 

OIL 
0.879 
1.51 71 

295 
325 
407 
564 
604 

239 

56 
96.1 

0.3955 
0.4038 
1.7256 
0.4075 

0.0644 
0.3175 
3.1064 

386 
408 
511 
659 
729 

251 

20~7 
87.6 

O. 1466 
O. 4839 
1.8657 
O. 3768 

t ;  

0 o 0524 
O. 4454 
2.8750 

0 
0 
0 
0 
0 

0.0833 
0.2442 
1.4759 
0;3553 

0.0340 
0.5638 
2.1400 

0 
0 
0 
0 
0 
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TABLE 7A PROPYLENE{WITH H2) OPERATION 

RUN NO. 9972-4 , : ,  

CATALYST UCC-IOI #9939;27 60 CC 35.0 GMI~(,37.11GM AFTER THE RUN, +2.1 GM) 
FEED H2:C3H6:H20 @'l :l :3 MOLE RAI!--ID'~()~.5 C3H6 WHSV, CDNTINOUS OV;ERNITE 

C3H6 ,MW= 42.0813 DENSI13'= 0.51041 GM/CC (@ 73 F) 
TARGET FLOW: C3H6 34.3 CC/HR H2 168 CCMN, I0.II L/HR H20 22.5 CC/HR 
ACTUAL FLOW: 29.8 CCHR EFFLUENT 14.99 L/HR 24.67 CC/HR 

RUN & S~IPLE NO;---- 9972-4-I 9972-4-2 9972-4-3 9972-4-4 9972-4-5 

C3116 WHSV O. 4 0.4 0.4 
HRS ON STREAM 7.8 23.8 28.1 
PRESSURE,PSIG 150 154 156 
TEMP. C 278 278 278 

FEED C3H6 CC 215.84 4,88.93 125.85 
HOURS FEED ING ,;,:7; 75 ] 6. O0 4.25 
EFFLNT GAS LITER I08,70 244.40 63 80 
GM AQUEOUS LAYER 187,46 390.30 1 04.88 
EM LIQ HYDROCARBON 0.0 1.43 0.00 

..... WT FR. LIQ HC/FEED 0 . 0 0 0  0,0057 9":'0.000 
• . . .  - ,  _ - : . - . . . .  

• . . .  

MATERIAL BALANCE WT % 85;[)? 83.96 88.49 
C3H6 CONVERSION % 10.99 7.14 6.51 
PRDT SELECTIVITY WT % 

CH4 O. 0453 0.0837E 0.0925 
C2 HC'S . 0.1854 0. I178E 0.1303 
C3H8 34.9861 35,4022E 39.1 240 
C4HI 0 3.6021 2.2243E 2:. 4581 

' C4H8= 5.9033 l O. 0413E I I, 0969 
CBHI 2 2.9608 l .  3998E I, 5470 
CSHI O= O. 2288 O. 1971E O. 2178 
~6HI 4 15.2585 8.4234E 9.3089 
C6H12= & CYCLO'S 7.9238 9.6847E 10.7028 
C7+ IN GAS 28.9061 22.9128E 25.3217 
LIQ HC'S 0.0000 9.5128E,, 0.0000 

-0.4 0.4 
31.2 48,1 
157 1 60 
340 338 

~d6.21 521 :. 03 
"3.17 16.92 
45.80 258.30 
77.11 412.63 
1.12 2,0O 

o. 0255 'b. 0075 

97.09 83.91 
22.76 ,;l I .81 

O. 221 0 O, 1835 
0.3156 0.2482 

37.1714 38.9291 
4,9234; 3.6059 

l O, 2263 13. 2319 
2 • 9490 O. 7180 
0. 2526 0. 3462 
7.3512 3.7970 
6,2292 1 2. 0398 

18.1121 19,3498 
12,2182 7.5507 

TOTAL 100. O0 1 O0. O0 100. O0 1 O0. O0 100, O0 
SUBGROUPING 

Cl -C4 44.7221 47.8693E 52.9018 52.8577 56.1986 
C5 -420 F 55.2779 47.8499E 47.0982 41.8274 39.8977 
420-700 F O. 0000 3.9954E O. 0000 4.8751 3,6243 
C5 -END PT 55.2779 52.1 307E 47.0982 47.1423 43.8014 
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ISO/NORMAL MOLE RATIO 
C4 5.8252 
C5 . . . . . .  
C6 18.4058 
C4= 0.5287 

# m ~  

m i r a  

m m m  

m m m  

PARAFFIN/OLEFIN M RATIO 
C3 O. 0422 O. 0265 
C4 ,,~, O. 5890 O. 2138 
C5 12.5811 6.9048 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENS I TY 
N,REFRACTIVE INDEX . 

S IMULATED D ISTILIJ, TION 
lO WT % @ DEG F. 0 
16 0 
50 0 

\_84 o 
L~O 0 

RANGE (l 6-84%) 0 

OIL 

l 

291 
330 
409 
508 
556 

178 

W,T % @420 F 0 55.0 
• WT % @700 F 0 97.0 

l .7902 
l O. 6000 

7.30l l 
O. 4669 

O. 0265 
0.2138 
6.9048 

0 
0 
0 
0 
0 

, ;  

0 

0.~ 
0 

2.2263 
S.9028 
6.8580 
O. 4643 

O. 1 070 
O. 4647 

10.1429 

OIL 

275 
290 
405 
531: 
592 

241 

56.5 
96.4 

O. 3878 
0.0973 
l .8226 
O. 448O 

k~ 

O. 0508 
O. 2631 
2.0163 

OIL 

3O3 
335 
425 
555 
609 

220 

48.3 
96.3 
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TABLE 7B PROPYLENE(WITH H2) OPERATION - 
: 

RUN NO. 9972-4 
CATALYST UCC-IO1 #9939-27 60 CC 35.0 GM (37.11GM AFTER THE RUN, +2.1GM) 
FEED H2:C3H6:H20 @ l : l : 3  MOLE RATIO,O.5 C3H6 WHSV,CONTINOUS OVERNITE 

C3H6 MW= 42.0813 
TARGET FLOW: C3H6 34.3"CC/HR CC/HR 
ACTUAL FLOW: 29.8 CC/HR CC/HR 

RUN & SAMPLE NO. 9972-4-6 

C3H6 WHSV 0.4 
HRS ON STREAM5 55.0 
PRESSURE, PSIG 155 
TEMP. C 338 

FEED C3H6 CC 
HOURS FEEDING 
EFFLNT GAS LITER 
GM AQUEOUS LAYER 
GM LIQ HYDROCARBON 
WT FR. LIQ HC/FEED 

201.36 
6.92 

103.50 
1 67.84 

O. 790 
O. 0020 

MATERIAL BALANCE WT % 
C3H6 CONVERSION % 
PRDT SELECTIVITY WT % 

CH4 ~' 
C2 HCIS 
C3H8 
C4HI 0 
C4H8= 
CSHI 2 
CSHI O= 
C6HI 4 
C6HI2= & CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

87.55 
9:.81 

O. 1 694 
0.4297 

39.4476 
3.1567 

1 O. 9984 
0.8183 
O. 3326 
3.7366 

1 3. 4696 
18.3737 

9.0675 

TOTAL 
SUBGROUPING 

Cl -C4 
C5 -420 F 
420-700 F 
C5 -END PT 

108. O0 

54.2018 
41.7179 
3.8083 

45.7982 

DENSITY= 0.51041 GM/CC (@ 73 F)  
H2 168 CCMN, 10.08 L/HR H20 22.5 
EFFLUENT 14.89 L/HR " 24.7 
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ISO/NORMAL HOLE RATIO 
C4 O. 33'2l 
C5 l .3918 
C6 1.463 9 
C4= O. 4805 

PARA'FFIN/OLEFIN N RATIO 
C 3 0.0419 
C4 0.2771 
C5 2.3918 

• LIQ HC COLLECTION 
PHYS.- APPEARANCE 0 IL 
DENS ITY 
N,REFRACTIVE INDEX . 

S IMULATED D ISTILLATIO N 
IOWT~; @ DE~ F. 
16 0 
50 0 
84 O" 
90 0 

RANGE (16-84%) 

WT % @420 F 
WT % @700 F 

0 
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Run 9972-5, Feed 2:l:l (H2:_~C3H6:_~H20) on AiP04-11 , 

A new class of aluminophosphate molecular sieves has 

been discovered by Union Carbide scientists (U.S. Patent No. 

4,310,440). One member of this class, AIPO4-11, was tested 

and showed almost no activity for~propylene conversion at 280 

and 340°C and pressures of 150-300 psig. AIP04-11 is an inter- 

mediate pore size (~6A) molecular sieve. Th~,~results are reported 

in Table 8. The small amount of converted products present in 

¢ ~% at 337°C of propane and C 6 hydro- the react eff~j.ent (up to 

carbons) is attributed to the (20% by weight) alumina binder 

used in making the catalyst tablets. This asUsynthesized alumino- 

phosphate molecular sieve had perfect charge balance in the crystal 

structure, and no ion exchange capacity. This implies it should 

show no catalytic activity with~'respect to propylene, but does not 

rule out its use as a shape-selective component in synqas operat$on. 
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TABLE 8 PROPYLENE(WITH H2) OPERATION 

RUN NO. 9972-6 
CATALYST ALPO-ll (20% AL203) #9939-67, 63 CC 30 GM,30.OSG AFTER THE RUN 
FEED H2:C3H6:H20 @ 2: l : l  MOLE RATIO,0.5 C3H6 WHSV,DAY-TIME FEED 

C3H6 MW= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F) 
TARGET FLOW: C3H6 29.4 CC/HR H2 290 CCMN, 17.4 L/HR H20 6.4 CC/HR 
ACTUAL FLOW: 29.I CCHR EFFLUENT 22.55 L/HR 6.0 CC/HR 

RUN & SAMPLE NO. 
b 

C3H6 WIISV : 
HRS ON STREAM5 
PRESSURE,PSIG 
TEMP. C 

FEED ~'~6 CC 
HOURS FEEDING 
EFFLNT GAS LITER 
GM AQUEOUS LAYER 
GM LIQ HYDROCARBON 
WT FR. LIQHC/FEEO 

9972-5-1 9972-5-2 9972-5-3 9972-5-4 9972-5-5 

0.4 0.5 0.5 0.5 0.5 
7.0 24.6 32.0 38.8 46.4 
1 50 148 149 304 301 
278 278 339 337 336 

182.48 534.87 207.66 218.35 203.88 
7.0 17.6 7.4 6.8 7.5 

159.3 409.0 168.6 145.5 162.3 
32.2 92,86 39.67 37.55 40.51 
0.0 0.0 :" 0.0 0,0 0.0 

0. 000 0.000 O. 000 0. 000 O. 000 

MATERIAL BALANCE WT % 
C3H6 CONVERSION % 
PRDT SELECTIVITY WT % 

CH4 
C2 HC'S 
C3H8 
C4HIO 
C4H8= 
C5HI2 
C5HIO= 
C6HI4 
C6H12= & CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

97.30 84.55 86.29 83.46 86.91 
3.80 0.91 5.48 6.75 6.87 

O. 470 7 2. 2457 O. 0000 O. 3702 O. 0000 
O. 0000 0.0000 0. 0000 O, 1 877 0. 0000 

72.9831 O. 0000 27. 0770 1 8,7602 1 5.01 55 
5.3347 12.7855 0.0000 3.0310 0.8574 
2.6909 10.3224 0 .0000 9.2956 0.4543 
ooooo ooooo ooooo (i 
O. 0000 O. 0000 O. 0000 ' 1 02 O. 0000 
1.6208 7.1690 0.0000 ~ 7.8285 6.5284 

I I  .6183 45.1719 54.0272 34"; Ol 15 48.9986 
5.2815 22.3054 18.8958 24.9170 27.4336 
O. 0000 O. 0000 0.0000 O. 0000 O. 0000 

TOTAL 
SUBGROUPING 

Cl -C4 
C5 -420 F 
420-700 F 
C5 -END PT 

I00.00 I00.00 I00.00 I00.0 I00.00 

81.4794 35.3536 27.0770 31.6449 16.3272 
1.8.5206 74.6464 ~72.9230 68.3551 83.6728 

,~O~bO00 0.0000 0.0000 0.0000 0.0000 
48.5206 74.6464 72.9230 68.3551 83.6728 

-72- 

~ L 



ISO/NORMAL MOLE RATIO 
C4 2.27B2 0.6871 
C5 . . . . . . . . . . . .  
C6 0.5152 0.5522 
C4= 0.5255 0.4739 

PARAFFIN/OLEFIN M RATIO 
C3 0.0286 

,,C4 1.9137 
C5 

0.0000 
0.0000 

O. O152 

0.0684 
0.4384 
0.9392 
0.4861 

O. O131 
O. 3148 

13.1250 

0.2430 
0.3284 
1.0449 
0.0000 

O. Ol 07 
l • 8219 
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Run 9972-6, 9972-7 on UCC-104 

~These two runs were made on UCC-104 catalyst with hydrogen U 

propylene feed, with and without steam. The feed composition and 

other operating variables are tabulated below: 

:--C3 6 • WESV PS G T m, °C 

9972-6 l:l:0 025 150 280, 340°C 

9972-7 2:l:l 0.5 150 280, 340°C 

The details df the:results are reported in Tables @ to ll and 

summarized in Figures 25 to 27. 

