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D I S ~  

T h i s  r e p o r t  i s  a n  a c c o u n t  o f  work  s p o n s o r e d  b y  t h e  ~ c e d  S t a t e s  
Gove~mmenc. N e i t h e r  t h e  U n i t e d  S c a r e s  n o r  a n y  a4~en ~ t i ~ r e o f ,  ~ o r  a n y  o f  
c h e L r  e m p l o y e e s ,  m a k e s  a n y  wax~ancy ,  e x p r e s s e d  o r  i m p l i e d ,  o r  a s summs may 
l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  o r  
u s e f ~ n l s s  o f  a n y  i n f o x z a c l o n ,  a p p a r a t u s ,  p r o d u c e ,  o r  p r o c e s s  d i s c l o s e d ,  
o r  r e p r e s e n t s  c h a t  i t s  u s e  would  noc  i n f r i n g e  p r i v a t e l y  owned r / ~ h c s .  
R e f e r e n c e  h e r e £ n  co  a n y  s p e c ~ £ c  c o m m e r c i a l  p z o d u c c ,  p r o c e s s  o r  s e r v i c o  b y  
t r a d e  name,  m a r k ,  m a n u f a c t u r e r ,  o r  o t h e r w i s e ,  d o e s  n o c  n e c e s s a r i l y  
c o n s t i t u t e  o r  i m p l y  i t s  e n d o r s e m e n t ,  r e c o ~ l a L - l o n ,  o r  f a v o r i n g  b y  t h e  
U n i t e d  S t a t e s  G o v e r n m e n t  o r  a n -  a g e n c y  t h e r e o f .  The  v i e w s  a n d  o p i n i o n s  o f  
t h e  a u t h o r s  e x p r e s s e d  h e r e i n  do noC n e c e s s a r i l y  s t a t e  o r  r e f l e c t  c h o s e  o f  
t h e  U n i t e d  S t a t e s  G o v e r n m e n t  o r  a n y  a g e n c y  t h e r e o f .  

TECHNICAL STATUS 

T h i s  ~ e c l x ~ c a l  s t a t u s  r e p o ~ c  Ls b e i n g  C r a n s s ~ C t o d  i n  advanc~  o f  DOE 
r e v i e w ,  and  no f u r t h e r  d ~ s ~ t i o n  o r  p u b l £ c a c ~ o n  ~ 1 1  b e  made  o f  
r e p o r u  ~riuhouc p r i o r  a p p r o v a l  o f  t h e  DOE l ~ o J e c t /  F r o ~ a m  ~ g e x .  

.o 
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~_-x ~:~tr.t-£v~ SEMMARY 

Amoco Oil Company, under a conurac~ wi~h the United Scares DeparCmenu of 
Energy, is investigating a selective ca~alyEic era~king process to conver~ 
=he Fische.-Tropsch gasoline and wax fractions to high value 
transporcanion fuels. This repor~ describes uhe work in =he firs= 
quarter, fiscal year, 1995, ~he sixth quarter of r/~e two year projecn. 

Task 1, F c o j e c c  Management P l a n .  The p l a n  has  been  a c c e p t e d  by nhe 
P r o j e c t  Manager DOE/PETC. T h i s  r e p o r t  c o n r a i n s  nhe mosn c u r r e n c  and 
accurate i n f o r m a t i o n  and projections of t he  scope of work, schedules, 
milestones, srmfflng/manpower plan and c o s ~ .  

Task 2, ~reparau£on of Yeedscocks and Equipment Calibration. The york in 
rJ~is area is complete. The wax feedsnock for this proEram, a commercial 
sample of Fischer-Tropsch produce from Sasol, is a high melting 
point, (>220"F), high boiling range (50% boillng above 1000"F), largely 
paraffinic laterial. 

Task 3, Canaly~ic Cracking Catalyst Screening Program. The wax feedstock 
readily converts 6vet conventional fluid catalytic cracking (FCC) 
ca~alyscs (85%+ conversion) no high yields of G a- gas (high in propylene 
and C~ oleflns) and gasollne (Cs-430°F). The HZS~-5 zeol£~e catalyst has 
the highest Isobu~ylene and isoamylenes yields among the c~alysts t e s t e d  
to dane. However, uhe producuion of propylene is coo high. A series of 
five sequential MI~ wax cracking rests on the same coked HZSM-5 catalyst 
show ~ha~ the wax conversion declines from -80% ~o -65%. However, there 
are only small changes in produc~ selecrivir~es as a funcnion of coke 
deposiclon. The wax cracking ues~s of a series of low zeolite (Sara and 
y) Ca~LlySrS show that conversion decreases with ~he lower zeolite levels, 
as expecned. There is considerable scan~er in the conversion values nha~ 
amy s~es~ a f e e d s t o c k  b y p a s s i n g  problem winh the fixed bed unit. The 
]4ne car~alysc and a matrix only sample have higher ~sohut-~lene yields r_ha~ 
the Y zeollue sample. 

Task A, P~loc Plant Tesr_~. There was no activit-y in This area during ~is 
~ar~ez. 

