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ABSTRACT

OBJECTIVE

This prget ams a the devdopment of cadyds and processes for high celane ehees from
precursor  doohol mixtures gyntheszed from H,/CO synthess gas The fdlowing three gpedific
tasks have been defined:

C

Prepardion and teting of 0lid add cadyds for eher gynthess  This task involves
preparaion of drongly addic tungdenalzirconia cadyds and optimization of the surface
concentration of the cadytic add groups. Further cadys devdopment entals anchored
fluorocarbon aulfonic acdd cadyds  Reaction dudies involve conveson of dcohols to
unsymmerica high cetane ethers using continuous flow gas- phase reactor systems.

Reaction mechanians and kingics  This tak involves delemination of reaction rdes as
a function of opeaaing vaiddes primaily reection pressure tempeaaure and molar
ratio of reactants.

Charatterization for ingght into cadys optimizaion. The soid add centers invaved in
the cadytic reation ae aubect to quatitaive andyds of thar concentraions and
drengths through a combindion of suface aea messurements X-ray powder diffraction,
optical gpectsoopy, and high resolution X-ray photoe ectron spectroscopy.



ACCOMPLISHMENTSTO DATE

A tungdena-zirconia cadyd, paetted by Mobil Technology Co. for padfin isomerization, hes
been examined in this proect for dcohol dehydrocondensation and dehydraion reections.  The
mixtue of isobutand and mehend convets over this lid add cadys to the unsymmerica
eher  mehylisobutylether  (MIBE), dimethyleher (DME), axd & higher tempeaures to
isobutene (IB) and smdler amounts of isooctene The ehe-forming reections obey kingtic laws
congdent with a two-dte caadyss wheeby the precursor doohols ae adsorbed on proximd
add dtes  Adsorption of pyridne axd other amines folowed by N 1s X-ray photodectron
soectroscopy (XPS) andyds reveded ca 10-12% drong Brended add surface functiondities
Quantitative XPS andyds of the W/Zr raio demondrated a complete digperson of WO; on the
zroonia suface Opticd  diffuse reflectance dudies indicate that tungdena and sulfate  dopants
anchor to the ziroconia suface & hydroxyl dtes and change the dectronic naure of the catdys.
While the ectivaion energies for patid processes to fom MIBE, DME, and IB over the doped
zZirconia cadyds wee gmilar to those over ealier dudied NafionH, the later cadys
produced superior retes particularly for MIBE formation.

The sodum <t of the glycddieter of aulfuric add hes been syntheszed for us by an indudrid
compay, ad we hae repaced the sodum by ammonium ion usng an ion exchange column
and anchored the complex to the surface of zirconia XPS and optical gpectroscopy andyses to
verify the successful synthesis of this catdyst precursor are baing carried out before testing.

A theoreticd dudy locdized the trangtion dae of the reectants via a dud-gte §2 mechenian
on the cadyds dudied hee A remakable fedure of this mechaniam is a concated trander of
the mehyl group from adsorbed methanodl to the oxygen of adsorbed isobutanol, and of three
protons between the doohols surface add gStes and leaving waer molecule Computaions
indicate tha the aulfaed zroonia is a dightly dronger add than CRSO;H (a modd for Nafion
H) by 1314 kcd/md. However, the supeior activity of NafionH is dtributed to the
flexibility of the dructure and ardativey high concentration of its sulfonic add groups

S GNIFICANCE TO FOSSL ENERGY PROGRAMS

Oxyenated diesd fuds ae of importance to both environmentd compliance and eficency of
ded egnes  Ungymmericd ethas with one light akyl originging from aundant  sources
such as mehand or ehand and one heavy dkyl such as isobutyl, obtaingble from isobutanal
produced from naturd gesderived H,/CO synthess gas or isobutene deived from petroleum,
haveided cetane and vapor properties for immediate use in diesd- powered engines.

PLANSFOR THE COMING YEAR

Futher improvement of the drong add tungdenazirconia and aulfated zirconia catdyss will be
ought by maximizing the concantraion of proximd dud add gtes through anchoring of glyod
edter precursors of tunggtic acid and sulfuric acid on zirconiafollowed by hydrolyss
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