
I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIII 
DE92004869 

e 

One Source. One Search. One Solution. 

Q 

SYNTHESIS OF OCTANE ENHANCERS DURING 
SLURRY-PHASE FISCHER-TROPSCH. QUARTERLY 
TECHNICAL PROGRESS REPORT NO. 3, APRIL 1, 
1991--JUNE 30, 1991 

ALTAMIRA INSTRUMENTS, INC. 
PITTSBURGH, PA 

15 OCT 1991 

J 

~~11 " ~II~t~Ik~C.~ ~1 

U.S. Department of Commerce 
Nat iona l  Techn ica l  In fo rmat ion  Service. 



One Source.  One Search.  One Solution. 

P r o v i d i n g  P e r m a n e n t ,  E a s y  A c c e s s  
to  U.S.  G o v e r n m e n t  I n f o r m a t i o n  

National Technical Information Service is the nation's 
largest repository and disseminator of government- 
initiated scientific, technical, engineering, and related 

business information. The NTIS collection includes 
almost 3,000,000 information products in a variety of 
formats: electronic download, online access, CD- 
ROM, magneti(: tape, diskette, multimedia, microfiche 
and paper. 

: , . _ .  

Search the NTIS Database from 1990 forward 
NTIS has upgraded its bibliographic database system and has made all entries since 
1990 searchable on www.ntis.gov. You now have access to information on more than 
600,000 government research information products from this web site. 

Link to Full Text Documents at Government Web Sites, 
Because many Government agencies have their most recent reports available on their 
own web site, we have added links directly to these reports. When available, you will 
see a link on the right side of thebibliographic screen. 

Download Publications (1997 - Present) 
NTIS can now provides the full text of reports as downloadable PDF files. This means 
that when an agency stops maintaining a report on the web, NTIS will offer a 
downloadable version. There is a nominal fee for each download for most publications. 

For more information visit our website: 

www.ntis.gov 

U.S. DEPARTMENT OF COMMERCE 
Technology Administration 
National Technical Information Service 
Springfield, VA. 22161 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United Stats  
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expr~s or implie.d, or assumes any legal liability nr responsi- 
bility for the accuracy, compMleness, or u~efu|n~ss or nny information, apparatus, product, or 
process disclosed, or represents that its use wuutd not infringe privately owned ~8hzs, Kefer- 
encc h~rein to any spe¢iflc commerci~t product, process, or service hy trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or [avoring by the United States Government or any agency thereof. The views 
and opinions of authors enpr~sed herein do nol necessarily state or reflect those of the 
United States Government or any agency 1hereof. 

0UA~RRLY ' TEC~NIO~T. PROGPF.sS 

90047--T"~ 

: DE92 004869 

~RPORT N6. 3 ,. 

Covering the Period April I, 1991 to-June 30, 1991 

SY~ESIS OF OCTANE F/~F~NCERS DURING 

SLURRY-PHASE FISCHER TROPSCH 
i 

Prepared for the U.S. Depa~ment o~ Energy Under 

Contract No. DE.-~22-90PCg0047 

Contract Period: Sept. 26, 1990 to Sept. 25, 1992 

0 

Prepared by: 
;/ 

, ,,.-. 

October 15, 1991 
: i 

G" 
, , ,:: ": 

George Marcelin; Program ~lanager 

Altamira Instruments, Inc. 

2090 William Pitt Way 

pittsbu=gh, PA is2 8 
; .-. 



TABLE OF CONTENTS 

PLANNED TASK AND MILESTONE SCHEDULE ........................... 1 

c~ : 2 
OBJECTIVES ................................................... 

i, 2 
WORK ACCOMPLISHED THIS QUARTER ............................... 

THIRD QUARTER' S TECHNICAL REPORT ............................. 5 

GAS PHASE MTBE SYNTHESIS OVER ACID CATALYSTS ........... 3 

INTRODUCTION ......... - ........................ 

EXPERIMENTAL .................................... 3 .'{ - 

• 4 ENCOUNTERED • PROBLEMS ............................ 

RESUT.TS AND DISCUSSION . $.:. . ................... .. 5 

SYNTHESIS OF MTBE BY INCORPORATION OF ISOBUTYLENE 

i0 SYNTHES IS • DURING ALCOHOL °. ............................. 