Task ~, F r e p a r a t i o n  o f  Cs-C s E t h e r s .  A new e t h e r  s y n n h e s £ s  n e s t  u n i t  was 
commiss ioned f o r  t h i s  s e c t i o n  o f  =he p r o j e c t .  The p r o j e c t  p l a n  w i l l  be  
m o d i f i e d  t o  e l i m i n a t e  ~he a l c o h o l  s y n t h e s i s  p o r t i o n  o f  t h i s  vmsk. The 
primary feedstocks for ~ese ev/~erificacion runs are ~he lish~ naphnhas 
obra/ned from =he pilon plant c a u a l y u f c  crackin 8 runs wi~h =he Fischer- 
Tropsch w~c. The initial runs with an Amberlyst 15 e~herification 
=analyse and a light naphnha (200"F- fraction) show variable (30-90%) 
c o n v e r s i o n  of ~he reactive G s - C6 isoolefins no ethers. The reacu$on 
producr .s  from these  r uns  have  a siEnificant yellow color. This could be a 
s e r i o u s  product quali~y issue. 

The catalytic cracking test results from bob =he small scale ~es= unin 
and t h e  p i l o u  p l a n t  i n d i c a t e  t h a t  t h e  wax f e e d s = o c k  r e a d i l y  conve r t s  t o  
Ca- gas  and g a s o l i n e .  These t e s n s  s u ~ e s n  rhac  v e r y  m i l d  p roces s  
c o n d i n i o n s  and l o w - a c t i v i u y  c a ~ a l y s c s  a re  needed  t o  lower  ~he o v e r a l l  wax 
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convers ion.  The ta rge t  li~hc olefin y i e l d s  vary ~1ch c a t a l y s t  type  and 
the process cond i t i ons .  

BACKGROUND 

Fischer-Tropsch (F-T) synthesis  ceclmoloEy produces l i qu£d  hydrocarbons  
from synuhes l s  gas (hydrogen and carbon  Donox£de) derived from :he 
g a s i f i c a t i o n  o f  coa l .  Domestic supp l i es  o f  bo~h h igh-  and low-  rank coals 
are e x t e n s i v e  and r e p r e s e n t  a straceg:Lc resotn'ce Co s = p p l e ~ n =  dw4~a14~_ 
petroleum reserves. The Fischer-Tropsch nechnology has been practlced 
co~ercially at Sasol in Souch Africa since the mld-1950°s. The P-T 
l i q u i d  produce  cons is ts  o f  a b road  range  o f  no r sa l  p a r a f f i n s  (Cs-Cs0) and 
a small quantity of oxygenates and olefins. The gaso l ine  range 
product fraculon conslsus of linear paraffins and oleflns of low octane 
number. The disCillane fraction, C:2-Cas, is an excellent quality fu~l. 
The largest produce fraculon, C~+, is primarily wax and £s useless as s 
cransporcauion fuel. There are many studies on the up~radln~ of chase ¥-T 
liquids. These produc~s are further created by conven t iona l  peCrolmm 
p r o c e s s e s ,  such as  hydzocre~cing,  r e fo rming  and c a t a l y t i c  c r a c k i a ~  Co 
produce convenC/onal gasol ine and (Lisc£Llate fue ls .  Theze are no xeporced 
s t u d i e s  o f  the c a t a l y t i c  crack ing  p r o c e s s i n g  o f  F-T l i q u i d s  Co produce C:- 
C 8 olefins as feedstocks for the synChesls of  ~asoline range ethers and 
alcohols. This is the primary focus of chls project. 

Fuel oxygena tes ,  p a r t i c u l a r l y  a l c o h o l s  and e the r s ,  r e p r e s e n t  a p o t e n t i a l  
s o l u t i o n  co exn~_zonmencal concerns  due Co coDven~Lonal ~uY~ao~Lve f u e l s .  
C o v e r ~ e n u a l  r e g u l a t i o n s ,  mosc r e c e n u l y  i n  uhe Clean A i r  Ace Amendments o f  
November, 1990, have resulted in the  phase-out of lead a d d l e / y e s ,  iowerE~g 
of uhe Reid vapor pressure of gasoline and in some geograph ica l  areas, the 
mandated use of oxygenates. Recent studies of mev.hyl Eer~lary butyl eq~her 
(M:I3E) and c e r c / a r y  amyl methyl  e t h e r  (TAME) s u r e s t  chac t h e s e  compoumds 
may reduce aucoe~cive  c a r ~ n  monoxide emiss ions ,  have h igh  b l e n d i ~  
Sasol ine ocuane ra t i ngs ,  E+M/2, (W~RE-IOS, TAME-102) and have lov  Reid 
vapor pressure.  These eEhers are produced c ~ e r c i a l l y  by: ~he 
e~her i f i cau ion  o f  ~he appropr ia :e o l e f i n  by ae=hanol (Y~BE. isobuEylene; 
TAKE, tsoamylenes).  These o l e f i n s  are der ived from convent iona l  petroleum 
p r o c e s s e s  such as catalytic c r a c k i n g  or  s team/thermal  r e fo rming .  

There is a growing need for alnernauive sources of olefins for ochers and 
a l coho l s  synnheses  as demand for rhe~e m a t e r ~ l s  escalaues beyond ~he 
capacity of conventional peCroleua processes. This project addresses ch£s 
requiremenu for an alcernac/ve olefin feedsuock for oxygenate synchesls. 