The results of the propylene oligomerization reaction of 

runs 9972-6 and 7, using UCC-104 as the catalyst are shown in 

Figures 25 and 26 respectively. Without steam, the catalyst shows 

good initial conversions; 70% at 280°C and 96% at 340°C. The 

presence of steam lessons the deactivation rate but ilso lessens 

the initial rate of conversion being only 43% at 2800C and 60% at 

3400C. The lower conversion rate could be due to the steam moder- 

ating the acidity of the catalyst or it could be due to the higher ~ 

total feed rate, thus lower residence time of the run. ~Run 9972-7 
'% 

was operated at twice the real space velocity of run 9972-6. This 

effect on conversion was not seen in the cases of LZ~105-6 or UCC- 

101. • in the case of ~ UCC-101, the faster deactivation rates may 

have hidden the effect. 

The UCC-104 produces only negligible amounts of C l, C 2, C 4 

and C 5 hydrocarbon products. These a~e the products of cracking 

reactions. The catalyst also shows low selectivity to propane. 

The total selectivity CI-C 4 products averages only 10%. The to 

addition of steam has little effect on the C I, C2, C3H8, C 4 and 

C 5 product selectivities, although the sum of these products is 

even less (9% at 280°C and 5% at 340°C). The heavier products, 

which are the great majority of=the hydrocarbon inside the reactor, 

are affected by the steam and temperature changes. Simulated 

distillation data are presented in Figure 27 comparing UCC-104 with 

LZ-105-6 and UCC-101. 
t, 
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TABLE 9A PROPYLENE(WITH H2) OPERATION 
{ 

RUN NO. 9972-6 
CATALYST UCC-I04 #9939-74 58 CC 35.0 GM (35.1 GM AFTER THE RUN, +O.l GM) 
FEED H2:C3HG:H20 @ I :I :0 HOLE RATIO,O.5 C3H6 WHSV,CONTINOUS OVERNIIE 

C3H6 MW= 42.0873 DENSITY= 0.51041 GM/CC (@ 73 F) 
TARGET FLOW: C3H6 34.3 CC/HR H2 151 CCMN, 9.06 L/HR(NOTE: H2 MASS FLOW) 
ACTUAL Fiow: 29.6 CCHR EFFLUENT 9.20 L/HR( METER OFF ) 

RUN & SAMPLE NO. 9972-6-I 9972-6-2 9972-6-3 9972-6-4 9972-6-5 

C3H6 WHSV 
HRS ON STREAM5 
PRESSURE,PSIG 
TEMP. C 

FEED C3H6 CC 
HOURS FEEDING 
EFFLNT GAS LITER 
GM AQUEOUS LAYER 
GM LIQ HYDROCARBON 
WT FR. LIQ HC/FEED 

MATERIAL BALANCE WT % 
C3H6 CONVERSION % 
PRDT SELECTIVITY WT % 

CH4 
C2 HC'S 
C3H8 
C4H10 
C4H8=' 
C5~{1 2 
CBH1 O= ( C6H14 ,:, 
C6HI2= & CYCLO'S 

~' C7+ IN GAS 
LIQ HC'S 

TOTAL 
SUBGROUPING 

C1 -C4 
C5 -420 F 
420-700 F 
C5 -END PT 

0.4 0.4 0.4 0.4 0.1 
7.1 24.9 30.3 48.9 53.5 
1 50 150 1 50 1 50 151 
280 280 280 341 340 

171.79 532.98 1 60.46 457.47 36.5 
7.2 17.8 5.7 16.6 4.5 

52.4 157.3 ~52.6 138.5 26.6 
0.0 0.0 0.0 0.0 0.0 

32.28 65.31 17.94 85 • 97 3.07 
0. 3681 O. 2401 O. 21 90 O. 3682 O. 164-8 

• CHANGING T 
98.37 85.35 95.81 53.86* 100.1 
71.64 61.85 58.56 96.12 86.25 

0.0055 0.0233 0.0331 0.0570 ~ 0.t624 
0.0131 0.0128 O.Oll9 0 .0818 0.2907 

10.7970 8.6405 8.5733 1.3926 11.5642 
0.4168 0.3198 0.4008 0.6145 2.631 6 
0.9287 1.0057 1.1858 0.9235 6.0197 
0.3429 0.1991 0.1919 0.6497 2.3623 
O. 0350 O. 0314 0.0334 O. 0530 O.1989 
4.4915 3.1704 3 .2983 3.4234 9.7053 

22. 7645 36. 8878 36. 0544 1 3. 5246 35. 3949 
6.1 001 3.6835 9 .5362 7.1864 12.1123 

54.1051 46. 0317 40. 6807 72. 0935 20.5578 

100.00: 100. O0 100. OO 100. O0 100. O0 

7 2.7 611 10. 0021 ] O. 2050 3. 0695 
84.9173 82.1265 84.9540 82.7281 

2.9217 7.6873 4.8410 1 2.8326 
87. 8389 89 • 9979 89. 7950 96 • 9305 

19.6685 
76.7955 

3.4948 
80.337 5 
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ISO/NORMAL MOLE RATIO 
C4 4.5111 1.3601 0.7807 3.1973 4.1134 
C5 13.7753 3.54.89 5.5301 4.1335 4.3052 
C6 '; 3. 5023 l • 6072 I. 4850 2.8733 3.3221 
C4= 0.7314 0 .6984 0.6417 0.5267 0.5336 

PARAFFIN/OLEFIN M RATIO 
C3 0.2636 0 .1342 0.I165 0.3292 0.7012 
C4 0.4332 0 .3069 0.3263 0.6423 0.5061 
C5 9.5290 6 .1735 5 .5876 II.9241 II.5426 

LIQ HC COLLECTION 
PHYS. APPEARANCE OIL CLEAR OIL CLEAR OIL CLEAR OIL YLW OIL YLW 
DENSITY 0.724 0.?28 0.710 0.720 0.742 
N,REFRACTIVE INDEX I .4169 1.4166 l .4164 l .4165 l .4277 

S IMULATED D ISTILLATION 
I0 WT% @ DEG F. •147 157 155 169 
16 156 1 60 169 177 
50 22 R 291;: 278 300 
84 362 433 397; 453 
90 392 485 447 521 

155 
159 

~' 282 
433 
499 

RANGE (l 6-8.4%) 106 273 238 276 ~ 274 

WT % @420 F 94.6 82.9 88.1 80.3 82.8 
WT % @700 F I00.0 99.6 I00.0 98.1 99,8 
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TABLE 96 PROPYLENE(WITH H2) OPERATION 

RUN NO. 9972-6 
CATALYST UCC-104 #9939-74 58 CC 36.0 ~ (35.1 GM AFTER THE RUN, +0.1 GM) 
FEED H2:C3H6:H20 @ l :I :0 MOLE RATIO,O.5 C3H6 WHSV, CONTINOUS OVERNITE 

C3H6 MW= 42.0813 DENSITY = 0.51041 GM/CC (@ 73 F) 
"~ARGET FLOW: C3H6 34.3 CC/HR H2 151 CCMN, 9,06 L/HR(NOTE: H2 MASS FLOW,,') 
ACTUAL FLOW:- - 29,6 CC/HR EFFLUENT 9.23 L/HR( - METER OFF )i' 

RUN & SAMPLE NO. 9972-6-6 9972-6-7 

C3H6 WHSV 0.5 0.6 
HRS ON STREAM5 72,3 79.0 
PRESSURE, PSIG 155 152 
TEMP. C 340 340 

FEED C3H6 CC 648.76 288.83 
HOURS FEEDING 18.8 7.0 
EFFLNT GAS LITER 197.6 89.1 
GM AQUEOUS I~AYER O. 0 O~ 0 
GM LIQ HYDROCARBON 101 .69 39.1 l 
WT FR. LIQ HC/FEEO 0.3071 0.2653 

\\ 
MATERIAL BALANCE WT % ~=o9"/.'90 96.72 
C3H6 CONVERSION % ; 63.60 59.77 
PRDT SELECTIVITY WT % 

C H4 , O, 0396 O. 0401 
C2 HCiS O. 0571 O.DB90 
C3H8 4.3172 4.4432 
C4HI 0 O. 431 0 O. 4564 
C4H8 = l .8769 l .91 06 
C5H12 0,3204 0.2821 
CSHIO= 0.0724 0.0726 
C6HI4 3.0862 3.1971 
C6HI2= & CYCLO'S 32.111B 30.9868 
C7+ IN GAS 8.9782 II.5794 
LIQ HC'S 48.7092 46.9727 

TOTAL 100. O0 100. O0 
S UB GROUP I NG 

C1 -C4 6.7218 6.9093 
• C5 -420 F 93.2782 91.7755 

420-700 F D.OOO0 I .3152 
C5 -END PT 93.2782 93.0907 
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ISO/NORMAL MOLE RATIO 
C4 ~ 1.1860 0.8344 
C5 Z.238~ 1.8SS3 
C6 1.0160 0.7396 
C4= 0.5779 0.5840 

c 

PARAFFIN/OLEFIN M RATIO 
C3 0. 0727 O. 0636 
C4 O. 2217 O. 2306 
C5 4.3019 3.7787 

LIQ HC COLLECTION 
PHYS. APPEARANCE OIL CLEAR OIL CLEAR 
DENSITY " 0.716 0.713 
N,REFRACTIVE INDEX 1.4132 l .4331 

S IMULATED D ISTILLATION 
10WT% @ DEGF, 146 150 
16 155 156 
50 168 173 
84 294 306 
90 305 368 

RANGE (I 6-84% ) 139 " 150 

WT % @420 F lO0 97.2 
WT % @700 F lO0 lO0 

• 4;" 
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TABL F lOA P~,ROPYLENE(WITH H2)~OPERATION '" 

RUN NO. 9972-7 ~! 
• CATALYST UCC-]04 #9',9.39-74 59 CC 35.0 GM (33.9 GM AFTER THE RUN,-I.I G~I) 
FEED H2:C3H6:H20 @ 2:1:1 MOLE RATIO,O.5 C3H6 WHSV,CONTINOUS OVERNITE 

C3H6 MW: 42;.0813 DENSITY= 0':61041 GM/CC (@ 73 F) • o 
TARGET FLOW: C3H6 34".'3 CC/HR H2 310 CCMN, 18.60 L/HR H20 7.6 CC/HR 
ACTUAL FLOW: 32.'5 CC/HR EFFLUENT ~:' 19.15 L/HR 7.15 CC/HR 

RUN & S~IPLE NO. 
,L 

C3H6 WHSV 
HRS ON STREA~J5 ~ 
PRESSURE,PSIG 
TEMP. - C 

FEED C3H6 CC 
HOURS FEEDING 
EFFLNT GAS L~TER ° 
GM AQUEOUS LAYER 
&M LIQ HYDROCARBON 
WT FR. LIQ HC/FEED 

MATERIAL BALANCE WT %0 
C3H6 CONVERSION % 
PRDT SELECTIVITY WT % 

CH4 
C2 HC'S 
C3H8 
C4H10 
C4H8~ 
C5HI 2 
C BHI O= 
C6HI 4 
C6H12= & CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

TOTAL 
SUBGROUPING 

Cl -C4 
C5 -420 F 
420-700 F' 
C5 -END PT 

9972-7-:1 997.2-7-2. §'972-7-3 9972-7-4 

0.5 0.5 , 0.5 
7.3 24.4 3 1 , 4  
150 149 '; 147 
277 276 ;i 276 

c,: 

229.68 560 .04  195.70 
7,4 17.1 '6.9 

135.0 326.3 133.8 
46.80 115.32 46.15 
lit. 31 16.30 4.87 

0 J0965 O. 0570 O. 0488 

96.39 91.47 108 • 66 
49.56 41.19 43.11 

O. 0321 O. 0312 O. 0305 
0.0144 0 .0133  0.0086 
9.9002 7.8514 6.0165 
0~2975 0.5607 0.0954 
0.9039 1.0424 O. 5315 
0.3234 0 .1898  0.0973 
O. 0361 O. 0299 0. 0271 
4 • 9220 4.1218 4 • 1261 

48.6190 56.5851 61.2512 
14. 3996 14. 3668 17 • 4462 
20.5518 15.2077 l 0.3698 

l 00.00, 1 00. O0 100. O0 
, o 

II.1481 9 . 4 9 8 9  6.682~ 
85. 6253 88. 4024 91 • 5962 

3.2266 2.0987 l .7214 
88.8519 ̀.~ 90.5011 93.3175 

0.5 
- 47.5r 

;"-] 42 
277 

p. * 

9972-7-5 

6.5 
,'i! 55.3 

146 
339 

565.70 242.89 
16.1 7.75 

321.1 141.9 
107.69 50.99 
10.30 23.42 

O. 0357 O. 1889 

87=.52 I05.78 
37 • 06 64.51 

o 

O. 0373 O. 0350 
0.0345. 0.091 6 
6,1979 3.8257 
0.5177 0.8287 
1 .I 562 2.8463 
0.1279 0.8844 
0.0298 0.I172 
4.6897 9.4567 

52.6780 34.5065 
23.4749 19.2499 
I l .  0566 28.1 579 

l O0. O0 l O0. O0 

7. 9437 7. 6275 
90.4753 ' 90.I199 

l • 58i O 2 • 2526 
92.0563 92.3725 



ISO/NORMAL MOLE RATIO 
C4 I, 4853 O. 2644 6 . 0000 l • O. 2031 2.0866 
C5 4.2235 4 .5263 3.4848 3 .3103 3.6684 
C6 l .  6207 l • 0549 l .293l l .1376 3.5866 
C4- 0,7431 0 .6352 0.7673 O.5520 0.5275 

