
IMIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIII 
DE84014307 

e 

One Source. One Search. One Solution. 

COAL LIQUEFACTION: INVESTIGATION OF 
REACTOR PERFORMANCE, ROLE OF CATALYSTS AND 
PCT PROPERTIES. QUARTERLY PROGRESS REPORT, 
APRIL 1-JUNE 30, 1984 

PITTSBURGH UNIV., PA 

1984 

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



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  
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  

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, magnetic 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 the bibliographic 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 

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



D E 8 4 0 1 4 3 0 7  
I IIl[lllllllllIIIIIl{llllIIIlilllllilllllllllIIIliI]lll[llll 

D]SOAIMER 

This report was prepan:d as an account of work sponsored by an agency of the United Stat= 
Government. Nchhcr the Uni~l Smt~ Govemmcm nor any a~-ncy thcr~[, nor any of their 
employcc~, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or u.~l'ulnc~s of =my information, apparatus, product, or 
process disclosed, or rcprcsenm that its u.sc would not infringc privately owned rigb~ Refer- 
e~cc bcrcin to any spccii-~c commercial product, proc~s, or scrvic~ by trade name, Iradcmadc, 
manufacturer, or otherwise does not ncccssanTy constitute or imply its endorsement, ~om- 

.- mcndafio~ or favoring by the United States Government or any agency thereof. Tl~¢ vicws 
and opinions of authors expressed herein do not necessary state or reflect those of tl~ 
United States Government or ~-y agency thereof. 

DE84 014307 

Quarterly Progress Report 

Coal Liquefaction - inves=iga=ion of 
Reactor Performance, Role of Catalys~s 

a n d  PCT Propertles 

Alan J. Bralnard 
Yatlsh T. Shah 
John W. Tierney 
Irving Wender 

Sekhar Bhattacharjee 
Sebastian Joseph 
F~ S. Seshadri 

University of Pittsburgh 
Pltnsburgh, PA 15261 

Prepared for the Department of Energy 
Contract No. DE-FG22-83PC60054 

-i April I, 1984 ~o June 30, 1984 



. Objective and Scope of Work 

The objective of this work is to investigate areas of science and 

technology that have been defined as being of prime interest ~o coal 

processing technology development. These areas include propertles of coal 

liquids and slurries, reactor design, and performance in relation to 

reaction mechansims. The work comprises investigations of ~he followlng 

high pr~orlty areas: 

• Reaction kinetics and reactor perfc .-~ance in direct .coal liquefaction 

• Role of ca=alysts in indirect liquefaction and direct coal liquefaction 

• Physical, chemical and ~hermodynamlc properties of coal liquefaction 

product s. 

. Progress Define ~arrer 

A detailed description of work in each cf the three tasks is given 

below. Fiftee ~ abstracts were prepared and-are attached as an Append/x. 

Task i Reactor Kinetics and Reactor Performance in Direct Coal Liquefaction 

The s i m l a t o r  deve loped  by S c h n e i d e r  C o n s u l t i n g  E n g i n e e r s  (SCE) 

models a p r e h e a t e r  and a s i n g l e  t e a t = o r .  ~z i s  s i e n l a t o r  ha s  been  m o d i f i e d  t o  

i n c o r p o r a t e  a number o f  r e a c t o r s  i n  s e r i e s  ( a t  p r e s e n = ,  t~Ls number has  been  

l i m i t e d  t o  4, but  i t  can  be i n c r e a s e d ,  i f  d e s i r e d ) .  Also ,  t h e  SCE s i m u l a t o r  

assumed the same reaction net~aork to occnr in both the preheater and 

reactor. However, uhe prehearer is considered to be a fast reaction zone 

where the fragmentation of coal Into Eases and intermedlare products is 

complete and the reactor is considered to be a slow r~actlon zone where 

intermediates react to form final products° The program has ~hus been 



appropz-iately modified so that the user can input different reaction networks 

for the preheaters and reactor. 