PROGRAM OBJECTIVES 

The o b j e c t i v e  o f  ~his program i s  t o  p r e p u a  h igh-va lue  ~ a n s p o r ~ a c i o n  
fuels, £ncluding gasoline, d/stillate, and gasoline range ethers ,and 
a l coho l s  from non-peuroleum r e s o u r c e s .  A s e l e c t i v e  =a r~a l~ ic  c r ack ix~  
process of Fischer-Tropsch liquids is proposed. The Ca-Ca pro~ucc olefins 
would then be echerified with methanol co prepare the carge~ ethers. 
Alcohols will be produced by direct hydrauion of ~-~ producn olefins. 
The ~oline and disuillate produces are also expected co be superior co 
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c o n v e n t i o n a l  f u e l s  b e c a u s e  of t h e  u n i q u e  c o m b i n a t i o n  catalysts Co be  u s e d  
i n  t h i s  p rocess .  

PROJECT DESCRIPTION 

A two y e a r ,  m u l t i - c a s k  program w i l l  b e  u s e d  t o  accompl i sh  t h e  o b j e c t i v e  Co 
develop a s e l e c c j . v e  catalytic cracking process to produce premium 
transportation fuels, including ethers and alcohols from Fischer-Tropsch 
gasol£ne and wax products. 

Task i. - -  Project Management Plan. A plan will be  p r e p a r e d  which 
d e s c r i b e s  t h e  work t o  be done,  milestones, and manpower and c o s t  
requirements. 

Task 2. -- Preparation of Feedstocks and Equipment Calibration. Suitable 
m i x t u r e s  of ¥£scher-Tropsch waxes (C18+) and lisht clefin components (C s- 
Clz ) will be  prepared co simulate full range ]~-T liquids wichou~ the 
pr-m~um distillate products. The necessary analytical equ£pment will be 
calibrated for the detailed identification of C,-C s oleflns and ethers and 
ocher paraffin, aromatic and naphChene gasoline range components. 

Task 3. -- Catalytic Crackiu S Catalyst Scree~ng ProEram. Various zeolite 
caTs lysCs  and p r o c e s s  variables %-111 be  s t u d i e d  w i t h  small scale test 
equ/pment. 

Task &. - -  P i l o t  P l a n t  T e s t s  o f  t h e  O p t i m / z e d  C a t a l y s t  and P r o c e s s .  The 
o p t i m i z e d  p r o c e s s  w i l l  he  t e s t e d  on a p i l o t  p l a n t  s c a l e .  The t a r g e t  l i E h c  
olefin producTs, gasoline and distilla~e products will be produced in 
sufficienu quantities for complete characterization. 

Task 5. -- Preparation of C5-C 8 Ethers and Cs-C 8 Alcohols. These products 
will be prepared from the pilot plant C3-C s olefin products. 

Task  6. - -  E v a l u a t i o n  o f  Gaso l ine  B l e n d i n g  P r o p e r t i e s  o f  E=hers a n d  
Alcoho l  ProducTs .  The g a s o l i n e  b l e n d i u g  p r o p e r t i e s  o f  r.he p r o d u c t  e t h e r s  
and a l c o h o l s  w i l l  be  measured .  The p r o p e r t i e s  o f  t he  d i s t i l l a t e  p r o d u c t s  
w i l l  a l s o  be e v a l u a t e d .  

Task 7. -- Scoping Econom/c Evaluation of the Proposed Processes. An 
economic analysis of the proposed process will be compared with 
conventional petroleum processes and ether and alcohol synthesis routes. 

The DOE reporcinE requirements for th£s contract ~ilI be followed in all 
cases. This includes all project s~acus, milestone schedule, and cost 
management reports. A final detailed project report will be submitted 
upon c o m p l e t i o n  o f  t h e  c o n t r a c t .  

R.KSUi.TS AND DISCESSION 

During chls quarter, project acclvities center on Tasks 3 and 5 of the 
conEract. 
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TASK i. F r o j e c T  Management Plan. 

The d r a f t  F r o j e c T  P.~nagemenC P l a n  has  been  a c c e p t e d  by  t h e  P r o ~ a m  ManaKer 
aC DOE/TETC. Th i s  c o m p l e t e s  Task  1 o f  t he  c o n t r a c t .  T h i s  document 
c o n t a i n s  t he  most  c u r r e n t  and  a c c u r a t e  ~Lformacion  and p r o J e c t £ o ~ s  o f  t h e  
s c o p e  o f  work, s c h e d u l e s ,  m i l e s c o n e s , s c a f f i n K / m a n p o w e r  p l a n  add c o s t s .  
T h i s  p l a n  conua / n s  : h e  f o l l o w i n  8 s e c t i o n s :  

- -  Management Plan 
-- Technical Plan 
-- ~ / l e s t o n e  Schedule/Mautoower Plan 
-- Cos t  Plan 
-- Nor.ice of Energy RD&D Frojecc 

The t e c h n i c a l  app roach  b u i l d s  f rom sma l l  s c a l e  c a s t s  o f  t h e  s e l e c t i v e  
c r a c k i n g  c o n c e p t  t o  p i l o t  p l a n t  s c a l e  v e r i f i c a t i o n  o f  p r o d u c t  y i e l d s .  The 
s c r e e n i n g  t e s t  r e s u l t s  w i l l  s e r v e  as a p r e l i m i n a r y  m i l e s t o n e  o f  t h i s  
p r o c e s s  scheme. An a s s e s s m e n t  o f  p r o j e c t  d i r e c t i o n s ,  s cope  o f  work and 
objectives after this milestone will be appropriate. 