PARAFFIN/OLEFIN M RATIO 
C3 " 0.0934 0.'0528 0.0437 0 .0350 0.0664 
C4 0.31 77 0.5192 :0.1733 0 .4322 0.2811 
C5 8.7059 6 .1765 3.4848 4 .1667 7.3361 

LIQ HC COLLECTION 
PHYS. APPEARANCE OIL YL GN OIL YL GN OIL YL GN OIL YL GN OIL YL GN 

DENSITY 0.732 0.738 0.754 0.723 0.729 
N,REFRACTIVE INDEX 1.4267 1.4274 1.4292 1.4310 1.4256 

SIMULATED DISTILLATION 
I0 WT % @ DEG F. 158 158 160 159 0 
16 163 163 172 164 0 
50 296 297 302 299 0 
84 418 407 424 409 0 
90 472 457 472 460 0 

RANGE{16-84%) 255 244 252 245 0 

WT % @420 F 84.3 86.2 83.4 85.7 92.0 
WT % @700 F lO0.O lO0.O lO0. O lO0.O lO0.O 
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TABLE IOB PROPYLENE(WITH H2) OPERATION 

RUN NO. 
CATALYST 
FEED 

TARGET FLOW: C3H6 34.3 CC/HR H2 310 CCMN, 18.60 L/HR 
ACTIJAL FLOW: 32.5 CC/HR EFFLUENT 19.15 L/HR 

9972-7 
UCC-I04 #9939-74 59 CC 35.0 GM (33.9 GM AFTER THE RUN, -l .1 GM) 
H2:C3H6:H20 @ 2:1:I MOLE RATIO,O.5 C3H6 WHSV, CONTINOUS OVERNITE 
C3H6 MW= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F) 

H20 7.50 CC/HR 
7 .l 5 CC/HR 

c 

RUN & SAMPLE NO. 9972-7-6' 9972-7-7 9972-7-8 

C3H6 WHSV 0.5 0.4 0.5 
HRS ON STREAM5 70.7 78.0 94.3 
PRESSURE,PSIG ': 155 155 153 
TEMP. C 337 337 337 

FEED C3H6 CC 508:44 
HOURS FEEDING : 15.3 
EFFLNT GAS LITER 303.9 
GM AQUEOUS LAYER 103.80 
GM LIQ HYDROCARBON 35.85 
WT FR. LIQ HC/FEED 0.1381 

MATERIAL BALANCE WT % 101.35E 
C3H6 CONVERSION % 64.10E 
PRDT SELECTIVITY WT % 

CH4 NO 
C2 HC'S GAS 
C3H8 SAM 
C4HI 0 PLE 
C4H8 . . . .  

CSHI 2 - - -  
CSHI O= - - -  
C6HI 4 - - -  
C6H12= & CYCLO'S - - -  
C7+ IN GAS ---  
LIQ HC'S -- -  

• *' t, 

TOTAL ---  
,,. S UB GROUP I NG ESTIMATED 
::: C1 -C4 4.2499E 
\. C5 -420 F 93.9678E 

420-700 F 1.7824E 
C5 -END PT 95.7501E 

198.22 547.45 
7.4 16.3 

146.1 328.8 ,, 
48.27 109.62 
] 4.28 29.68 

0.1411 0.1062 

123.39 123.42 
63.17 6 50.45 

0. 0000 0.0539 
O. 0000 0.0514 
2.6718 2.6813 
O.1980 O.1904 
l .5425 1.4552 
O.l 768 0.2437 
0.7216 0.0737 
5.6123 5.411,0 

52.4359 56.1453 
18.1686 16.5006 
18.4725 17.3626 

100.00 100. O0 

4.'-.4!~ !23 4. 4323 
94. Ol 75 94.1923 
1.5702 1.3755 

95,5877 95. 5677 
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ISO/NORMAL MOLE RATIO 
C4 - - -  
C5 - - -  
C6 - - -  
C4 . . . .  

l ~ m ~ m m  

~ i m m m ~  

1 • 7710 
0.6102 

3.3093 
1J9320 
1.4756 
0.5887 

PARAFFIN/OLEFIN M RATIO 
C3 - - -  0.0438 O. 0261 
C4 - - -  0.1239 0.1263 
C5 - - -  O, 2381 3.2164 

LIQ HC COLLECTION 
PHYS. APPEARANCE OIL YLW 
DENSITY 0.720 
N,REFRACTIVE INDEX 1.4286 

SIMULATED DISTILLATION 

OIL 'YLW 
0.710 
1.4302 

157 
160 
285 
387 
408 

227 

I0 WT% @ DEG F. 156 
16 159 
50 282 
84 : 384 
90 407 

RANGEl16-84%) 225 

WT% @420 F - 91.7 9 1 . 5  

WT % @700 F 100.0 100.0 

OIL YLW 
0.710 
1.4248 

m 
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TABLE 11 COMPARISON OF C3H6 OPERATION AT 340 C TEMPERATURE 
UCC-I04 VS LZ-I05-6 

RUN ---9972-1-- 
CATALYST --LZ-IOB-6- 
FEED H2:C3H6:W - - - I : I :O- - -  

SN,IPL~ S-5 S-6 
C3H6 WHSV l.O l.O 

'HOURS ON STRE/~M 17.5 21,0 
C3H6 LOAD'G G/G 17.5 21.0 
PS IG 143 l 45 
TEMP C 336 337 

MAT' L BAL CE,% 82.87 90.36~ 
C3H6 CONV,% 95.27 95.04 
SELECTIVITY 
C3H8 WT% I0.51 7.16 
C4HIO 16.02 12.11 

C1 -C4 WT % 
C5 -420 F 
¢20-700 F 
700-END PT 

C5+ WT % 

31.89 24.85 
60.51 57.17 

7.43 7.97 
0.17 0.00 

68.11 75.14 

. . . . .  9972~6 . . . . . .  

. . . . .  UCC-I04 . . . . .  

. . . . .  - l : l :O . . . . . .  

. . . . .  9972-7 . . . . . .  

. . . . .  UCC-I04 . . . . .  
2:I:I(WITH STEAM) 

S-5 S-6 S-7 S-5 S-7 S-8 
0.5 0.5 0.5 0.5 0.5 0.5 

53.5 72.3 79.0 55 78 94 
26.8 36.2 39.5 27.6 39 47 
151 155 155 146 155 153 
340 340 340 '339 337 337 

lO0.19 99.90 96.70 105.0 123.0 123.4 
86.25 63.60 59.77 54.4 53.1 50.4 

11.56 4,32 4.44 3.83 2.67 2.68 
2.53 0,43 0.46 0.83 0.20 0.19 

v.. 

19.67 6.72 5.'93 7.62 4.41 4.43 
76.80 97 "~ 91.78 90.12 94.0.2 94.19 

3.49 0.00 1.31 2.25 ].57 1.38 
0.04 0.00 0.00 0.00 0.00 0.00 

80.33 93.28 93.09 92.37 95.59 95.57 
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FIGURE 2 7  

BOILING POINT DISTRIBUTION OF 
THE LIQUID PRODUCT OF PROPYLENE 

OLIGOMERlZATION USING LZ105- 6, 
UCC 101 ,AND UCC 104 AS CATALYSTS. 
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!.7.105 - 6 104 UCC- 10i 
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SUMMARY OF THE PROPYLENE OPERATION 

LZ-105-6 is a verb good%catalyst for propylene-bligomer- 

ization. Its medium pore size heads to most of the C5+ product 

being in the gasoline range. Changes in ~eaction temperature 

and pressure have pronounced effects on the product selectivfty 

par~ticu!arly the composition of the liquid product Steam 

addition keeps the catalyst from deactivating at the condition 
o 

tested{ 410°Cc and has only a slight effect on the product 

selectivity. 

UCC-101 shows good initial conversion of propylene and 

reasonable C5+ yields. The~ condensed product has "a significant 

fraction in the diesel range, in contrast to that from LZ-105-6. 

The catalyst still deactivates even in the presence of steam. 

The increased stability with added steam is most evident at 

higher temperature. 

AIP04-11 (unmodified) is almost comp~lgtely inactive as a 

catalyst. 

UCC-104 is an excellent catalyst for propylene oligomer- 
G 

+ products, >95%, ization, it has very high selectivity to =5- 

with nearly all the C5+ in the gasoline range.:The propylene 

conversion and product selectivity are both affected by the 

addition of steam to the reaction. The good conversion and 

desirable selectivity make UCC-104 the best catalyst tested thus 

far in Task 1 and a promising candidate for Shape selective com- 

ponent in planned Task 2. ,~ 
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S~ngas Operation in.Berry Reactor 

As mentioned earlier, we made ten Fischer-Tropsch syngas 

runs during the quarter, using UCC-201 (an Fe-loaded UCCcI01) 

catalyst, UCC-202 ( a M n-Fe-loaded UCC-103) catalyst, a reference 
p 

potassium-promoted, iron-oxide F-T catalyst and an Fe-loaded 

LZ-Y52 catalyst. In this report, da~a from the first seven of 

these runs will be reported: 9710-18, 9710-19 and 10011-1 to 

10011-5. One of these (Run i0011-3] is with Mn-Fe-UCC-101 catalyst; 

all others are on Fe-loaded UCC-101 catalyst. In two of the runs 

(97]~0-19, 10011-2), enough oil was produced for characterization 

by simulated boiling point distribution. In the other runs, not 

enough liquid oil product was made for characterization. All of 

the low activity runs used catalyst from a particular preparation 

batch. Problems with preparation procedures or contamination 

probably caused the low activity. 

= Normally the reactor was loaded with 80 cc of catalyst with 
z 

weights varying from 39 to 63 grams. The catalys~ was usually 

precalcined in air at 250 or 500°C. Two different activation 

procedures were used: procedure A calls for"carburization first - 

. and hydrogenation later. Procedure B calls for hydrogenation 

first and carburization later. The catalyst is then brought into 

contact with feed gas. Unless otherwise indicated, the feed gas 

always contains 10% argon as inert carrier. The ~rgon will appear 

intact in both feed gas and reactor effluent gas and aids in 

'~ checking material balances. Two different feed gases were used: 

once with a 2/1 H2/CO ratio, designated "60/30/10" mixture (for 

H2/CO/Argon), the other with i/i H2/%O-'~atio,:idesignated "45/45/10" 

mixture. The feed gas flow was con~6rolled by a mass flow controller 

which works very well; one can li{erally dial a desired feed rate 

in cc/minute. The effluent gas was measured by a dry test meter 

and analyzed by on-line.G.C. : The'condensed product was collected 
{ ,. 

in a glass container; the aqueous layer and the o~ganic layer were 

separated and weighed. Selected samples of=~i~ueous layer were 
• 

submitted for chemical analysis for CH30H and total organic content. 

/ 
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A few aqueous samples showed 2-3% CH30H and 0.2-1.5% C2H5OH. 

These minor amounts of organic substanc e in the aqueous layer 

have been ignored in the material balance calculations. The 

organic layer was submitted for characterization by simulated 

distillation. The material balance analysis consists of a 

computation of the reaction output/input rihios of carbon, 

hydrogen and oxygen. A consistency ratio was also computed 

among the products from the reactor. For the Fischer-Tropsch 

reaction, it is definedl~by 

Consistency Ratio = 
g. atoms of CHx 
g. moles of (H20 + CO 2) 

If formation of alcohol is ignored, stoichiometry requires the 

consistency ratio to be 'I.0. Other parameters also computed 

are: ~: 

i. Usage ratio of H2/CO from the product: the ratio 

of the moles of H 2 to moles CO required to produce 

the products. 

2. Extent of water gas shift reaction (by c~en-~ating 

an experimental value of the composition ra~io 

corresponding to the shift equilibrium equation): 

= [co] -~H2o] 

On occasion when a gas sample may have leaked out of a 

sample bomb, or the G.C. analyzer malfunctioned, then the G.C. 

a~lysis of the closest sample was ~used to estimate conversions 

and selectivities; in such cases, the results have a letter E 

included in the tabulation. Because the Berry reactor is an 

internal recirculation reactor and operates at a steady state, 

surprisingly good material balances can still be obtained using 

these "second best" gas analysis data. 