Work is in progress to incorporate information regar~n g stability of the 

steady state if the operatin E conditions are in a region of multiple steady 

states. The s~m~iator is also being modified to include kinetic data from 

existing pilot plant data. 

Task 2 I n d i r e c t  Coal , ,Lfquefac t ion  and t h e  Rple  of,,.Added C a t a l y s t ,  . D i r e c t  Coal 

,~quefaction 

The first draft on an analysis of Fischer-Tropsch (F-T) synthesis 

prepared in the previous quarter was revlsed du_~ing this quarter. THe 

revision has been completed. This part of the repoi-~, besides F-T synthesis, 

includes the ~ibel-Englehardt reaction and Isosynthesis. The first drafts on 

the Mobil methanol-to-gasoline (MTG) technology and on the synthesis of 

methanol and the use of methanol as a fuel were prepared dnrlng this 

quarter. The history of methanol production, chemlsnry of and catalysts in 

methanol synthesis, kinetics of methanol synthesis in an industrial reactor, 

current production technologies, methanol from coal, three-phase methanol 

synthesis and methanol as a fuel are discussed in the section on methanol. 

Task 3: The PCT Properties of Coal Derived Liquids 
, ,,,, , . .' 

The final repoz~ on heat of reaction is almost complete. Materi~1 

and euergy balances around the dissolver were done with existing data, and 

correlations available on coal liquids were compared with the acL~al 

experimental data reported by Stephenson (1981). A comparison of the 

predlct/ons of exlstln E correlations of the vapor pressure of coal liquids and 

the e~erimenta! data reported by Gray and Holder (1982) is bein E done. Work 

2 



on surface tension of coal llq~ds and heat transfer correlation of ~ml 

liquids is under~..my. 

Eeferences 

I. $tephenson, J.L., '~EC-II Process - Exothern~c Keat of Reaction 
Evaluation", Le=ter to Dr. F.S. Antezena, Gulf Science and 
Technology, Ref # 5601FT12, Feb. 12 (1981)o 

. Gray, J . A .  and B o l d e r ,  G.D., n S o l v e n t  Re f ined  Coal CSRC) P r o c e s s e s  - 
S e l e c t e d  P h y s i c a l ,  Che~LcaL1 and Thermodyom~c P r o p e r t i e s  o f  Narrow 
Boiling Range Coal Liquids from the SRC-II Process, Supplemental 
Proper~y Data," DOE report #DOE/ET/10104-~.4, work performed under 
contract #AC05-7~T10104 (1982). 
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Title: 

Author: 

Source: 

Solvent Peflne4:~oal CSRC-ITocess) - Selected Physical, Che~.cal and 
Thermodynanfl,~oper~les of Narrow Boilin 8 Range Coal 7~qudds from 
the SRC-II Process, Supplemental Property Data, Section IV CA 

Gray, J.A. an4~:~Ider, G.D. 

DOE Eeport # DOE/ET/10!04-44, work performed under Contract # AC05- 
7 6ETI0104. 

Vapor pressure measurements were performed on six narrow 5oilln E hea1~ 

cuts (~C-A, 6RC, ~C-B, IGHC-B, 15HC-B and I~C-B) and critical temperature 

and pressure were measured on three different heart cuts (4HC-&, 6HC, and 7EC- 

B)° A comparison of the vapor pressure equations of Starling et al. (1980) 

and Wilson et el. (1981) in4/cated chat Starling's equation o ~. state can more 

accurately reproduce the experimental data when only boiling point and 

specific Eravity are available, This is t r u e  only if ~he boiling polnr is 

used in conjunction with the equation of state to 4etermlne the orlent~'tlon 

parameters rather than using a separate correlation. The equation of state 

meehod produces rouEh.~y half~ the average deviation of the Wilson me~hod for 

the various many heart c.xts° 

]~_ferences 

. Starlln8, K.E., M.E. Brule, C.To Lit and S. Wa~ansa~/; Coal Cale PToject 
P~port to DOE, Coal Conversion Systems Technical Data Book Project, 
Institute of Gas Technology, P.eporr OU/IGT/S-14366-I, ~ublished by the 
School of Chemical Engineering and Materials Science, University of 
Oklahoma, Norman, OK (1980)o 

. Wilson, G.M., 3honsto-, G°H., Hwang, S.C. and Tsonopoulos, C., Ind. En8. 
Chem. Proc. Des. Dev. 20 (1), 94 (1981). 