TASK 2. Feedstock CharacTerization. 

The wax f e e d s t o c k  has  b e e n  a n a l y z e d  by  v a r i o u s  a n a l ~ i c a l  toe'.hods. The 
b o i l i n g  p o i n t  and t h e  c a r b o n  number d i s c r t b u t £ o n s  o f  cho l a ~ s e l y  
paraff~nlc ~aTerlal are conslscenc w~uh l~terat~re r e p o r t s  of s imi la r  
~ischer-Tropsch samples. No further work in this Lrea is planned. 

3. S c r e e n i n g  Ca~ly1:ic Cracking TesTs .  

A c t i v i t i e s  under  Task 3 o f  t h e  c o n t r a c t  c o n t i n u e  on t h e  sma l l  s c a l e  t e s t  
u n i t ,  t h e  MYU (M/cro Y i e l d s  U n i t ) .  S e v e r a l  p i l o t  p l a n t  runs  o f  t he  
ca ta l y t i c  cracking of F£scher-Tropsch wax show very high conversion 
levels .  (>85-90q) In add / r i o t ,  the product o l e f i n  y ie lds  depend to a 
great extent upon the zeol£Ce component of ~he cracking catalyst. The 
HZSM-5 zeolite ca~alysr~ have ~he highest yields of the ~arKet olefins. 
T h e s e  p r o d u c t s  occu r  a t  ch~ expense  o f  K a s o l i n e  y i e l d .  The d e r a i l s  o f  
~hese runs have been presented in earlier reporr.u. The Monthly Technical 
$~auus Report for July, 1992, Report No. 17, discusses the evaluation of 
different ~ype.~ of HZSM-5 catalysts. These r e s t s  occur at the normal 
small scale (MYU) test condltlons, where the wax feedstock and c a ~ y s t  
contact occurs for 50 seconds. The test run e~ds wirJh catalyst and 
~rodunc recovery. The coke ylelds from :hese HZSM-5 catalysts are 
low (<0.2 wit). Coke deposition is • major contributor Co the rapid Obuc 
regenerable) catalyst deactivation in the flu/d car~/y~Ic crack£~ 
process. A ser£es of sequential MYU ~esEs on the same coked HZSM-5 
catalyst would evaluate :he effecr.u of coke depos£tlon on ~he act£viEy 
(wax conversion) and product selectivity of this catalyst. This Eype of 
i n f o r m a t i o n  may l e a d  uo a l t e r n a t i v e  wax p r o c e s s i n g  schemes .  The amount o f  
coke on regenerated catalyst can be controlled in a commercial FCC u~It by 
various methods. 

T h i s  s e q u e n t i a l  e x p e r i m e n t  i n v o l v e s  one HZSM-5 c a t a l y s t  sample (CCC-1891) 
and  f i v e  c o n s e c u c l v e  wax c o n n a c c  c r a c k i n g  r e s t s .  The c a t a l y s t  sample  
r e m a i n s  i n  the  r e a c t o r  and  t h e  coke d e t e r m i n a t i o n  o c c u r s  on ly  a f t e r  t h e  
f i n a l  wax c r a c k i n g  t e s t .  The t e s t  c o n d l u t o n s  o f  880"F,  0 . 2  c a t a l y s t - c o -  
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oil ratio and 50 seconds conuact u-line are the s~andard ones for previous 
MYE Car~LlySc evaluaclon. Figure 1 shows rhac wax conversion decreases 
wi~h each subsequent rest. This is expected due co the foulin~ of the 
active sites of the canalys~ with coke. This deaculvation curve can be 
modelled ~rluh a hyperbolic decay function of ~ime-on-st-ream. This 
formalism is described by B. Wojciechowski (1,2) for the deac~iva~£on of 
cracking caualysus. Two differenu measuremenns of conversion ("MYU" and 
"SD") occur  i n  YiEu~e 1. The MYU convers ion  va lue i s  -..he normal 
ca lcu laued va lue o f  convers ion :  the  sum o f  product  Ca- gas, gaso l i ne  and 
coke, ~ha~ has been used in earller MYE s~udies. None chac The MYE 
conversion value for Test No. 5 does no~ follow The conversion decrease 
and probaSly Is in error. However, The "SD" conversion values do decrease 
conclnuously wi~h ~est number. The "SD" conversion value comes from a GC 
s~ulaced distiller/on of the liqu/d produc~s. BoTh methods are 
acceptable and have various positive and negan~ve features. The "SD" 
meuh~d also presenus a compleue weight versus boiling point breakdown of 
uhe liquld prod=ct: above the  gasoline boiling range. This is u s e f u l  for 
~he ~etezzrLna~ion of distillate yields, another important ca~alynic 
crackln~ ~roduc t .  

Figure 2 ind/caces uhac the uwo convers£on calculation methods do noc have 
identical conversion numbers for nhe same five mul~iple HZSM-5 runs in 
• his study. There is a systematic offseu between ~he nwo sets of values. 
Further efforu will be required co resolve chest differences. 

Ic is of interest co compare the present results for ~he sequential or 
mul~Lple RZSM-5 cesus wiTh The historical values for the same or similar 
(ocher commercial t~/pes or repeated s~eamlngs of the same s~ar~ing 
material) RZSM-5 caualys~s. This is par~ of our on-going efforts at 
quality control and maintenance of MYU tesu precision. Figure 3 shows 
rhac ~he conversion value (80.2%) for Run ~i of The present multiple uesu 
is on the low side of nhe onher historical conversion values of M~U tests 
of HZSM-5 samples (88.2%,+/- A.7%). The comparison of wax conversion 
values among canalysns wi~h ~he MYU ~esE mus~ he done wiTh cauuion. 