Conversions of more than 20% were achieved in only three 

of the seven runs. Some of the problems with low activity are 

believed to be associated with the activation procedures. It is 
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though~ that some as yet unknown factor in preparation of the 
t 

c a t a l y s t b a t c h  u s e d  f o r  m o s t  o f  t h e  t e s t s  may be r e s p o n s i b l e  

for the low activity. ~' 

Run 9710-18 on UCC-201 (Fe on UCC-101) Catalyst 

: . This was the first run conducted An the Bay 1 Berty reactor 

/and therefore served as a shake-down run. There was reason to 

:expect the catalyst to perform reasonably well; however, the 

results were very poor, with only 5% conversion on 60/30/10 

(H2/CO/Argon) syngas at 250°C and 30'Q psig. The results are 

tabulated in Table 12. About 73-79% ~of the product was in the 

C1-C 4 light hydrocarbon range. The material balances consistency 
% 

ratio for both samples was very poor (.50 and .56). 
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TABLE 1 2 RESULT OF SYN GAS ()PERATION 

RUN NO. 
CATALYST 
FEED 

9710-18 ( INADEQUATE CO TREATMENT DURING ACTIVATION) 
UCC-'~OI #9673-IIC 80 CC 62.61GM ( . G AFTER,.THE RUN, 
H2:CO:ARGON OF 60/30/10 @ 580 CC/MIN OR 435 GHSV 

RUN & SAMPLE NO. 9710-I 8-I~ 9710-I 8-2 971~0-I 8-3 

FEED H2:CO:AR 60:30:10 60:30:I0 
HRS ON STREAM 24.7 48.2 
PRESSURE,PSIG 299 298 
TEMP. C 250 ~249 

FEED CC/MIN 580 
HOURS FEEDING 25.0 
EFFLNT GAS LITER 984.2 
GM AQUEOUS LAYER '~Q.O 
GM OIL 0.0 

580 
3.5 

142.2 
0.0 , 
0.0 

MATERIAL BALANCE 
~GM ATOM CARBON % 107.86 
GM ATOM HYDROGEN % 111.46 
GM ATOM OXYGEN % I l l .46  
RATIO CHX/(H20+C02) 0.5015 
RATIO X IN CHX 2.8415 
USAGE H2/CO PRODT 1.9423 

K EFFLT SHIFT xEACTN 0.1929 

110.47 
113.47 
113.71 
0.5594 
2.8062 
2.0083 
0.1591 

CONVERSION % 
ON CO .. 3.94 c . 4.21 
ON H2 5.28 • 5.55 
ON CO+H2 5.02 • 5.29 

PRDT SELECTIVITY,WT % 
CH4= 30.85 GAS 29.38 
C2 HC'S 23.26 SAM- 1 2.68 
C3H8 8.90 - PLE~ 9.05 
C3~6= 4.12 LEA- 10.49 
C4H10 7.38 KED 6.56 
C4H8= 4.23 . ¢.58 
CSHI 2 7.35 6.62 
CSHI O= 0. O0 ! .  32 
C6H14 6.44 . 6.69 
C6HI2= & CYCLO'S 0.00 0.00 
C7+ IN GAS 7.47 x • 12.64 
LIQ~HC'S 0.00 . 0.00 

TOTAL I00 
SUBGROUPING 

Cl -C4 78.74 
C5 -420F : 21.26 
420-700F 0.00 
700-END PT 0.00 
C5 -END PT 21.26 

1 00:' 

72.74 
27.26 
0.00 
0.00 

27.26 
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ISO/NORHAL MOL£ RATIO ,, 
C4 .5760 
C5 2.4348 
C6 4.0435 
C4= - - -  

PARAEFIN/OLEFIN M RATIO , 
C3 2.0592 

C4 1.6838 
C5 - - -  

.4222 
1.1972 
2.5676 

0.8231 
l .381 3 

• 4.8750 
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°, 0 

Run 9:710~19 on UCC-201 (Fe~UCC-101) Catalyst 

This catalyst started father .poorly. Aftir. it h~s gone 

: through an activa.tion procedure (pure. CO treatment at ambient 

to 27.0 C, 3 ps~g, 400 cc/min. 40 hrs. :and H 2 treatment at 270~C, 
. ~ ,, 

!3 psXg, 400 cc/iin. ~6.5 hours), the conversion on 60/30/i0 

~ (H~/CO/Argon) syngas was only q~8% at 250°C 300 psQg~' (Samples 1 

~and 2 of the run). The cat~.lyst was then subjected to a second 
"~ 'I. 

a~tivation of pure CQ treatment (~6 hours at 270°C 4 psig . , t 

400 cc/min, and 7 hours:at 300°C, 4~psig, 400 cc/min.:) and'H2 

treatment (2~ hours at 300°C, 4 psi~, 400'cc/min). The conversion 

on 60/30/10 syngas was dramatically improved to about 34% (on 

average) at 250°C, 300 psig (samples 3, 4, 5). The product 

selectivity ~lso changed following the second ictivation. The 

methane-make ~eclined) from 41% to 22%, while the C5~ fraction 

increased from 12% to 34% and the diesel fraction ~ncreased~from 

zero toe l0% ~lf%th~ same temperature level of 251~C an~:300 ,{ t;, -- :. 

psig. "The liquid hydrocarbon collection showed a boiling psini 

range of 399°i~638°F ' (range defined as temperature for 16-84 wtt%. 

.cut poiltsp o'r two-thirds of the liquid sainple 5) wi~h 50 .wtn% : 

: having distilled at 488°F. ,-~ 'e 
, o t ;  

~ When the temperature was raised to 284 ° ind 313°C, the 

conversions increased to 47% and 53% respectively (samples 6, 7, 

8 and 9, I0). At higher temperatures, although the conversion 
: n ¢ 

increased the C5+ ~product selectivity d4creased to 13% at 284°C 
'C 

and 6.5% at 313°C. = ~ 

At this point, the feed was switched from 60/30/10 (H2/C~/ 

AgSn) syngas to 45/45/10 syngas. At 313°C, the co~version in- 

:.creased from 52.5% to 69.5% and C5+ selectivity increased from 

6.'3% to 17% (samples l0 ind 14) The results are tabulated in 
Table 13 and the conversion selectivities and simulated distill~- 

tions are plotted in Figures 28 to 32. 

',7 
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; ,  TABLE 13A RESULT OF SYN GAS OPERATION 

RUN NO. 
CATALYST 
FEED 

971 0-I 9 ;, 
UCC'201 #9939-53 80 CC 43.5 GM (4,] .15 G AFTER T'H'~=RUN. -2.4 GM) 
H2:CO:ARGON OF 60/30/I0 & 45/45/I0 @ 580 CC/MN OR 435 GHSV 

RUN & SAMPLE NO. 

FEED H2:CO:AR 
HRS ON STREAM5 
PRESSURE,PStG 
TEMP. C 

FEED CC/MIN 
HOURS FEEDING 
EFFLNT GAS LITER 
GM AQUEOUS LAYER 
GM OIL 

MATERIAL BALANCE 
GM ATOM CARBON % 
GMATOM HYDROGEN % 
GM ATOM OXYGEN % 

.-9 

9710-I 9-I 9710-I 9-2 g71 O-I 9-3 9710-I 9-4 971 0-I g-B 

' 60:30:I0 
2.7 
296 
260 

580 
2 . 7  

96.1 
0.0 
0.0 

98.26 
98.38 

1 01.70 
RATIO CHX/(H20+C02) 0.5753 
RATIO X IN CHX 3.1780 
USAGE H2/CD PRODT 1.5722 

K EFFLT SHIFT REACTN 0.7145 

CONVERS ION ~; 
ON CO 6.gl 
ON H2 ; 6.80 
ON CO+H2 6.82 

PRDT SELECTIVITY,WT % 
CH4 43.22 
C2 HC'S 18.24 
C3H8 15.74 
C3H6= 0.00 
C4H10 8.89 
C4H8= 3.78 
C 5H12 4.38 
CBHI O= O. O0 
C 6H14 0. O0 
C6H12= & CYCLO'S 0.00 
C7+ IN GAS 5.75 
LIQ HC'S 0.00 

t "  
~J 

TOTAL 1 O0 
SUBGROUPING 

C1 -C4 89.87 
C5 -420F 10.13 
420-700F 0.00 
70D-END PT 0.00 
C5 -END PT 10.13 

60:30:10 
4.5 
304 
25O 

=580 
l .97 

74.9 
0.0 
0.0 

60:30:I0 60:30:I0 60:30:I0 
24.2 ~ 28.8 30.8 
322 298 298 
251 25] 252 

680 580 580 
19.67 4.92 1.92 

577.0 150.7 58.7 
30.43 0.0 10.95 
=1.77 0.0 0.66 

I07.04 lOl.19 I01.42 I09.61 
107.62 I00.71 94.01 131.06 
I08.89 104.58 87.65 157.33 
0.7926 0 .8991  1.9829 ? 0.4186 
3.0883 2,6402 2.6774 2.5370 
1.6427 1.4981 1.4221 1.7364 
0.8074 1.0043 3.8826 ? 0.2696 

8.97 

8.22 

40.09 36.15 39.54 
31.43 22.52 44.52 
33.17 25.42 43.66 

38.57 22.37 23.48 19.43 
17.32 13.29 13.99 l l  .35 
14,95 9.22 • 9.13 7.86 
2.79 8.42 ~ 8.94 7.92 
8 • 44 5 • 33 5.47 4 • 81 
3.91 9.19 g. Gg 8.80 
6.57 5.02 5.28 4.55 
0.00 l .49 l -67 1.49 
3.68 3.93 3.82 : 3.58 
0.00 l .47 2.13 1.36 
3.76 15.91 16.40 14.11 
0.00 4.35 0.00 14,74 

l 00" 1 O0 l O0 l O0 

85.98 67-~'2 70.71 60.16 
14.02 29.62 29.29 28.68 
0.00 2.55 0.00 1 0.45 
0.00 0.I0 0.00 0~71 

14.02 32.18 29.29 39.84 
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ISO/NORMAL MOLE RATIO° 
, C4 ' .1348 

C5 .5393 
C6 - - -  
C4= - - -  

PARAFFIN/OLEFIN M RATIO 
C3 - - -  
C4 2.2697 
CB - - -  

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENSITY 
N, REFRACT'IVE INDEX 
SIMULATE9 DISTILLATION 

lO W@ % @ DEG F - - -  
16 
5O 
84 
90 

RANGE(I 6-84 %) 

WT % @420 F 
NT % @700 F 

R i m  

M m - -  

._-L 
l ~, 

I M P , , ,  

.0948 

.1647 

.I 5O3 

5.1137 
2.0811 

w m i  

( 

° 

.0673 

.1331> 
~.2413 
.0788 

].0446 
0.5599 
3.2747 

OIL 
• ,~.. -" 

t. 

336 
350 
456 
596 
629 

246 

38.5 
97.4 

.0628 ,; 

.1241 '~ 
• 1 655 
.0776 

O. 9738 
O. 5488 

• 3.0780 

i l l  

~ ' ' T "  

• .  0594 ' 
.1219 
.1616 
.0799 

O. 9481 
0.5281 
2.9595 

OIL 

369 
399 
488 
638 
676 

= 

239 

,.. 24.7 
93.4 
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TABLE 13B RESULT OF SYN GAS~c{_.~OPERATION , 

RUN NO. 9710-19 
• ~ CATALYST UCC-201 #9939-53 80 CC 43.5 GM (41.15 G AFTER THE RUN, -2.4 GM). 

FEED H2:CO:ARGON OF 60/30/10 & 45/45/10 @ 580 CC/MN OR 435 GHSV 

RUN & SAMPLE NO. 971 O-1 9-6 9710-19-7 9710-1'9-8 9710-19-9 9710-19-10 
;?  --" 

FEED H2:CO:AR 60:30:10 60:30:I0 60:30:10 60:30:I0 60:30:10 
HRS ON STREAM 47.3 49.7 55.5 71.4 95.4 
P RESS URE, PS IG 295 ~297 297 294 294 
TEMP. C 284 284 284 312 313 

FEED CC/MIN 580 580 ~ 580 580 580 
HOURS FEEDING~ 16.5 2.42 5.83 16.0 23.92 
EFFLNT GAS LITER 462.5 68.8 168.4 443.4 629.7 
GMAQUEOUS LAYER 22.9 :0.0 11.13 o~ 17.09 14.07 
GM OIL " ~ 0'~9 0.0 0.0 0~0 0.57 

MATERIAL BALANCE 
GM ATOM CARBON % 1 05.1 2 
GM ATOM HYDROGEN % 107.75 
GM ATOM OXYGEN~¢ = 1 06.40 
RATIO CHX/(H20+C02) 0.9731 
RATIO X IN CHX 
USAGE H2/CO PRODT 

K EFFLT SHIFT REACTN 

CONVERSION % 
ON CO 
ON H2 
ON CO+H2 

PRDT SELECTIVITY,WT % 
CH4 
C2 HC'S 
C3H8 :: 
C3H6= 
C4HI 0 
C4H8= 
C5H12 
C5HI O= 
C6HI 4 
C6H12= & CYCLO'S 
C7+ IN:GAS .... 
LTQ HC'S -- 

:: TOTAL 
SUBGROUPING 

Cl -C4 
C5 -420F ,- 
420-700F 
700-END PT~ 
C5 -END PT 

3.0404 
l .  2511 
4.71 08 

I08.02 113.54 ".! I09.13 104.35 
I01.27 116.08 109.26 lOl .87 
93.77 I 1 6 . 3 0  109.88 ~I 99.54 

1.4521 ? 0.9486 0.9855 !ll .I 092 
3.0734 3. Ol 22 3 .3804 3.3731 
l .1485 l .3334 l .2093 l .1670 

20.1352? 3.2581 : 9.4233 13.6506 

69.03 67.15 67.50 77.95 77.99 
42.50 37.09 44.81 47.29 46.02 
47.70 43.42 49.27 63.41 52.54 

37.06 
18.16 
16.71 
3.39 
6.35 
4.06 
4.43 
0.31 
3.12 
0.54 
5.19 
1.68 

100 

84.74 
13.91 
I .  24: 
Odl 

15.26 

38.18 
18.62 
16.29 
3.33 
6.49 
4.00 
4.29 
0.26 
2.53 
0.43 
5.58 
0.00 

I00 

86.91 
13.09 
0.00 
0.00 

13.09 

34.24 54.82 54.59 
16.66 19.65 19.62 
14..83 12.70 12.57 
3.22 1.08 1.07 

15.65 4.41 4.36 
3.59 l .08 l .07 
4.02 ,~; 2.61 2.57 
0.25 0.04 0.07 
2.45 1.37 I .  42 
0.39 0.08 0.07 
4.70 2.15 1.92 