INTRODUCTION ................................... 10 

~XPERIMENTAL ................................... I0 

RESULTS ........................................ 11 

PROBLEMS ENCOUNTERED ........................... 15 

WORK PLANNED FOR NEXT QUkRTER ............................... 16 



PLANNED TASK AND MILESTONE SCHEDULE 

.......... Year 1 ---- ...... Year 2- 
Task 1 2 3 4 5 6 7 8 9 i0 ii 12 1 2 3 4 5 6 7 8 9 i0 ii 12 

1 

2 

3 

4 

5 

V 

V 
q 

.." 

9 

M = denotes milestone 

List of Milestones 

Milestone 
Number___ 

M1 

M2 

M3 

M4 

M5 

M6 

M7 

M8 

design of slurry bubble column reactor 

i sobutylene 
using acid 

Finalize 
(SBCR). . .  

Finalize construction and testing of SBCR. Topical 
report prepared. 

Completion oZ catalyst screenings fe~ study of 
isobutylene addition during formation of alcohols. 
Decision made on catalysts to be studied in SBCR. 

Completion of slurry reaction of isobutylene 
addition during formation of alcohols. 

,.°., 

Completion of catalyst screenings for study of 
isobutylene addition to FT liquid products using 
acid catalysts. Decision made on catalysts to be 
studied inSBCR. 

Completion of slurry reaction of 
addition to FT liquid products 
catalysts. 

Completion of catalyst screenings. 

Completion of slurry reaction of alcohol addition 
during iso-olefin synthesis. 

M9 Final report issued. 
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OBJECTIVES 

The objective of this project is to investigate three" 

possible routes to the formation of ethers, in particular methyl 

tert-butyl ether (MTBE), during slurry phase Fischer-Tropsch 

reaction. The three reaction schemes to be investigated are: 

Scheme 1 

* Addition of isobutylene during the formation of 

methanol and/or higher alcohols directly from CO and 

H 2 durring slurry-phase Fischer-Tropsch. ~?,\ .... 

Scheme 2 

* Addition of isobutylene to FT liquid products including 

alcohols in a slurry-phase reactor containing an MTBE 

or otheracid catalyst. 

Scheme 3 

* Addition of methanol to slurry phase FT synthesis 

making iso-olefins. 

WORK ACCOMPLISHED THIS QUARTER 

Work during the third quarter continues to concentrate in 

finalizing the construction of a laboratory scale bubble column 

reactor and in identifying and screening catalysts suitable for 

reaction schemes (I) and (2). 

The construction of the reactor (Task i) has been delayed 

by the late delivery of a critical component, i.e. a high 

pressure sight-glass. This component is now in-house and 

properly fitted to the reactor. The construction task is 

approximately 4 months behind the original schedule. Work on 

task 2 is proceeding on schedule. Other tasks are running 

behind schedule only because they require completion of Task 1 

in order to proceed. 
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THIRD QUARTER'S TECHNICAL REPORT 

'GAS PHASE MTBE SYfI~ESIS OVER ACID CATALYSTS 

Introduction 

Preliminary. ,, experiments have been conducted on the 

synthesis of MTBE ~over' three acid catalysts, the commercially 

: utilized microreticular ion exchange resin (Amberlyst-lS) and 

two HY zeolites of different acidity., since the Amberlyst resin 

decomposes at about 100°C, this comparison was conducted at 

low temperature in order to evaluate the performance of all 

these catalyst at the same conditions. The main purpose of the 

.experimentm on the resin was to provide a baseline~mparison 

between the commercial state-of-the:art catalyst and the ~" 

zeolites. 

Experimental 

' The experimental set-up was described in last quarter's 

" Technical Report. Some modifications were necessary in order to 

improve the reproducibility of the experiments. The major 

system modification was the inclusion of an on-line gas 

chromatograph for the analysis. The problems encountered and 

their solutions are described later .......... 

i. 