Figures A-8 show the effects of the mulc£ple HZSM-5 wax cracking test run 
sequence on product selectivic£es. Each of the "multiple" run product 
yield points of ~he present study are plotted versus other "individual" 
HZSM-5 catalyst runs. In some cases, the producu (isohu~ylene, Figure 5; 
~oual C~+C,, Fisure 8) seleccivlcy differences between these Ewo ~ypes of 
tests for ~he HZSM-5 caualyscs are small. However, nhe "multiple" run 
tests do show lower 8asoline yields, Figure 7, lower isoamy!enes yields, 
Figure 6, and hiEher propyleue yields, Figure 4, than ~he individual tesE 
runs. The large differences beuween t he  isoamylene yields for Uhe two 
sees of ~ s C s  (Figure 6) sugges~ nha~ nhe "multiple" runs may have a 
sysuemauic error in this measurement. Further testing would 5e required 
to clearly d~suingulsh these effecus. However, These ~licial results show 
~hac coke deposition has a small impac~ on ~he wax cracking producu 
seleccivicies of r_he HZSH-5 catalyst. This effect may be unique co The 
HZSM-5 t~rpe zeolite catalyst due ro its medium pore geomeury. Ocher 
zeoliue catalysns may noc respond to coke deposition in the same way. 

The sc reen ln  8 o f  ocher z e o l i t e  samples f o r  c a t a l y t i c  c rack i ug  o f  F i sche r -  
Tropsch wax will c o n c i n u e .  
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Severa l  p£1ot  p l a n t  runs  o f  ube c a u a l y t i c  c rack~n~ o f  F l sche r -T ropsch  wax 
show very high conversion levels. C>85-90%) The der~ails of r/aese runs 
have been discussed in earlier reports. (see Quarterly Teclmical Scataas 
Reporns for nhe FLTsn and Second Quarter Fiscal Year, 1992, Report Nos. 10 
and 13) The type and amount o f  z e o l / t e  i n  t he  c a c a / y s t  hsve major  lmpa~ns 
upon ~he wax conve rs i on .  These h i g h  c o n v e r s i o n  l e v e l s  nay noc p r o v t d e  the  
opt imun l i g h t  o l e f i n  y i e l d s .  A s e r i e s  o f  FCC ca ta l~s~s  w i t h  low (-10%) 
z e o l i t e  c o n t e n t  s h o u l d  add re s s  t h i s  i s s u e  w i t h  lower c a t a l y s t  a c ~ v i c y .  
The d e r a i l s  of the preparation and ~-~_a~ characterization o f  r~hese 
samples are available in the September, 1992 Monthly Progress Repor t .  ~he 
wax conve rs ion  l e v e l s  and p roduc t  s e l e c t i v i t i e s  o f  nhese samples i n  the  
sma l l  sca le  c a t a l y t i c  c r a c k i n g  t e s t  u n i t ,  t h e  ~Y0, are under  s t u d y .  

The wax convers ion  l e v e l s  o f  the  f o u r  steamed c a t a l y s t  ( A0tY, 10%¥, 10% 
Beta and Mat%-ix on l y )  samples are a v a i l a b l e  at one s e t  of process 
conditions: a catalyst to oil ratio of 0.75 and reaction r~mperat%tres of 
970"F and 880"F. Fi~re 9 presencs the wax conversion levels as a 
function of ca~alys~ B.E.T. surface area. This measurement roughly 
corresponds to  the  z e o l i t e  con ten t ,  s ince  the  m a t r i x  o f  ~he f o u r  samples 
i s  the  same. The wax conve rs ion  l e v e l  does decrease w i t h  z e o l i t e  co t l t e~ t .  
The matrix only sa~ple has the lowest conversion values. ~ver, ~here 
is considerable scanter in the resul~s for each sample. This is 
especially true where the overall conversion level is below 70%. At ~he 
lower wax conversion levels, the fixed bed test unit may have feedstock 
channelling or bypassing probl~. These physical effects will influence 
the reproducibility of the test. FiEure 10 shows nhar the ~,o methods of 
conversion calculation are in reasonable a~reement. ~ issue of 
"Ca~Llyst activity" or  wax conversion level wlll r e q u ~ e  further s~'ua~. 

The product selectiviEy measurements from these MYU tests are also 
important to the full characterization of these canalTst samples. 
FiEures 11-20 show various product yields for uhe four catalyst saaqples as 
a function of overall wax conversion. In most cases, it is difficult to 
see c l e a r  t r e n d s  t h a t  would d i s t i n g u i s h  be tween  t h e s e  ca~.alys~.s. There  i s  
considerable scatter in the test resulr_s. FiEures 12, 14 and 16, rJhe 
yields of propylene, isobuuyleDe and isoamylenes, show a reasonable fit of 
all points (R = - 0.9), without reEard to sample type. Another facrar is 
that uhe lower zeolite content samples are Kenerally at a lower overall 
conversion than the higher zeolite content sample. Thls ~ a 
cons tan t  c o n v e r s i o n  compar ison between r~he samples.  The i sobucy leDe 
y i e l d s ,  F igures  13, 14, do sugEesu t h a t  the  Beua and M a t r i x  samples are  
more se lecu i ve  f o r  t h i s  ~arge~ o l e f i n  than r/~e Y z e o l i t e  samples.  
c o n c l u s i o n  i s  i n  l i n e  w i t h  p rev ious  ca~a lys~ t e s t i n  g r e s u l t s .  F u r t h e r  
~es~ing o f  these samples w i l l  he needed b e f o r e  p i l o t  p l a n t  =esc$. o f  
canalys~s are schedu led.  