~0.00 0.00 0.68 

l O0 1 O0 l O0 

88. ] 9 93.74 93.28 
II .81 6.26 ;6.30 
:0.00 0.00 0.37 
0.00 0.00 0.06 

II .81 6.26 6.72 
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ISO/NORMAL MOLE RATIO 
C4 .I092 
C5 ~ .2513 
C6 ~ .4509 
C4= .1087 

PARAFFIN/OLEFIN M RATIO 
C3 4.4233 
C4' 1.5093 
C5" 14.0488 

LIQ HC'COLLECTION 
PHYS. APPEARANCE, CLEAR OIL 
DENSITY 
N, REFRACTIVE INDEX 
SIMULATED DISTILLATION 

10 WT% @ DEG F 395 
16 412 
50 512 
84 656 
90 694 

RANGEil 6-84 %) 244 

WT % @420 F":: r,l 9.5 
WT % @700 F "91.1:, 

.I062 

.2466 

.4283 

.I060 

4.6674 
1.5671 

15.9029 

D 

u 

m 

• 0391 • i 687 • 1 719 
.2568 .6134 - • 61 94 
• 4741 I.I~02 1.3117 
.I018 .0784 .0807 

4.3977 I I . 1770  II.2439 
4.2063 3.9289 3.9399 

1 5.8952 58,0000 38.4333 

0 

i 

m 

D 

m 
r 

OIL 

343 
371 

599 
677 

228 

37.0 
91,2 
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TABLE 13C RESULT OF SYN GAS OPERATION 

RUN NO. 971 O-I 9 ~.~ 
CATALYST UCC-201 #9939-53 80 CC 43.5 GM (41.15 G AFTER THE RUN, -2.4 GM) 
FEED H2:CO:ARGDN OF 60/30/]0 & 4B/45/I0 @ 580 CC/MN OR 435 GHSV 

.r, 

RUN & SAMPLE NO. 971019-14 

FEED H2:CO:AR 
HRS ON STREAM 
PRESSURE, PS IG 
TEMP. C 

• 45:45:10 
102,3 

296 
313 

FEED CC/MIN 580 
HOURS FEEDING ~ 7.08 
EFFLNT GAS LITER 178.6 
GM AQUEOUS LAYER 3.31 
GM OIL = 0.0 

MATERIAL BALANCE% 
C44ATOM CARBON 
GM ATOM HYDROGEN 

ATOM OXYGEN 

108.61 
107.61 
110.12 

RATIO CHX/(H20+C02) 0.9666 
"RATIO X IN CHX 2.9527 

USAGE H2/CO PRODT 0.8544 
K EFFLT SHIFT REACTN 8.3004 

CONVERSION % T. 
ON CO 76.04 
ON H2 66.1 7 
ON CO+H2 ~ 6g.48 

PRDT SELECTIVITY,WT % 
CH4 31.36 
C2 HC'S 37.22 
C3HB 18.24 
C3H6= 3.75 
C4HI 0 7.95 
C4H8= 4.63 
C 5H12 5.95 
CBH1 O= O. 30 
C6H14 3.52 
C6H1 2= & CYCLO'S O. 45 
C7+ IN GAS 6.73 
LIQ HC'S 0.00 

TOTAL 100. O0 
SUBGROUP I NG 

Cl -C4 83.05 
C5 -420F 16. g5 
420-700F 0.00 
700-END PT 0.00 

" C5 -END PT 16.9B 

-98-  



ISO/NORMAL MOLE RAT,I'O 
C4 O. 1733 
C5 0.5846 

• C6 1 . 1 1 2 4  

C4= 0.051 9 
PARAFFIN/OLEFIN M RATIO 

C3 4.6372 
C4 ' l  .6569 
C5 19.1737 

L IQ HC COLLECTION 
RHYS. APPEARANCE 
DENSITY 
N, REFRACTIVE INDEX 
S IMUI.J~TED DISTILLATION 

,,,I.0 WT % @ DEG F 
16 
50 
84 

~-~o 

RANGE(I 6-84 %) 

-99- 



k'~ Iou 

4,. 

0 

2 

Z 
: 0 

o 

-d uJ 

D 
l e o  

3.e~ 

F~GURE ?.~ 

7 

. .  U C C . -  ~.-o I : 

1 ! | 

T~ '~  P, e C 

c 

I 

I 

15" 

~LEC. I /  VlTY ~o iTfl 

1 

t5o T "C 

I/~ ~t ~ evER 

LIqUiD PEPPUCT COLLECTtDt~I 

i • 

-lO0- 

! 

B5a "1". " C  



' ~ I L ' "  

,,,# 
LL 

• ' . , ' . !  . . . . . . .  " .  . . . .  ] . . - ' , ' ! ' . . , : ' l .  " . " . ' ! . ' - . ,  i . . . .  ! ' " "  , ~  
• : : : "_ . ,  '-'. . .4  

"- , ; • 
• .~ ,. ; 

. . . . . . .  : . . . . . . .  ,, . . . . . . . . . . . . . . . . .  ; . . . ,  . . . . . .  .; . . . . . . . . . . . .  :. . . . . . .  

- "  " . :  I ' , -  -" 
<3O ; 

: " . . ~ i  
; I : "  

. : . 
. . . .  ' : .  +.. . . . . . . . . . . . . . . . . . . . . . .  • . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . .  + , ~ . . ,  

+o 
. I,-,,, .. ,., 

: .  < ~  : 

.++ 

,': .++. +. ; ; Z ; 

. : : :  . . . . .  . . . . . . .  : . . . . . . .  .+ . . . . . . .  . . . . . . . . . . . . . . . .  " . . . . . . . . . . .  ~ . . . .  . . . . . . .  ! . . . . .  , ~  
• . , j  : I ' , -  

_- . . j  

".... : ~ .  
" "  G.? -.' • +. ; , . ~  ~ : 

' " - . . . . .  ; : l  

. . . . . . . . .  ' ; . " "  * " "  . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . .  I ~  . . . . . . . . . .  - . . . .  " 

"~ ,  ~ ""  ~ 

' % .  

" . .  

. . . . . .  ,,.+ . . . . . .  .: . . . . . . . . . . . .  .'~..+.~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~"+, . . . . . .  "+. . . . . . . . . . . .  

~.-~'.i?" ..~-. """"'.... i ," 
"-.~. + "..+ 

- ' . . . .  
. " ; .  '~, 

-.+.. 
' :  , . ' - , -  

. " , ° , . ,  
. . . . . .  • . . . .  - . . . . . . . . . .  . . . . . . . .  • . . . . . . .  , !  . . . . . .  : . . . . . . .  , <  . . . . . . .  : . . . . . . .  ; . . . . . . .  

; • • , . . . .  • 

• . : . , , .  ' -  • 

. . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . .  • . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . .  ' , , . . .  

.+ ; : +,. ".'... 

? +  • : .- 

<:P, , .~. ................................................. . ° . . . .  ° . ,  . .  . . .  . . . .  . .  • • . , , m l  

I ' , , ,  : --'+ " 
Oq, • ; " '-" 

I +  " " "  : : • . : 
• ,: " ' ~  .~. . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + . . . . . . . . . . . . . . . . . . . . . .  

• < i ~ .  ' " " .  ; ' : 
~ .  '.....--+' . . . .  • 

. + 

C 9  + 

~ . ~  • Oq, ~ 0  P,. .  • ' .13 I , ~  ,': ~ ~ "" 0 4  ."q 

r~ 

. . -  ¢ . ' ~ ' l ' I t . l . + t ¢  ~. . l .a  - ' I 0 1 -  

,~, - ,  

, .~  
U'J " "  i .  

,3) 

l . ' r J  ' 

t .~  

l - -  
. a l l  
i m l  

. - I  



• ~ ...i ...... ... [...r...; ..... 

: . !  

~ : :\\ 

.... ! ..... :.. ",', ......... 

. . . . .  i o  . . . . . .  " " 
..... ~: ............... ,:~ .......... : ~/!;: , ~"~" =~ ............... 

: : . . . .  
: : :, :.. 

Jl 

.... "~- ": ....... i ....... ~ :*'.- .... " ....... ::,' • •" ~" " ....... ~" • '(Z "": ....... " ...... 

.. • __ 

. " :t-- 

... • .* • 
: "'..; : : 

.... : ....... ':'. : .,. ... ............. :. ...... : .... ".. ........... ~..- ............... 
o. 

~J : 
"%".' • ~ o 

• ~ . : ¢Z - 

"'--...:.. . ~'J :: 

o 

.............. . ............... . ...~. .... : : 

.o 

: : "~," : 

...~ 

.... ;o..o .or.,. ~" o: . . . . . . . . .  ,o . . . . . . . . . . . . . . . . . . . .  • ....... - ..... ~.~.:.....:.. 

: : ..'- 

• - : : .!.. 

: ~ -. 

• . : : "-. 

- o o o  I ~  

• " :~. 

tO: 
! . 

,o.~ • ' .o~.o .... eo,o ,oo, .............. * .... '" ° ..... t~ 
m4 

I " "  ¢'J 

ime  

r . . .  

" ° l J J  " ° ' ° ' ~ ' ' ~ ' ' ~ ' ' * ' ~ ' ~ ' ' ' ' " °  . . . .  " ~ a ' ° ' ' ' ° ° " ' ° ' ' ' °  ' ' ' ' ' ' ' # °  . . . . . .  " ° ° ' ' ~ °  

~ .. 

° 1 ~ o  . . . . . .  ! . . . . .  t . . . • . ~ i  . . . .  I . . . . . . . . . . .  
"%,. 

03 

,3 
r~ 

.3 

-102- 



1.1. 

. . . . ~ 1  . m . . 1 f i . .I ~ - I . . . .  . .I11 1 ~ 11~ . . i - T i i . . , • l . . . .  

• o . • , 

: 
: : : : : 

: ,, : .~. ~ '! 

: : : : 
i 

.,,,,,'. .... ~-.~, ...... :,o .o.• --: ....... ~.',°.-,. ....... L ....... • ..... , *.,°o .... 

: : .~. 

:: i,~ 

• . . . . . . .  • . . . . . . .  , . ° ° . ° . . ~ o . . ~ . °  
: ~: 

~o 
| , ,~  

• ~ ¢..0 

, ° o . . . . .  . . . . . .  

' _  -. 

• . , .  

: °  : 

" . : : :  . , 

• . ' , : . .  

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  ÷ . . . . . . . . . .  ='L" . . . . . . . . . . . . . . .  

"~.. " W 
. o°°.. (~ ,'I 

• -.., ; . . , , ~  

. o  ." 

" 
' . , . .  

, :  : " ' , . .  . .  

"'-.°.o°: 
~ ,~. • 

If ~ , -  

c. "-'' 

, ~ h . . . . ~  . . . . .  , . . . , . , o o . . . , o . , , ~ , , , , . ,  . . . .  , ~ , - , , , , . , 0 ~ . . .  . . . .  • . . . .  . o , .  . . . . .  . ~  

I , -  
°o .~  . , . ,  ° . . ' o  °~ , , .  o ~ , °o~  

..3 
mm~ 

¢.9 

• N 

! 

! 

m 

. ° ° . . . .  . . . .  o . ° ~ .  o .  . . . .  o .  o . o . o . ~  o , . o 5 .  

i 

. o  - , 

• , o ,  • , IM . ,  . o~  °$ ° ° ,  0o ° °G .  ° . ° . o .~  . . . .  , °  . ° .  ° .  ° .  ° °  i .  ° ° . .  o °~ °  o° . . . .  , , . o . oo  

O~ 

J ~  

( g  

•J• 
. . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ;tt.., 

~1~ ~ I~- ~ ' I ~  ~1" (13 OI ". 

° . ;  

- 1 0 3 -  

o.m,D: 

w 

m 
a 

O 
u_  

N 



t.k 

I " "" . . . . .  

°. 

°~,°.°°,oo . . . . .  

I • " .  . . . . .  " ~ " I  . . . . . .  ' " I . . . .  

. . ,  ~: : : 

.~: 

o.. ." -,~. ...... ..,, .... ~ ....... • ...... • ...... 

I%. 
.: 

! 
- e~ .: .. 

...... :.. ~-..~ - ....... : ...... 

: "~ : : 

.W. : : 

I.- ...~..: .............................. ÷ ....... • ........... =..~ ....... : ...... 
".-: : .~ - : 

:, ,. -i : ; 

i\ : : ~ i  

..... -"\ ......... -i ............... : ..... " ........... =".::;': ........... 

\ : Ni 

o,.: : : 5! : : . _, 

%!<j-... : : 
. b,,l 

• ",.- , 

! : , "" ...... "7"/i. { 
...... :. ...... - .............. ,-:. ..... "::--.;:., .:. ............. 

....... 
: : .... 

• " .. : ~. :"..... 

,. 

: s: "'. 

..... -. .................................... . .................... . ...... -.. 

: 
• .. 

• . . ~ :  ; 

, "  :! 