The catalysts evaluated included two H-Y zeolites with 

difEerent Si/AI ratio, labelled LZ210-12 and S(LZI2)8. The 

physical and acid characteristics of these two materials was 

described last quarter. It should be noted that the latter was 

considerably more acidic than the former. Also studied, for 

comparison," was a sample of Amberlyst-15 (Rohm & Haas, Co.), 

which is the catalyst used in the commercial production of MTBE. 
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The reaction conditions used were: 

Temperature: 100°C 

Pressure: 1 atm. 

He flow rate: 15-25 cc/min 

MeOH flow rate: 2-4 ml/min 

IBu flow rate: 6-12 ml/min 

IBu/MeOH ratio: I-3 

Catalyst weight: i00-250~mg ........ 

Problems Encountered 

A number of experimental difficulties were encountered 

during the start-up of these experiment6~ These difficulties 

related to flow fluctuations and analysis reproducibility. It 

should be mentioned that a significant number of experiments 

have been :~ conducted but because of these difficulties many 

experiments did not give reliable data and have thus been 

disregarded. 

One particular problem was the fluctuation in the flow of 

the reactants, specifically the'?isobutylene. IBu is used in the 

form of a liquefied gas hav~.g a vapor pressure of about 2 
~l • " % 

atmospheres at room temperature. The IBu is introduced by 
ir 

controlling the flow out of the cylinder with a needle valve. 

It was observed that at ~high flow rates significant fluctuations 

in the blank analysis occurred. This is perhaps due to cooling 

of the liveried IBu upon expansion accompanied by a lowering in 

vapor pressure. The limit for steady flow of IBu was determined 

experimentally to be about I0 cc/min. All subsequent 

experiments were conducted below that value. 

An additional poten%~l difficulty involves that product 
i ' 

analysis and separation. "" Some expected products elute very 

close to each other in the column currently being used giving a 

potential error in the selectivities reported. We wi].l be 

switching to a capillary column to resolve this matter. 

l 
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Results and Discussion 

The results for the title reaction over LZ210-12, 

S(LZI2)8, and two separate experiments for Amberlyst-15 are 

given in Tables I-IV, respectively. All the data reported 

refers to steady-state conditions which was achieved after about 

1-2 hours and was stable for a long period of time (>4 hours). 

~lthough the conditions were not identical for the various 

experiments, Tables I and IV and Tables II and III are 

sufficiently similar to make general comparisons. 

All catalyst exhibited significant conversion of methanol 

and sufficiently high se];ectivity to MTBE for accurate 

measurement. In addition to MTBE, dimethyl ether (DME), some 

higher alcohols, and hydrocarbons were also observed. In%all 

cases the isobutylene dimer (C 8 hydr0ca~bon) was': the most 

significant byproduct. In one case (Table :IV) it was the 

principal product. Surprisingly, MTBE selectivity was 

significantly lower for the Amberlyst'15 catalyst showing a 

clear advantage to using H-Y zeolites in the reaction. Dimethyl 

ether was only found to be a significant side product in the 

reaction over Amberlyst~lS. There also appears to be a small 

difference in the total methanol conversion, again favoring the 

zeolites, however due to the differences in conditions a 
L 

definite conclusion is not possible. 

It is impossible at this point to make any conclusions 

relating the acid strength of the zeolites to the reaction, as 

we do not have sufficient data. The zeolites appear to be very 

stable at this temperature (100°C) and exhibit higher 

selectivity to MTBE than the Amberlyst-15 resin. In futurework 

we plan to compare various HY zeolites with different acidities 

at the same conditions in order t~ evaluate the effects of 

acidity in selectivity and ~eactivation. We also plan to 

include other zeolites, such as ZSM-5, in the screening process. 
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TABLE I 

MTBE Synthesis over Zeolite LZ 210 12 

m = 250 mg T = i00 C 

He Flow Rate : 15 cc/min 

MeOH Flow Rate : 3 cc/min 

IB Flow Rate : 10 cc/min 

IB : MeOH Ratio : 3.0 

WHSV : 7.7 (gr/gr cat.*h) 

Total Me0H Conversion : 24.5% 

MeOH Conversion to MTBE : 41.8% o~ total 

Product Analysis (mol%): 

Hydrocarbons : 

Cl 0.23 

c2 0.1 

C3 0 . 0 5  

C5 2.46 

C6 0.16 

C7 -- 

Dimer 13.72 

Oxygenates : 