Work under Task 5 of the contract is under way. The initial focus of rJals 
e~her synthesis activit 7 is to commission a new ~esr unlt. AE 109, a 
fixed bed, high pressure micro-unit, will he used in place of the laxser 
test unit, AU 6. The limited availability of the product naphthas frm 
pilot plant wax crackin 8 runs is the reason for this change from the 
project plan. In addition, the project plan will be modified to ellalt~ce 
the alcohol synuhesis portion of Task 5. This chanse reflects time a~d 
manpower cons traints. 
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The DOE COg w i l l  be uo~ . f i ed  separa te ly  r ega r~ng  uhe d e l e t i o n  o f  ub/s 
component of Task 5. relevant additional work shall be added to uhe 
project plan, in ~onsulnat_ion ~inh the DOE COE, to substitute uhe deleted 
portion of work in Task 5. Further, if such subsui~ution resul~s in a 
dec rease  in  ~oual p r o j e c t  cosus ,  Uhe DOE COg s h a l l  be  so  n o t i f i e d .  A 
b r i e f  r ev iew o f  the  e~her s y n t h e s i s  t a s k  o b j e c t i v e s  and e~her synnhes i s  
chemistry is desirable. Several uypes of e~hers are now co=mercially 
produced and used as E~sollne blendlng components. (3) Recent s~ud~es of 
meuhyl terclary butyl e~her (~E) and ~errlary amyl methyl ether (TAME) 
sussest nha~ ~hey nay reduce carbon monoxide au~omo~i~e emissions, have 
high blending octane ratings, R+M/2, (MTBE-108, TA)~- I02), and have low 
Raid vapor pressures, (MIBE-8-10, TAME-l). MI3E has a~Tacred ~he mos~ 
attenulon in recent years. The Erownh rate for MIBE production could 
reach 25t per year by 1995. (6,5) These ethers are synnheslzed by the 
reac~-lon of me~aanol wi~h a reactive olefin ~o form ~he corresponding 
~er~iary alkyl meuhyl e~her. This reac=ion is canalyzed hy acidic ion 
exchange resins at low ~emperanures (I00-200°~) and moderate pressures 
(100-400 PSIG). For M~BE, ~ reaction is: 

% 
Isobu~ylene me~:3~anol M~BE. 

TAME fezes by the reac t ion  o f  uhe isoamylene isomers, 2-Me~hyl- l-buuene 
and 2-Me~hyl-2-butene wi~h me~hanol: 

-G-CH + 3 ° a  

% 
! 

a% % 
isoamylene me~anol TAME 

These e t h e r i f f c a ~ i o n  r e a c t i o n s  were d i scove red  in  1907. (6) De~ai led  
ca~alysls studies of these reactions have only recently appeared in nhe 
sclenr~Lfic llreracure. (7) These reacuions are mildly exouherm~c and 
equilibrium limited. Ac low temperatn;res, ~e equilibrium is shifted Eo 
the right, and at high temperanures the equillbri~m is shifted to the 
left. The original study of these reactions by Snamprogetu~ workers (7) 
shows chat r.he ratio of e~herifica~ion rates for isohut-ylene and 
isoamylenes is 1.85. Both isoaerization and etherif~cation reactions are 
observed wi~h ~he ~wo reacui~e £soamylenas, 2-Me~hyl-l-bucene and 
2-Me~hyl-2-bu=ene. The o~her isomer, 3-Me~hyl-l-buuene is no~ reactive. 

There i s  less  in forma: lon i n  ~he open l i~e~at-ure about the e t h e r i f i c a ~ i o n  
r e a c t i o n s  o f  C6 o le f£us  ~.ha~ a re  a l s o  present: i n  s ign£f£can~ qua~ t i~ ie s  i n  
f l u i d  ca~al3rc~c cracking  p r o d u c t  naphthas .  The Enherol  p roce s s  (8) 
produces a mixed ether producu from C,-C7 reactive £so-olefins in 
naphthas. One reporu (9) provides s o~ l information about ~he reacuion of 
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C 6 i s o - o l e f i n s  ~ inh  met.hanoi Co produce the h~gher e-_hers, lf~E]E's, met:lbyl 
c ~  hexy l  e the rs .  Several  C 6 olef~Lns can react: v i t : h  zmuhazwl ~o 
produce r/u:ee differenC ~31ME e~hers: 

Scheme  I: 

+ CH30~ 

% 

2-Me~hyl-l-pen~ene methanol 2-.1~-..hyl-2-me eJ~oxypen1:m~e 

Or 
% 
I 

2-Methyl-2-pent:ene 

2,3-Dimeuhyl-l-t~rene 

Or 

% 
i 

2,3-D~ee~l-2-burene 

I 
% 



% 
I 

3-Meth~l-c is-2-pen~ene 

and 
3-Methyl-frets-2 -pent:ene 

or 

2-E~hyl-l-butene 
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÷ - % 

I 
~e-,.hanol CH.,-C-O-CE, 

CH2CH 3 
3-Methyl-3-menhoxypenuane 

The reactions of these C 6 olefins to the ~ ethers can con~bute 
siEn/flcanuly to the to~al ether yields from the ~CC napht:has. 
Since -~he reactions of isobutTlene and methanol uo form MTBE are well 
known, t h i s  process ~rill u~n be studied in this program. The focus of 

task will be to produce TAME and ~ e~hers from the l~ghu naphtha 
products of the pilot: plant wax cracking studies. 