I " 

~ ,  " / : - '  

q 

, . .  : : , . .  
. .  . . . .  , 

o~ : : .. !: : 

: : : . : 

~.~ 0 ' ,  ~ I'%, ~ I , ~  'W" @ I  O i l  , , - ,  
' - , , I  " "  

-104- 

,.D 

r.. 

o 
r. 
w 

l- 
m 
0 

O 

(.9 

_J 

O 



Run 10011-1 on UCC-201 ' (Fe-UCC-101) Catalyst 

This catalyst was activated by the same procedure used 

in Run 9710-19, i.e., 24 hour CO treatment at 270°C 3=psig :, 

400 cc/min, and~ 24 hour H 2 treatment~at 270°C, 3 psig,~and 400 

cc/min. Ascarite and Drierite traps were installed to monitor 
o 

the CO2-make during the CO treatment (6.6 .gTn. weight gain was ~ 

observed) and H20-make during the H 2 treatment (0.6 gm ~eight 

gain was:observed). The catalyst was then brought into contact 

with 60/30/10 syngas feed at 280°C and 290 psig. The conversion 

was found to be 44% with 15% selectivity for C5+ product (samples 

i, 2, 3, Table 14). This performance was comparable te the pre- 
0 

vious run (9710-19) at 280°C. Because the drierite trap weight 

gain was only 0.6 grams, we thought the H 2 treatment was not 

adequate. Therefore, the catalyst was subjected to a second H 2 

treatment at 400°C (dilute~.with nStrogen, 300 co/rain N 2, ~:50 cc/ 

min. H ~ ~:~ 2) under 300 psig~ This happened to be a July 4th weekend 

when the reactor was run unat£ended, so the treatment lasted for 

113 hours. Th~ 60/~0/i0 syngas feed was then brought on stream. 

again at 283°C and 303 psig. The result_was..worse, with the 

conversion decreased to 16-21% (S~mples 4,5). It~is believed that 

the active carbon species on the"ca£a~yst-sur-face may have 'been 

rendered inactive through graphitization by the high temperature 

exposure. High temperature exposure after CO treatment shouid 
k ~' °' 

probably be avoided. The results are given in Tab!e~ 14. Obvious 

inconsistencies in data from Sample 1 mean that results of this 
.! 

sample should be disregarded. 
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TABLE 14 RESULT OF SYN GAS bPERATZ~ " 

RUN NO. =10011-1 
CATALYST UCC-201 #9939-56 80 C C 49.7 GM (45.82 G AFTER THE RUN,°-3.88&M) 
FEED H2:CO:'ARGON OF 60/30/10 @ 580 CC/MIN OR 435 GHSV 

RUN & SAMPLE NO. 10011-I-I 100l 

FEED H2:CO:AR ~.: 60:30:I0 60:30"10 
HRS'~O.~iSTREAM " 4.0 21 ./,.I 
PRESSIJRE, PSIG 292 ~,.29p 
TEMP~ C ' 281 28/1 

"FEED CC~IIN 580 580 
HOURS FEEDING 4.0 1.7.0 
EFFLNT GAS LITER 115.8 483.6 

~: GM AQUEOUS EAYER 0.0 28.48 
GM OIL 0.0 0.42 

.: MATERIAL':BALANCE "" 
• GM ATOM CARBON % 60.40 104.06 

" C.-.M ATOM HYDROGEN % 103.59 105.24 
GM ATOM OXYGEN % 29.80 I l O, 37 

0.8621 
3.0583 
1.3381 
2 • 4338 

RGTIO CHX/(H20+C02) 5.7068 
RATIO X IN CHX :3.3339 
USAGE H2/CO PRODT 2..8455 

: K ~EFFLT SHIFT REACTN 2.1904 
(, 

CO-N'VERS ION % 
ON CO 64.14 
ON :H2 32.19 
ON CO+H2 . 36.26 

PRDT S ELECTIoVITY,W T % 
C H4 51.20 
C2 HC'S " 19.34 
C3H8 1 3.96; '~ 
C3H6= O. 55 
C.4H10 6.18 
C4H8= '- 0.5>4 
CSH12 4.42 
C5HI.O= : ~ 0.00 
C 6H14 235 

C6HI2= & CYCLO'S 0.00 
C7+ IN GAS 1.46 
LIQ HC'S 0:00 

TOTAL : 1 O0 
SUBGROUPING = 

C1 -(i;4 91.76 
c5 8.24 
420-"/00F 0.00 
700-END PT 0.00 
C5-END PT 8.24 

1 -I -2 10011 -I  -3 1 0011 -I -4 1 0011 -I'-5 

60:30:10 60:30:I0 60:30:10 
25.6 31.2 57.7 
292 303 303 ? 
280 283 284 

580 580 580 
4.6667 5.6 25.5 

1~32.2 199.7 899.3 
7,49 ~0.0 8.98 
o.o o:o o:o 

1o3.25  io4.54 1o5.55 
104.25 I01.36= 105.30 
109.15 105.13 107.52 
0.8681 0.9627 0.9071 
3. 0701 3. 0975 ~,, 3- 0299 
l • 3325 1.1700 1. 2544 
0..2504 3. 5296 2.4923 

58.01 
'40.38 
43.87 

:36.24 
19.04 
16.43 
2.54: 
7.58 
2,97 
6.22, 
0.15 
3.65 
0.23 
4.05 

• 0.89 
t 

I O0 

84.81 
14.48 

0.65 
0.06 

15',19 

56.49 
37.53 
43.84 

36.57E 
19.22E 
16.58E 
2.57E 
7.65E 
3. OOE 
6.28E 
O.1 5E 
3.69E 
O. 23E 
4.08E 
0.00 

lO0 

85.57E 
14.43E 

0.00 
0.00 

14.43E 

23'75 28.70 
14.50 18.63 
16.40 20.65 

33.22 29.72 
27.49 25.66 
18.30 20.17 
1,16 t' l ,49 
7.80 8.78 
l .14 2.16 
4.62 5.20 
0.51. 0 . 6 3  
2.41" 2.74 
O. 20 O. 50 
3.1;4 "~ ¢;2.96 
0.00 . 0.00 

L 

1 O0 1 O0 

89.12 87.98 
10.88 ~! 12.02 
0.00 0.00 
0.00 0.00 

10.88 12.D2 
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ISO/NORMAL ~IOLE RATIO 
C4 , j y  O. 2799 O. 1641 - .0714 
C5 I .  463l '0.8445 .~ .1 482 
C6 ~ 1.97~07 1.6747 - ~ :3013 
C4=  o - - -  0 . 0 1 9 5  - . 2 7 5 9  

,PARAFFIN/OLEFIN M I~'ATIO 
C3,, ; 24.0034.  6.1657 - .l 4.9901" 
C4 11 ". 0'3~6 2.4609 - "" 6. 5878 
C5 ---:' " ~39. 2308 - 8 . 7 7 3 6  

l~.iq HC COLLECTION ' -- '" 

PHYS. APPEARANCE " 
DENSITY 
N. REFRACTIVE INDEX 
SIMULATED DISTILLATION 

lO WT% @ DEG'F - - -  = . . . .  - - -  ,. - - -  
16 ~ . . . . . . . . . .  " - - -  
50 --- --- ~ . . . . . .  

90 .._ ", _.. c; _ . . . . .  ': 

R A N G E ( 1 6 - 8 4  %) : . . . . . . . . . . . . .  
J 

WT % @420 F. 
WT % @700 F 

• 0653 
• 1 223 
• 18oo 
.1 401 " 

1 2.921 0 
3.9218 
8.0723 

.e 

mm~ 
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Run 10011-2' 0n UCC~201 (Fe-UCC-101) Catalyst ~ 

.i 
r .-~, 

This catalyst (same as the one for Run 10011-i), was 
9~ activated by similar procedure (but~%t h slight variation) as 

Run 10011-i 6~ Run 9710-19. The CO treatment was the same, 400 

cc/min, 270°C 3 psig 24 hours. The catalyst bed ~howed an 

exotheri of 24°C (to 294°Ci and an ascarite {rap weight gain of 

ii. 6 grams (for C02). The H 2 treatment was doubled in duration 

wit~ higher fl0w rate and under botH=low and high pressures, i.e., 

24 hours of 1000 cc/min, at 270°C, 3 psig and 24 hours of 2000 co/ 

min. at 270°C and 300 psig. No weight gain on the drierite trap 
"~ . . ~ . 

~for H20) was observed. A feed gas of 45/45/10 compos~taon was 

introduced. At reaction conditions of 220°C, 300 psig, the c0n- 

version was about 9%. The temperatur e was raised to 270°C a~d 

:300 psig; the conversion increased to 37% and ~electivity qf°r C5,+ 

products was 29%. The temperature and pressure were then lowe~ed 

to 251aC and i00 psig. The conversion decrease~ to 15%, but the 

C5+ selectivity increased to 35.5%. 

The conversion, selectivity data and simulated distillation 

are reported in Table 15A and 15B and plotted in Figures 33 to 36. 

Comparing this r~n (with 4S/45/10 feed) to Run 9710-19 (60/30/10 

feed), the selectivity in this run for CH 4 and C5+ fraction seems 

not to be significantly affected by the reaction temr)erature. No &- 
definite trend can be observed on the boiling~Doint distribution 

of the liquid hydrocarbon collection. 
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TABLE 15A RESULT OF SYN GAS OPERATION 

RUN NO. lOOll-2 
CATALYST UCC-20l #9939-56 80 CC49.55GM (50.00 G APTER THE RUN, +0.45GM) 
FEED H2:CO:ARGON,OF 45/45/I0 @ 400 CC/MIN OR 300 GHSV 

f 

RUN & SAMPLE NO. lOOll-2-1 I001l-2;2:1001l-2-3 fOOl I-2-4 lOOll-g-5 

(., 

FEED H2:CO:AR 60:30:10 45:45:10 45:45:10 44:46:I0 ~5:45:10 
HRS ON STREAM I;75 ~= 19.3 27.0 43.5 51.3 
PRESSURE,PSIG 300 ~301 300 299 297 
"[BIP. C 220 219 272 268 258 

FEED CC/MIN 400 ~ 400 400 400 400 
HOURS FEEDING 1.75 17.5 7.75 16.5 7.75 
EFFLNT GAS LITER'~ 40.8 ~ 5 4 . 4 :  162.5 341.0 169.2 
GM AQUEOUS LAYER 0.0 0.0 8.17 If.12 5.4 
GM OIL 0.0 0.0 0.31 0.84 0.42 

0 

MATERIAL BALANCE 
GM ATOM CARBON ~ 93.29 I19.91 lOl .25E 9 8 . 2 8  I02.97 

=GM ATOM HYDROGEN % 95 .41  I18.2~ I04.76E 100.90  I02.40 
GM ~TDM OXYGEN % 92.65 ]20.1~ llO.92E I03.36 I09.12 
RATIO CHX/(H20+C02) 1.0779 0 .963~  0.6812£ 0.7988 0.9653 
'RATIO X IN CHX 3.0036 2 .6120  2.6520E 2 .5554 2.6418 
USAGE HE/CO PRODT 1 .7020 1 .588e  1.0664E 1.0186 1.0074 

,.K EFFLT SHIFT REACTN 0.9649 0 .3500  0.8925E 1 .2295 1.1935 

CONVERSION % 
ON CO 1 2.36 
ON H2 l 0.00 
ON CO+HE 10.46 

PRDT SELECTIVITY,WT % 
CH4 34.60 
C2 HC'S 18.]0 
C3H8 1 2.61 
C3H6= 5.98 
C 4HI 0 8.30 
C4H8=: 5.85 
C 5H12 :. 7 . 3 4  
CSHl O= O. O0 
.C6H14 .... , 4.14 
C6HI 2= & CYCI~O :i S ~ O. ('!0 
C7+ I~' GAS ":" 3.08 
LIQ HC'S 0.00 

TOTAL IgO 
SUBGROUPING 
, Cl -C4 : 85.44 

C5 -420F 14.56 
~20-700F ~O.O0 

~c 700-END PT ~0.00 
C5 -END PT 54.56 ,' 

6.07 35.00E ~35.10 33.72 
9,92 40 .99E 38.64 37.]8 

~8.62 3 9 . 0 4 E  37.45 36.02 

19.07 GC 20.07 19.12 
13.23 HAL- 14.75 = .15.30 

7.64 FUNC- 9.94 l O. 03 
lO.Ol TION '~ 8.84 9.18 

5.35 - 5.67 . 5.66 
II .02 - ] D.52~- I0.57 
7.90 - 6.06 : 5.82 
0 • 82 - O. 75 O. 80 
5.94 - :' 4.70 4.2"7 
l .l.O : - ,~I .09 l .04 

15.50 - ~ 13.01 • 13.12 
0.00 - 3.5] 3.82E 

1 O0 l O0 l O0 100 

"67.74 71.45E 70.89 71.13 
32.26 26.90E 27.15 26.28 
0;00 1.37E 1.85 2.49 
0 .00  0.27E 0.12 O.lO 

32.25 2 8 . 5 5 E  29.11 28.87 
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ISO/NORMAL MOLE RATIO 
C4 ~" . :: O. 2394 ~. 

• C5 ~. O. 6321 
C6 . f~ ,J .0000 

e C4 = ,, _ 
PARAFFIN/OLEFIN M RATIO 

03 - . 2 .0110  
;~ 64 I .  3689 = 

C5 ' - 
LIQUID COLLECTION ". 