DME -- 

t -Bu0H -- 

Pentano i s 12.58 

MTBE 70.9 

/ 
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TABLE II 

MTBE Synthesis over Zeolite S(LZ 12)8 

m = I00 mg T = i00 C 

He Flow Rate : 15 cc/min 

MeOH Flow Rate : 3 cc/min 

IB Flow Rate : 6 cc/min 

IB : MeOH Ratio : 2.0 

WHSV : 13.2 (gr/gr cat.*h) 

Total MeOH Conversion : 17 8% 

MeOH Conversion to MTBE : 70.2% of total 

Product Analysis (tool%) : 

Hydrocarbons : 

Cl 

C2 

C3 

cs 
C6 

C7 

C8 

Dimer 

0.87 

0.51 

0.18 

I. 54 

0.54 

0 . 7 7  

24.41 

Oxygenates : 

DME 

t-BuOH 

Pentanols 

MTBE 

O- 34 

0 . 4 3  

1 . 3 1  

69.1 
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TABLE If! 

MTBE Synthesis over Amberlyst 15 Resin 

m = I00 mg T = i00 C 

He Flow Rate : 24 cc/min 

MeOH Flow Rate : 4 cc/min 

IB Flow Rate : 9 cc/min 

IB : MeOH Ratio : 1.0 

WHSV:: 19.5 (gr/gr cat.*h) 

Total MeOH Conversion : 6.9% 

MeOH Conversion to MTBE : 62.3% of total 

Produot Analysis (mol%): 

Hydrocarbons : 

Cl 

C2 

C3 

C5 

C6 

C7 

C8 

Dimer 

0.24 

0.13 
~ m  

0.4B 

4.65 

34.66 

Oxygenates : 

DM~ 

t-BuOH 

Pentanols 

DITBE 

17.13 

0.26 

0.42 

41.32 
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TABLE IV :'" 

MTBE Synthesis over 'Amberlyst 15 Resin 

m = 250 mg T = i00 C 

He Flow Rate : 30 cc/min 

MeOH Flow Rate : 5 cc/min 

IB Flow Rate : i0 cc/min 

ZB : MeOH Ratio : 2.0 

WHSV : 9 (gr/gr cat.*h) 

Total MeOH Conversion : 19.2% 

MeOH Conversion to MTBE : 27.0% of total :" 

Product Analysis (mo1%) : 

Hydrocarbons 

Cl 

C2 

c3 
C5 

C6 

C7 

C8 

0.2 

0.i 
- - m  

3.4 

0.9 
D M  

61.1 

Oxygenates : 

DME 

t-BuOH 

Pentanols 

MTBE 

20.3 

0.4 

3.4 

10.6 
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SYNT~RSTS OF MTBE BY INCORPORATION QF ISOB%VgYLENE DURTNG ALCOHOL 

SYNTHES~S 

Introduction 

~0ne of the schemes proposed for the direct synthesis of 

MTBE from syngas involves the incorporation of isobutylene 

during methanol synthesis from syngas. Because the reation of 

methanol and isobutylene to MTBE is thermodynamically l•imited at 

high temperatures, we have concentrated our work in low 

temperature methanol synthesis catalysts. Last quarter ' s 

Technical Report described the synthesis of ~ methanol .... at ~ 

180-250°C with high selectivity using a catalyst consisting of 

1.5 wt% Rh, an equimolar concentration Of Mo, and a silica 

support. ~ ~ 

These S~me Rh-Mo/SiO~ catalysts have been studied for 

their ability to~incorporate isobutylene, and thus form MTBE, 

during CO hydrogenation. The use of ~this catalyst coupled wit~ 
• ::. ,. 

an acidic zeolite catalyst to provide the traditional 

MTBE-synthesis acid sites was also studied. 

Experimental 

"~ 

The preparation of the Rh-Mo/SiO 2 cataiysts and the 

LZ-210-12 zeolite were described in our Second Quarter ' s 

Technical Report. The •general operating conditions for methanol 

synthesis were also detailed in that report. 