A small, fixed bed unlc, AU-109, is in use for uh~e enhe~if£ca~/on 
studies. The initial test zuns involve the reaction of 2-Meuhyl-2-butane 
vi~h methanol to produce T&~E. F£gu~e 21 shows the comparison of TAME 
yields (conversion of ~sonmylene ro TAME: moles TAME out/moles isoamylene 
in*100) frm t h e  new uni t : ,  AU-109, with re~ul~ from the larger tin3.1:, 
AU-6. The rest conditions ere: variable t:emperat~;res, 200 I~IG unit: 
pressure, 0.66 WHSY (olefin) and 1.2 mole rat/O of menhanol/olefin. The 
caUaLl.yslr, for these runs is Amberlyst 15, a commercial e~herification 
catalyst:. There is good aEreement for. the e~her yields 5eEween T~e u~irs. 
The reaction t:emperarure is a major factor in ~his e~herif£cation 
react~Lon. 3~e sharp rise in TAME yield at: 150°F and ~he ~line at: 200°F 
suKgests ~ha~ equ~llbriua limitations exist at: these temperatures and 
reacnlo~ conditions. The maximum yields of ethers will occur at: ~hese 
equilibrium conditions. 

The primary feedstocks for these e~herifica~on studies are ~he ]/ght 
naphthas obtained from the pilot plant catalytic cracking runs with the 
Fischer-Tropsch wax. These deca/is of these runs are available in 
previous reports. (see Quarterly Technical S~a~us Reports, First and 
Second Quarters, Fiscal Year, 1992, Reporns Nos. 10 and 13) The liquid 
products from t~o p£1ou plant runs, 939-01 and 939-02, were combined and 
then distilled into ~hree fractions, 200°F -, 200-~30~, and &30oF+, 
accordin K to AS~M Method D-2892, an atmospheric dis~illarion procedure. 
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The vei~t percent of each fraction is listed below: 

F r a c t i o n  I d e n t i f i c a ~  ~n 
API GTavl t y  

Ee ' leh t  P e r c e n t  Recovery  la 60"F 

~I 200°F - 48.3 75.8  

#2 200-.A30°F 40 . 7 47 . 7 

#3 A30~F+ i0.3 23.8 

Sample Loss O. 7 

This liquid product represents a high (-93t) wax conversion run in the 
catalytic crackin 8 pilot plant. The Y fauJasite catalyst, used in these 
runs, does not yield the maximum olefin concentrations. However, 
sample is represennarive of the type of gasoline products from Fischer- 
Tropsch wax catalytic cracking. Figure 22 shows the slmulaEed 
distillation curves for the three samples. The fraction of major 
interest, 200°F-, has some material boilin E higher than 200"F, (12%), but 
is su/nable as an euherlfication feedstock. Table I presents tie der~£1ed 
composition of this light naphtha. The carbon number dls~ribu~/ons of the 
various hydrocarbon types center on C 6 for this particular naphtha. The 
reactive isoamylenes. 2-Methyl-2-burene and 2-Menhyl-l-bur~me for 
synnhesis and the reactive C 6 iso-olefins, 2-Merhyl-l-penr~ne, 2-~erhyl-2- 
pentene, 2,~-Dimenhyl-l-butene, and cis and ~rans 3-Me~hyl-2-pen~me for 
TRME s y n t h e s i s  a re  t h e  im[.~rr~nt  components .  T h i s  l i g h t  n a p h t h a  sample  
and menhanoi a r e  t h e  f e e d s t o c k  f o r  a new s e r i e s  o f  e t h e r i f i c a r / o n  r u n s  a t  
the same process conditions for the earlier 2-Menhyl-2-butene/meutumol 
resus. Due the limited availahillny of the gasoline, only two reaction 
temperat%ire$ are available. Table II shows the major product analyses of 
these light naphtha/methanol runs. Each run represen~ a weight ~alance 
period of at least 6 hours. The first sample at each temperao~re is • 
line-out period r .hat is ~ o t  representative of t h e  other three balances. 
There is good agreement in the product analyses for each r~s~ ¢o=~L~r.lon, 
except for the variability in ~he mer/~nol analyses. In addi~:fon,  the 
methanol and isobut-ylene components are not completely separated on r~he 
capillary GC col,-m. This situation does not allow for 1~e quann~ficat~on 
of the production of ~[rBE from the reaction of matha~ol and the mlnoz 
amount of iso~u~ylene in the naphtha sample. A s~ary of the conversion 
of the various C s and C 6 iso-olefins to their respecr/~e methyl etchers, 
Table IIl, shows that reaction temperature is a major factor in ~he 
etherificar/on react-lot. The decrease in =onversion w1~h the iDc~ease in 
the ea--hon number of r~e iso-olefLu agrees with other literature 
e~heriflcaulon s~udies. (7,9) Further a n a l y s e s  of these resulr.s will be 
ne e de d  Uo de~ermine r.he e x ~ n t  o f  o l e f i n  i s o m e r i z a ~ i o n ,  which  i s  a 
compet in~  reaction t o  etherification. 