PHYS. APPEARANCE : 
DENSITY 
N, REFRACTIVE INDEX 
SIMULATED DISTILLATION ';' 

10 WT% @ DEe F. - - -  
16 - - -  
50 - - -  
84 - - -  
90 - - -  

RANGE(16-84 %) 

WT % @420 F 
WT % @700 F 

.26 l  0 

. 7867  
l . 2389  

•2225  
. 6 4 6 4  

1 . 0 3 9 5  
. 0276  

.1958 

. 5 ] 6 7  

.8753  
• 2154 

O. 7285 - ] .  0725 ] .  0424 
0 . 5 5 6 2  - 0 . ,5202 0 . 5 1 7 5  
9 , 3 4 8 8  - 7 ,8361  7 . 0 3 8 7  

- OIL OIL OIL 

i b m  

m m m  

- - -  332 - - -  
- - -  360 - - -  
- - -  43B - - -  
- - -  537 - - -  
- - -  598 - - -  

- - -  177 - - -  

44.0 
96.7 
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TABLE 15B RESULT OF SYN GAS OPERATION 

RUN NO. 
CATALYST 
FEED 

10011-2 r 
UCC-201 #9939?56 80 CC 49.55GM (50.00 G AFTER THE RUN, 0.45 GM) 
H2:CO:ARGON OF 45/45/10 @ 400 CC/MIN OR 300 GHSV 

,~.~. 

RUN & SAMPLE NO. 10011-2-6 

FEED H2:CO:AR 45:45:1 0 
HRS ON STREAM 67.2 
PRESSURE, PS IG 100 

=TEMP. C 251 

FEED CC/MIN 400 
HOURS FEED ING 1S. 92 
EFFLNT GAS LITER 425.70 
GM AQUEOUS LAYER 2.52 

OIL 0.41 
{ 

MATER IAL BALANCE 
GM ATOM CARBON % 74.03 
GM ATOM HYDROGEN % 92.48 
GM ATOM OXYGEN % 76.48 
RATIO CHX/(H20+C02) 0.7338 
RATIO X IN CHX 2.̀ 5719 
USAGE H2/CO PRODT 1.3489 

K EFFLT SHIFT REACTN 0.5941 

CONVERSION % 
ON CO I'3.20 
ON H2 16.04 
ON CD+H2 15.23 

PRDT SELECTIVITY,WT % 
CH4 : 19.II 
C2 HC'S 14.17 
C3H8 6.36"- 
C3H 6= 8.95 
C4H10 4.20 
C4H8= 11.68 
C,5HI 2 4.82 
C5HI 0= 1.3`5 
C6HI 4 3.64 
C6H12= & CYCLO'S 1.81 
C7+ IN GAS 18.44 
LIQ HC'S 5.42E 

TOTAL 100 
SUBGROUPING 

C1 -C4 
C,5 -420F 
420-700F 
700-END PT 
C5 -END PT 

64.47 
33.09 

4.06 
0.37 

3,5. ,53 
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ISO/NORMAL MOLE RATIO 
C4 O. 1223 
C5 : O. 2255 
C6 : 0.4444 
C4= O. 2490 

PARAFFIN/OLEFIN M RATIO 
{~} C3 " 0.6783 

C4 0.3474 
C5 3.4699 

LID HC COLLECTION 
PHYS. APPEARANCE CLEAR OIL 
D ENS ITY 
N, REFRACTIVE INDEX 
SIMULATED DISTILLATION 

1 0 WT % @ DEG F 401 
] 6  : 4 1 0  
50 : 503 
84 641 
90 ~ 676 

RANGE(] 6-84 %) 2.31 

WT ¢ @420 F 18.30 
WT % @700 F 93.20 
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Run 10011-4 on-UCC-201 (Fe-UCC-101) Catalyst 

In the previous four runs on Fe-UCC-101 catalyst, (Runs 

9710-18,-"19, 10011-1; -2), the catalyst was ictivated by a pro- 

cedure Which calls for a car_burization step first _ (generall_y at 

270-3007C with ~pure CO :gas), followed iby a hydrogenation step 

at the same temperature. The catalyst was-t~en--@-eneral-l'y-'5~6dg~t-'-- 

on stream with 60/.30/10 syngas at s!ightly low~r temperature. 

We shall call this procedure A. in this run, Run 10011-4, the 

catalyst was activated by a different procedure which calls for 

a hydrogenation step first (at 400-450°C), ind then a carburization 

step at 250°C with 45/45/10 H2/CO/Argon syngas. We shall call this 

procedure" B. 
~ 

More specifically, the catalyst, having been caicined in air 

at 500°C, was treated with H 2 at 1'5,00 cc/min. (1125 GHSV), 300 

psig, for 7 Kours at 340°C and 49 hours at 450°C. The catalyst 

was cooled to 250°C under H 2 (total weight, galn in the drierite trap 

was 8.5 gm) and then treated with 45/45/10 "syngas at 400 cc/min 

(300 GHSV), 100 psig, for 48 ~ours at 250°C. During this 48 hours, 

the syngas conversion was 7-11% (refer to samples i to 4, table • 16A) 

No liquid product, aqueous or oil, was observed during that time, 

and it was felt that the catalyst needed ano£her activation, a 

shortened version of procedure A. The catalyst was treated for 5 

hc~rs wit~ CO at 400 cc/min, 3 psig, 270~C, foilowed by 16 hours 

with H 2 at 1500 cc/min.,- 100 psig and 270°C. The 45/45/10 syngas 

feed was brought on stream again at 400 cc/min., 100 psig, and 273°C 

The temperature was raised to The conversion was 17% (sample 6.,. 

302°C and the conversion increased to 35%. The conversions and the 
.% 

selectivities are plotted in Figure 37. The catalyst performance 

in this run was poor. Throughout the whole run, not enough oil 

product was made for collection. 
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TABLE 16A RESULT (iF SYN GAS OPERATION 

RUN NO. 10011-4 
CATALYST UCC-20I #9939-73 80 CC 51.24GM (47.10 G AFTER THE RUN, -4.14GM) 
FEED H2ICO:ARGON OF 45/45/I0 @ 400 CC/MIN:OR 300 GHSV 

l" 

RUN & SAMPLE NO. : I0011-4-I I0011-4-2 I0011-4-3 I0011-4-4 I0011-4-5 

s; 

FEED H2:CO:AR 45:45:10 45:45:10 
HRS ON STREAM 5.7 21.5 
PRESSURE, PS IG 102 99 
TEMP. C x 252 252 

"4 "~' 

FEED CC/MIN ~ 400 400 
HOURS FEED ING 5.75 15.83 
£FFLNT GAS LITER 163.4 432.4 
GM AQUEOUS LAYER O. 0 O. 0 
GM OIL 0.0 0.0 : 

M~TER IAL BALIVJCE 
GM ATOM CARBON % I12.38 I08.86 
GM ATOM HYDROGEN % 111.95 108.85 
GM ATOM~OXYGEN % I14.66 110.22 
RATIO CHX/(H20+C02) 0,6126 0.7611" 
RATIO X IN CHX 2.8932 2.8342 
USAGE H2/CO PRODT, 1.6348 1.6897 

K EFFLT SHIFT REACTN 0.2611 0.2678 

CONVERSION % 
ON CO 
ON H2 
ON CO+H2 

PRDT SELECTIVITY,WT % 
CH4 
C2 HC'S 
C3H8 
C3H6= 
C4H10 
C4H8= 
C 5HI 2 
CSH1 O= 
C6H14 
C6H12--- & CYCLO i S 
C7+ IN GAS 
LIQHC'S 

TOTAL 
SUBGRdUPiNG 

CI -C4 
C5 -420F 
420-700F 
700-END PT 
C5 -END PT 

45:45:10 45:45:10 45:45:10 
28.4 46.7 53.6 

100 98 99 
251 251 273 

400 400 400 
6.92 18.33 6.92 

189.1 499.6 176.3 
0.0 0.0 0.0 

0 .0  0.0 0.0 

107.82 109.64. 101.54 
llO.O1 109.16 101.52 
1 0 8 . 9 4  108.52 : 1 0 2 . 8 0  
0.8025 1 .1920 : 0.761 l 
2.8285 2..5908 2.8342 
l .  7221 1.7201 l • 689 7 
O. 2647 O. 3021 O. 2678 

4.33 5.12 5.32 7.63 5.12 
: 8,:77 9.70 9.85 12.31 9.70 

7.29 8.17 8.36 10.74 8.17 

22.55o 21.53 
24.17 22.58 
19.31 17.05 
3.31 4.74 

10.02 8.33 
2.76 3.89 
8.18 B.Ol 
O. O0 0. O0 
5.10 6.13 
0.00 0.00 
4.61 7.Z3- 
O. O0 0. O0 

l O0 1 O0 

82.12 78.12 
17.88 21.88 
0.00 0.00 
0.00 0.00 

17.88 o 21.88 

22.07 1 5.67 21.53 
21.25 14.90 22.58 
16.79 13.14 17.05 
4.55 27.21 4.74 
8.16 6.21 8,33 
4.42 3.51 3.89 
7.68 5:84 8.01 
0.00 0.00 0.00 
6.63 5.34 6.13 
0.26 0.44 0.00 
8.17 7.73 7.73 
0.~0 0;00 0.00 

. l O0 l O0 l O0 

77.25 80.64 78.12 
: 22.75 1 9.36 21.88 

0.00 0.00 0.00 
0.00 0.00 0.00 

22.75 1 9.36 21.88 
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ISO/NORMAL MOLE RATIO 
C4 0 .  4636 
C5 3 .4036  
C6 - - -  
C4 . . . .  

P ARAFF IN/0 L£ F-i N=H~R.-#-='r--!O 
C 3 5.5Z47 
C4 ' 3.5046 
C5 . . . . .  

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENS ITY 
N, REFRACTIVE INDEX 
SIMULATED D ISTILLATION 

IOWT% @ DEG F - - -  
16 ~ --- 

50 ~ - - -  
84.  ----m 

,go . . . .  

RANGE (l 6-84 %) 

0.2951 
2.2211 
4.9394 

3.4355 
2.068] 

~ m ~  

-6 

O. 2696 
l • 7909 

; 4. 6923 
_-J  

3.5192 
1.784] 

m ~ m  

o. 2322 
] .  2264 
3.0448 

O. 4607 
! .7106 

m u m  

u m n  

0.2951 
2.2211 
4.9393 

- - r a m  

3.4355 
2.0681 

0 
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TABLE 16B RESULT OF SYN GAS OPERAIION 

i 
' "  ':" : " 6  , 

RUN NO. 001 I-4 . ° 
CATALYST" UCC-201 #9939-73 80 CC 51.24GM (47.10 G AFTER THE RUN, -4.14GM) 
FEED H2:CO:ARGON OF 45/45/I0 @ 400 CC/MIN OR 300 GHSV 

RUN & SAMPLE NO. I0011-4-6 I0011-4-7 10011-4-~} I0011-4-9 lODll-~4-10 
0 ¢. 

FEED H2:CO:AR = 
HRS ON STREAM 
PRESSURE, PS IG 
TEMP. C 

FEED CC/MIN 
HOURS FEEDING 
.EFFLNT GAS lifTER 
GM AQUEOUS LAYER 
GM OIL .~ 

MATERIAL BALANCE 
GM ATOM CARBON % 
GM ATOM HYDROGEN % 
GM ATOM OXYGEN % 

45:45:10 
71.4 , 

98 
273 

4od 
.17.'83 
455.9 

3.57 
0.o 

e106.66 
107.76 
108:25 

RATIO CHX/(H20+C02) 0.8559. ~ 
RATIO X ,IN CHX 2.8360 
USAGE H2/CO PRODT 1.3364 

K EFFLTSHIFT REACTN 0.6782 

CONVERS IoN % 
ON CO 
ON H2 

• ON CO+H2 
PROT SELECTIVITY,WT % 

CH4 
C2 HC'S 
=C3H8 
C3H6=" " 

"C4H10 
C4HB-~ 
CSH12 :~ 
CSHI O= 
C6HI 4 i~ 

- C6HI 2= & CYCLO'S 
C7+ IN GAS: 
LIQ HC'S 

TOTAL 
SUBGROUPING • 

C1 -C4 
° C5 -420F 
'o ~-20-700F " 

700-E~ID PT 
C5 -END PT 

45:45:10 45:45:10 45:45:10 45:45:I0 
78.4 - 97 .2  ]01%8 ,, 1 22.7 

1 O1 1 04 105 1 03 
303 304 299 300 

400 
7.0 

1 56.0 
0.0 
0.0 

108.94 
105.76 
109.62 
0.9:700 
2.9613 
0.8734 
5.4364 

" 400 400 " "  ": 400 
18.75 4.67: 20.83 

416.4 o 103.7 475.1 " 
7 .05 0.0 7.45 
0.0 0.0~. 0.0 

104.56 111.04 l 13.22 
107.23 106.95 114.29 
II0.09 110.25 116.39 
~ 7945 1.0398 "- 0.8775 
2.9796 2.9354 ~2.9232 
0.9227 O. 9.286 0.9683 
2.5123 4. 4505 2. 3358 

= 

13.21 37 • 88 38.60 
18.46 3 4 . 3 6  37.1! 
16.72 35.55 37.60 

22.24 26,52 28.08 
22.37 , 26.22 26.20 

l 18.29 22.83 21 . 82 
4.93 2.95 3.41 
8.42 2.42 2.'50 
4.34 2~35 , 2.67 
7.40 ~ 7.45 ~ 6.60 
0.24 O-ll 0.08 
4.81 4.06 3 • 8!: 
0.09 0.29 ' 0 . 2 2  
6.86 4.79 4.61 
0.00 0.00 0.00 

l O0 ],00 1 O0 

8o.59 "~- 83.29 84.68 
19.4.1,. ,~,~ 16.71 <' 15.32 
O. 00" 0.00 O. O0 
0.00'- O.OO 0.00 

19.41 "~ 16.71 15.32 

33.27 
31 ~; 74 
32.26 

26.1,7. 
2 .4s 
1'9.73 
3.85 
7.,93 

; 3.00 
6.20: 

'~;: 0.09 
.... 3.67 

0.15 
4.75 
0.00 

36. Ol 
35.89 

: 35.93 

26.31 
23.43 
19.44 
4.34 
7.98 
3.51 
6.07 
0.18 
3.68 
0.35 
4.81 
0.00 

too 

85.13 
1 4.87 
0.00 
0.00 

1 4.87 

100 

85.01 
14.99 

0.00 
0.00 

14.99 
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ISO/NORMAL MOLE RATIO " 
==-~ C4 O. 2096 

C5; I .  3643 
C 6 2. 9560 
C4= 0..0205 

PARAFFIN/OLEFIN M RATIO 
C 3~, ,' ,3.5444 
C4 = 1:8738 
C5 30.0909 

LIQ HC CO.LI-E.CTION 
P.HYS. A¥'.I-~ARANCE : - 
DENS ITY 
N, REFRACTIVE INDEX 
SIMULATED D ISTILLATIDN 

IQ WT% @ DEG F - - -  
16 - - -  
50 ., - - -  
.84 - - -  c. 