For the ' isobutylene addition experiments, a high pressure 

saturator was added to the reactor system to provide a means of 

delivering a constant concentration of isobutylene. Before 

filling the saturator with isobutylene it was first purged with 

helium and then evacuated. The isobutylene tank was inverted 

and liquid isobutylene was transferred ,directly into the,, 

saturator. The isobutylene was added to the}~re'actzng mixture by 
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flowing a constant amount of helium through the saturator and 

then passing this gas stream through a de-mister in order to 

avoid liquid carry-over. The saturator was maintained at room 

temperature resulting in a nominal isobutylene partial pressure 

of 2.6 atm. and a H2:CO:i-Butylene ratio of I:i~0.8.'!/ A number 
l 

of problems were discovered in the course of these experiments 

and these will be detailed later. " 

%, ~.J 

Results 

In last quarter's Technical Report the hydrogenation of CO 

over Rh-Mo/SiO 2 catalysts was detailed. The reaction was 

carried out at temperatures ranging from 180 to 2500C and 

pressures of 1 and 8 atm. In all cases selectivity towards 

alcohols, particularly methanol, were found to be quite high, 

i.e. between 70 and 90% of the oxygenates. Tables V and VI 

summarize the results of these reactions which have already been 

reported. Note that in all these experiments "NO MTBE WAS 

FORMED. : : : 

Since the reaction of isobutylene and methanol to form 

MTBE requires initiatiDn by acid sites, a composite catalyst bed 

was also studied. The dual bed consisted of 0.5 g of the 

Rh-Mo/SiO 2 catalysts and an equal amount of of the H-Y ~zeolite 

LZ-210-12 described in last quarter's Technical Report. Prior 

to reaction the zeolite catalyst wasconverted from the ammonium 

form to the proton form by heating in "~" flowing hydrogen at 

2°C/min to 300°C and maintaining it at that temperature for 

approximately 16 hours. This pretreatment also accomplished the 

reduction of_the Rh catalyst. The pr6duct distribution for the9 

8 atm. run is presented in Table VII. The productdistribution 

is significantly different over this catalyst formulation than 
,$ 

over the Rh-Mo/Si02, particularly with {espe6t < to the 

increased selectivity for oxygenates and the higher yield of 

methanoi at 200°C. It should be noted that the overall CO 

conversion rate is not markedly changed by addition of ~he 

zeolite. Also, note that NO MTBE was detected. 
-ii u 
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TABLE V 

Reaction of syngas over 1.5% Ri~=Mo/SiO 2 

H2/C0=I.0 , 1 atm. 

Temperature, °C 200 230 250 

CO Conversion, % 

Rate, mol/g h 

SELECTIVITIES 

Hydrocarbons 

Oxygenates 

0.26 

0 .DI5 

47.6 

52.4 

0.61 

0 . 0 3 4  

70.6, 

29.4 

0.75 

0.042 

86.9 

13 .I 

OXYGENATES 

/-" Methanol 

Ethanol 

Acetaldehyde 

84.5 

4.0 

14.2 

81.i 

9.8 

5.6 

68.0 

25.4 

6.6 
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TABLE VI 

Reaction of syngas over 1.5% Rh-Mo/SiO 2 

H2/CO=I.0 , 8 atm. 

Temperature, °c 200 230 " 

co Conversion, % 0.53 2.25 2.75 

Rate, mol/g h 

SELECTIVITIES 

Hydrocarbons 

Oxygenates 
<: 

oxYGENATES 

0.029 0 . 0 9 8  

26.1 44.1 

73.9 ss.9 

0.15 

5 5 . 0  

4 5 . 0  

Methanol 

Ethanol 

Aoetaldehyde 

91.8 

8.2 

0 

89.4 

10.6 

0 

82.8 

15.5 

1.6 

- ° .  , 

° 
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TABLE VII 

Reaction of syngas over 1.5% Rh-Mo~SiO 2 + H-Y zeolite 

H 2 / C O = I . 0  , 8 a t m .  