The react.ion products from these runs have a significant yellow color, 
e s p e c i a l l y  a t  ~.he h i g h e r  r e a c t i o n  temperat~Lre o f  150°F. T h i s  c o l o r  i s  ~o~ 
present for the pure component 2-Methyl ~,atene-2 tests. It is llk~ly t]~a= 
polymerizarlon of olefins no C~0+ hydrocarbon "color bodies" is 
responsible for r/~e colored produn~.  The color of the ether pro&act could 
be a siEnificant product quali~y issue. Additional runs vluh a caualysE 
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t ha t  contains a hydrogenation metal component and hydrogen gas in "~he 
reactor may solve t.his problem. Another possible solution is ~o distill 
the etcher product to reaove the h igh molecular weight color 5odies. The 

ethers ~olI ~ the high end  of the product gasoline fraction and £~ 
is no~ clear whether such a separation is feasible. 

The blendin 8 oc~e numbers for several of these mixed eTher-gasollne 
frantions ~rill be de,ermined. Several additional eTherification process 
runs, especially with The hydrogenation catalyst and hydrogen gas co-feed, 
LTe also planned. 

CONCLUSIONS 

Task I of The contract, the Project Management Plan, and Task 2, Feedstock 
Characterization are complete. 

The catalytic cracking screening tests of ~he wax feedstock under Task 3 
(small scale) and the etherification of light naphtha fract-ions u~der 
Task 5 (pilot plant scale) of the contract are underway. 

A s e r i e s  o f  s e q u e n t i a l  wax c r a c k i n g  t e s t s  on t h e  s m a l l  s c a l e  MYU uniU w i t h  
t h e  RZSM-5 c a t a l y s t  shows nhac  wax c o n v e r s i o n  d e c r e a s e s  wi~h coke 
d e p o s i t i o n  b u t  p r o d u c t  s e l e c t i v i t y  changes  a r e  sma l l .  The wax c r a c k i n g  
tests of a series of low (-10%) zeolite FCC catalysts suE~est That wax 
conversion roughly correlates with zeolite content, as expected. The 
typical product selectivity trends for These samples are similar ro The 
more conventional FCC catalys~s with 35-40% zeolite levels. In rlL~s 
series of tests, The low zeolite 3erm and matrix only catalysts have 
higher olefin selectivity ~han the Y zeolite catalysts. 

The e~heriflcation studies of the liEht naphtha fractions from the pilot 
plant wax converslon runs indicate that The G~ and Cs isoolefins in ~he 
naphtha react with methanol to form ethers an ~idely different conversion 
levels, 30-90%. The ether product fraction from these rests have a yellow 
color. This color may be a product quality issue. 
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C6 
c= 
c6 
c7 
c= 

TABLE I. 

~ c a ~ o a  cozmoszzzoN oF 200"F-F~Z 'Ema~CT.ZON 
~ Z L O T ~ R O a S  939-01, 02 

T o t a l  Zso-~arafflns: 

c~ 

c, 

c, 

C6 

c= 
c~ 
C7 
c, 

T o r ~ L A r ~ t £ c s :  

ToTal Oleff~s: 

ToTal Naphthenes: 

C3 
C~ 
c= 
C6 
C7 
c, 

~.51 

We£ir, h l : t  

6 .69 

0.18 
0.93 
4.03  
1.45 
0.08 

/ ,2 .71 

0 .32  
3.77 

22 .94  
13.87 

1 .82  

1.74 

0.34 
1.33 
0.05 

3.96 

0.05 
1.23 
1.92 
0.75 

.01 
1.25 
8.71 

23.88 
10.36 

0.3 

- 1 9 -  

T o t a l  r a r a f f i n s :  

Eeac~Ive Zso-Oleffns, Wt% 

c= 
2-methyl-l-]~u1:ene: 1.25 
2-methyl-2-BuCene: 4.26 

C6 

2,3-dimer.hylbucene: O. 8 
2-me thyl-l-pencene: 2.35 
2-mer~ayl-2-penl;ene. 4. Ol 
3-mer~yl-~racs-2-p encene: 2.49 
3 -me~hyl-cis-2-p ent:ene: 3.98 
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TABL~ I I I  

~Ar CT~VE TSO-OLEFINS CONVERSION TO ETHERS 

Reaction Temperature 
(Averages of Three WeiEh~ Balance Tests--Table II Conditions) 

Iso-olefin Component 

C5 

2-Nenhyl-l-butene 
2-Mer.hyl-2-buceue 

C6 

2,3 Dlmechyl-l-bucene 
2-MeChyl-l-pencene 
2-Mechyl-2-pencene 
3 -Mechyl-cis -2 -pencene 
3 -Merhyl-crans-2-pen~ene 

125°~ 

85.4 
29.9 

56.5 
65.9 
20.7. 
21.7 
20.8 

150"F 

89.9 
65.5 

83.4 
87.5 

"48.6 
38.6 
29.8 

WR/J.kv/93Z35 
7/16/93 
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