90 - - -  

RANBE{I 6-84 %,) 

2.1429 
, 1.7747 

4.1635 
0.0267 

7.3902 
0.9945 

66.5926 

1.4897 
1.6799 
3.9867 
0.0254 

6.1101 
0.9009 

81.5263 

m u ~  

. m m  

".C 

0.2044 
] .5772 
3.6960 
0.0271 

4.894] 
2.5568 

63.7273 

m 

O. 1939 
1.2296" 
3.11'36 

25.5854 

~. 2735 ~' 
2.1973 

32.6000 
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Run 10011-5 on UCC-201 (Fe-UCC-101) Catalyst 

Theoactlvation procedure used~in this run was almost 

' identicalkto the previous run (Run l0011-4)~%" The catalyst, 

having been calcined in air at 250°c, was activated by treating 

first with H2~at 2000 ~c2min (1500 GHSV)~, 3 psig (low pressure 

this time) for~ 7 hours at 300°C, andS33 hours at 400°C, cooled 

under H 2 to 250°C-(Drierite 4rap wt. gains 7.2 gm.) and then 

treated with 45/45/10 synqas 400 cc/min, 100 psig, 48 hd~lzs at 

250°C and 24 hours at~280~C. The conversion: at 250°C was low, 

only 7% (Sample 2, Tab~le17). Th% catalyst was subjected to 

another procedure A activation of CO at 400 cc/min. 3 psig, 

280°C 6 hours$ followed by H 2 at 2000' cc/min. 3 psig,~2807C, 18 f 

hours, with a drierite trap weight gain (H~O) of 1.7 gm. and 

ascarite trap weight gain (CO 2) of 0.1 gm~ No~discernable exo- 

therm was observed. The 45/~5/10 syngas was brought ~on stream ~ 

again at 400 cc/min, 105 psig, 279°C for 26 hours. The conversion 

• was~'still quite poor, only i2% at 279°C ~(sample 3, Table 17). 
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TABLE 1 7 RESULT OF SYN GAS OPERATION 

RUN NO. 
CATALYST 
FEED 

10011-5 ~ ~ 
UCC-201 #9938-88 80 CC 47.5 GM (42.74 G AFTER THE RUN, -4.76GM) 
H2:CO:ARGON OF 45/45/10 @ 400 CC/MIN OR 300 GHSV 

RUN & SAMPLE NO. lOOll-5-1 I0011-5-2 I0011-5-3 

FEED H2:CO:AR 45:45:10 45:45:10 45:45:10 
HRS ON STREAM 25.7 44.7 93.1 
PRESSURE,PSIG ° 97 94 105 
TEMP. C 249 249 279 

FEED CC/MIN 400 400 400 
HOURS FEEDING 25.75 19.0 25.667 
EFFLNT GAS LITER 625.6 463.0 602.4 
~AQUEOUS LAYER 0 .0  6.0 0.00 
GM OIL 0.0 0:0 0.0 

MATERIAL BALANCE 
GM ATOM CA'RBON % 1 02.21 
GM ATOM HYiDROGEN % I02.51 
GM ATOM OXYGEN % 104.86 
RATIO CHX/(H20+C02] 0.3795 
RATIO X IN CHX : 2.9423 
USAGE H2/CO PRODT l .9370 

K EFFLT SHIFT REACTN 0.0786 

100. O6 95.03 
105.11 95.76 
105.13 95.46 
0.2293 0.9357 
2.8491 2.9208 
1.9806 l .3862 
O. 0369 O. 7258 

CONVERS ION % 
~ ON CO 

ON H2 
ON CO+H2 

PRDT SELECTIVITY,WT % 
CH4 
C2 HC 'S 
C3H8 
C3H6= 
C4H10 
C4H8= 
C5H12 
CBH1 O= 
C 6H14 
C6H12= & CYCLO'S 
C7+ IN P~S 
LIQ HC'S 

TOTAL 
SUBGROUPING 

Cl -C4 
C5 -420F 
420-700F .. - 
700-END P% 
C5 TEND PT : 

l .90 
6.17 
4.75 

28.59 
22.72 
13.93 
4.90 
6.96 
4.03 
7.22 
0.00 
6.27 
0.00 
5.38 
o.oo 

lO0 

81.13 
18.87 
0.00 
0.00 

18.87 

2.09 
9.67 
7.23 

27.32 
17.38 
]3.31 
6.06 
6.97 

~': 5.17 
6.53 
6.35 
5,14 

• 0.00 
5.78 
0.00 

lO0 

76.21 
23.79 
0.00 
0.00 

23.79 

9.59 
13.50 
12.21 

30 .-33 
21.54 
12.56 
7.30 
5.64 
5.42 
6.16 
0.21 
4.72 
0.00 
6.13 
0.00 

l O0 

82.78 
17.22 
0.00 
0.00 

17.22 

,..,,', 
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ISO/NORMAL. MOLE PATIO 
C4 O. 4433 
C5 6,31 25 
C6 - - -  
C4= - - -  

PARAFFIN/OL.EFIN M RATIO 
C3 . 2.7132 
C4 l .6667 
CB - - -  

LID HC COLLECTION 
PHYS, APPEARANCE 
DENSITY 
N, REFRACTIVE INDEX 
SIMULATED D ISTILLI~TION 

l O WT % @ DEG F ~" - - - "  
16 - , -  
50 - - -  
84 - - -  
90 - - -  

RANGE(I 6-84 %) - - -  

0.3964 
4.57] 4 

2.0968 
1.3025 
l .  0000 

O. 3373 
2.6852 
4.5435 

l • 6403 
] .0044 

28.42B6 

mm,.~. 

wN~  

m~m 

% 
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Run 10011-3" on UCC-202 (Mn-Fe-UCC-103) Catalyst 

Th~s is a'manganese-iron loaded UCC-103 catalyst. The 

catalyst w~s activati~ ~ by a modified procedure A, with 45/45/10 

H2/CO/Argon syngas" as the carburizing gas at 400 cc/min, i00 psig, 

250°C fbr 20 hours, and later again at 265°C for 18 hours, followed 

by H 2 treatment of 1000 cc/min 3 psig, 270°C for 7 hours, and 2000 

cc/min., 300 psig, 270°C for 21~hours (both low and high[pressure). 

The 45/45./10 syngas feed was then~brought on stream at 400 cc/min. 

300 psig;~nd 220°C. The conversion was very lowT~only 3% :isamples 

1 and 2, table 18). The conversion was still very low at 4% for a 

higher temperature of 252°C (sample 3). Despite the uncertainties 
• %.: 

with regard io thebest activati6n/~rocedure, the very poor ~er- 

formance of this catalyst is attributed to the catalyst itself and 

the way it was prepared. Th~ metal component of the catalyst was 

added throug h the decomposition of manganese and iron carbonyls 

.: adsorbed onto the catalyst; catalyst activity may have been damaged 

during the alumina bonding to; form extrudate. 
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TABLE 18 RESULT OF SYN GAS OPERATION 

RUN NO. lO01l-3 
CATALYST UCC-202 #9673-IID 80CC 38.glGM (39.05 G AFTER:THE RUN, +O.14GM) 
FEED : H2:CO:ARGON OF 45/45/I0 @ 400 CC/MIN OR 300 GHSV 

RUN & SAMPLE NO. lOOll~3-1 I0011-3-2 I0011-3-3 

FEED H2:CO:AR 45:45:10 45:45:10 45:45:10 
HRS ON STREAM 1.5 19.0 26.3 
PRESSURE,PSIG 299 302 302 
"TEMP. C 221 221 252 

FEED CC/MIN 400 400 400 
HOURS FEEDING 1.5 17.5 3.Z5 
EFFLNT GAS L ITE~ 42.0 499.3 208.1 
GM AQUEOUS LAYER 0.0 0.0 0,0 
GM OIL 0.0 0.0 0.0 

MATERIAL BALANCE 
GM ATOM CARBON % I01.77 
GM ATOM HYDROGEN % I1Z.66 
GM°ATOM OXYGEN % 106.09 
RATIO CHX/(H20+C02) 0.06187 , 
RATIO X IN CHX= 3.3971 
USAGE H2/CO PRODT 2.0007 

K EFFLT SHIFT REACTN 0.0154 

llO.05 I09.98 
I14.77 II0.66 
I14.21 I13.98 
0.I188? 0.1833? 
2.6351 2.9055 
1.9711 1.9007' 
0.0185 0.0494 

CONVERSION % 
ON CO O. 34 
ON H2 4.46 
ON CO+H2 3.]8 

PRDT SELECTIVITY,WT % 
CH4 66.85 
C2 HC'S 17.71 
C3H8 O. O0 
C3H6= 7.55 
C4HI 0 O. O0 
C4H8= 0.00 
C 5H12 O. O0 
C5H10 = O. O0 
C6H14 4.69 
C6Hl2= & CYCLO'S 0.00 
C7+ IN GAS 3.Z0 
LIQ HC'S 0.00 

. . .  

TOTAL 1 O0 
SUBGRDUPING 

Cl -C4 92.11 
C5 -420F 7.89 
420-700F O. 00 
700-END PT 0.00 
C5 -END PT 7.89 

0.59 l .03 
4.68 5.39 
3,35 3.94 

31.40 39.44 
50.66 16.99 

I .96 4.43 
8.99 13.38 
0.00 9.14 
0.00 0.00 
0.00 0~00 
O, O0 O. O0 
0.00 l .89 
0.00 0.00 
6.99 14.7'2 
0.00 0.00 

l O0 l O0 

93.01 83.39 
6.99 16.61 
0.00 0.00 
0.00 0.00 
6.99 ]6.61 
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ISO/NORMAL MOLE RATIO 
C4 - - -  
C5 - - -  
C6 - - -  
C4= - - -  

PARAFFIN/OLEFIN M RATIO 
C3 - - -  : 
C4 - - -  
C5 - - -  

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENS ITY 
N, REFRACTIVE INDEX ~. 
SIMULATED D ISTILLATION 

]0  WT% @ DEGF - - -  
16 - - -  
BO - - -  
84 - - -  
90 - - -  

RA~IGE(I 6-84 %) - - -  

WT % @420 F 
WT % @700 F 

m m m  

I l l  

' 0.2083 

i l l  

i I I  

I m m  

o.3i61 

9 

i l l  
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SUMMARY OF THE SYNGAS OPERATION 

°, . . 

The results from the syngas operation reported this 

quarter were poor, worse than expected. Since none of the 

catalysts whose results were reported here had been promoted~ 

there was little expectation for good selectivity to heavy hydro- 

carbons. We did have reason to expect the conversions to have 

better than they were. : All the reasons for the poor results are 

not clear at this time. Generally, the activation procedures 

used, while possibly not being optimal, should have been quite 

adequate. Analysis of the feed streams failed to show that the 

feed could have contaminated the catalysts. It is suspected'that 

one batch of catalyst, used for most of the tests reported above, 

may have been damaged in some way. 

Starting with run 10011-6, conducted this quarter (the = 
D 

results of which will be reported next quarter) the catalysts have 

shown higher conversions and apparently good selectivity to desired 

products in Task 2 tests. 
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G. A. Somorjai 

APPENDIX D: SURFACE sTuDIES 

We have completed construction of the new low pressure- 

high pressure apparatus to be used for catalyst surface 

studies. Preliminary studies of CO hydrogenation were 

carried out in this apparatus. On a previously built 

chamber, CO hydrogenation reactions at 3-6 arm pressure 

have been carried out using rhenium metal surfaces. While 

the clean metal is a mediocre methanation catalyst, the 

addition of potassium to the surface increases the yield 

of C 2 and C 3 hydrocarbons (ethane and propane) and suppress- 
C 

es the methane yield. 

Samples of catalysts prepared bythe oxidative decompo- 

sition of iron and manganese carbonyls inside the molecular 

sieve, UCC-103, were provided by P.K. Coughlin. Auger 

electron spectroscopy showed little metal on the surface. 

In comparison to simple metal, metal oxide, and metal alkali 

oxide systems, the molecular sieve supported catalyst showed ~ 

high yields and good selectivity towards olefins at 3 atm of 

total pressure and 275°C. 

We have recently constructed a Mn evaporation source and 

~re currently examining changes in activity and selectivity ~ which 

occur on Fe foil promoted with Mn monolayers~ In the following 

few months we will also examine the Fe/Mn System with O and K 

additives combining the high pressure results with ultra-high 

vacuum analysis. 
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