Temperature,°C 200 220 

CO Conversion,~% 0.49 1.84 

Rate, mo]/g h 0.032 0.103 

SE C :VITIES 

r, u 

Hydrocarbons~ ii -: 35.5 

Oxygenates 89 64.5 

L, 

OXYGENATES 

Methanol ~:99.4 72.7 

: Ethanol 0.6 -~ 20.8 

Acetaldehyde 0 6.5 

j.: 

r. 
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Isobutylene was added to the syngas over the Rh-Mo/SiO 2 

catalysts at 1 and 8 atm. and temperatures between 180 and 

250°C' Zn no case was MTBE observed in the products. In 

contrast, when isobutylene was added to the reaction mixture 

using the combination catalyst consisting of Rh-Mo/SiO 2 and 

H-Y zeolite, AN APPRECIABLE AMOUNT OF MTBE WAS PRODUCED. 

Unfortunately, there were a number of experimental difficulties 

which led to fluctuations in the exact amount of isobutylene 

~ which was mixed with the syngas. This made reproducibility 

nearly impossible and affected the conversion and selectivity 

calculations. For this reason these numbers are not reported at 

this time. However, even these preliminary experiments resulted 

in a number of definite observations which can be reported: 

* The product distribution for the composite catalyst was 

quite different than that for the Rh-Mo/SiO 2 catalyst 

alone. The former being much more selective for 

oxygenates, particularly methanol. 

= * Addition of isobutylene during methanol synthesis over 

" the Rh-Mo catalyst alone did not result in the 

formation of measurable amounts of MTBE. 

* Addition of isobutylene during methanol synthesis over 

the composite catalyst bed resulted in the formation of 

appreciable amounts of MTBE. In addition, significant 

i! amounts of C8 hydrocarbons and other yet unidentified 

heavy products were also formed. 

Problems encount@red 

There have been a number of experimental problems 

encountered mainly related to the introduction of isobutylene. 

~sobutylene tended to condense in dead spaces within the reactor 

lines even when these lines were heated. This resulted in a 

continuous background containing isobutylene • even for 
%, 
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experiments in which no isobutylene was desired. This problem 

has now been solved by relocating the -isobutylene injection 

point and changing the location of the pressure transducer and 

the pressure relief valve. 

WORK PLAy, NED FOR NEXT REPORTING PERIOD 

We expect to complete the gas-phase evaluation of the acid 

catalysts as well as have identified several candidates for the 

SBCR work. The SBCR should be operational. 

-16- 



I -  ;~  
~ )  " =  

v) 0 

i l l , -  ~ U~ 

w ~ = L .  w 
O ~ O  J, 

| m m  ~1~ Wlif 

_ o  O , -  ~ 

e~ ;w i , ,  g - j  
---~ ~ Im • ~ ~ , ~ .  

E 
- ( .1'0 ~- , 

8 .-- _m , . s , .  
m e - E -  :: 

- 

= ~ , =  

• • 

Reproduced by 
National Technical Information Service 
Springfield, VA 22161 

This report was printed specifically for your order • 
from nearly 3 million titles available in our collection. 

For economy and efficiency, NTIS does not maintain Stock of its 
vast collection of technical reports. Rather, most documents are 
custom reproduced for each order. Documents that are not in 
electronic format are reproduced from master archival copies 
and are the best possible reproductions available. 
Occasionally, older master materials may reproduce portions of 
documents that are not fully legible. If you have questions 
concerning this document or any order you have placed with 
NTIS, please call our Customer Service Department at (703) 
605-6050. 

About  NTIS 

NTIS collects scientific, technical, engineering, and related 
business information - then organizes, maintains, and 
disseminates that information in a variety of formats - including 
electronic download, online access, CD-ROM, magnetic tape, 
diskette, multimedia, microfiche and paper. 

The NTIS collection of nearly 3 million titles includes reports 
describing research conducted or sponsored by federal 
agencies and their contractors; statistical and business • 
information; U.S. military publications; multimedia training 
products; computer software and electronic databases 
developed by federal agencies; and technical reports prepared 
by research organizations worldwide. 

For more information about NTIS, visit our Web site at 
http:llwww.ntis.qov. 

E n s u r i n g  P e r m a n e n t ,  E a s y  A c c e s s  t o  
U .S .  G o v e r n m e n t  I n f o r m a t i o n  A s s e t s  



~ o~ 

U.S. DEPARTMENT OF COMMERCE 
Technology Adminish'ation 

' National Technical Information Service 
Springfield, VA 22161 (703) 605-6000 