Number of pages: 5 
Abstract prepared by: Sekhar EhattacharJee ~ 



Title_..__: 

AuL~_r: 

Source: 

Correlations Evaluated for Coal Tar Liquids 

Newman, S.A. 

Hydrocarbon -~roceasin~ 60 (12), 133 (1981). 

A comparative study was reported in this paper in which several available 

correlations for molecular weight, c~tical cons=ants and vapor pressure were 

co~ared to available experimental data on coal tar components. Nine existing 

correlations were evaluated for vapor pressure and the authors concluded that 

in general no single method is clearly superior to the others. For the entire 

group of compounds, =he Mobil vapor pressure equation is best if the Watson 

critical properties are used; the extended Exxon Ma~ell-Bonnell correlation 

is best if Mobil crltic2_! and acentric factors are used; and if solids are 

eliminated from the data set the Exxon Ma~ell-Bonuell correlation Elves the 

best result. For predlc~ing ~he vapor pressure of condensed ring 

hydrocarbons, aromatics, =he Fltzer-Curl and either the Exxon or Uariu 

Maz~ell-Bounell correlations appear equally applicable. 

Number of pages: 

Abstract pr&pare~ by" 

i0 

Sekhar BhattacharJee 
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~ ' l : l e :  

~ , , ~  r :  

Source: 

Vapor  P r e s s u r e  o f  C o a l - L i q u i d  F r a c c i o n s  - D a t a  a n d  C o r r e l a t i o n s  

Zudkevltch, D., Krauehelm, P.D. and Gaydos, D. 

Fiuld Phase Equillbz-la ~ 117 (1983). 

A new emperlcal eorrelatlon of the Cor-Mazwell-Bonnell type was developed 

for pred/ctlng the vapor pressures of aromatic compounds and liquids derived 

from coal. The Cox-type correlation of Ma~ell and Bonnel is Used wldely for 

prediction of vapor pressure in the petroleum Iddustry. In the present work, 

new data on coal tar oils and data from literature ou pure comgounds and coal 

derived liquids were used for testln E and prediction of MB correlation. An 

analysis of the actual experimental data on coal liquids Ind/cated ~hat the 

correlation is reliable within :~3Z when applied to pure aromatle compounds and 

liquids. Larger deviations up to 251 were observed for oxyEen containing 

compounds as for example, cumarone or co~ouuds such as dlbeuzofuran where the 

oxygen atom is iu the mlddle zing of the aromatic structure, 

Number of paEes: 

Abstract prepared by: 

30 

Sekhar Bhattachar Jee 



Title...___: 

Authors: 

Solvent RefinedCoal (SRC) Process Selected~hysical, Chemical and 
Thermo~/namic1~opertles of Narrow Boiling Range coal Liquids from 
the SEC-II Process, Supplemental ~Toperty Data~ Section IV B4 and 5 

Gray, J.A. and~Ider, G.D. 

Source: DOE Report # DOE/ET/10104-44, work performed under Contract # ACOZ- 
76ET10104. 

& 

Surface tension measurements were performed on cutg//~,£;-B , 6HC, 7HC-A, 

10HC-A, 15HC-K and I~C-K at temperatures to 672K and pressures just above the 

saturation pressure. Yn general, surface tension of the various heart cu~s 

decreased with increasing temperature. Surface teuslon increased with 

increasing boiling point. The surface tension data were corralated with 

reduced properries which are available from the vapor pressure measureme~_E~s or 

were estimated from =he existing corr~ations when a maximum deviation of 

30.6~ was observed. ExperlmenL~l data were also reported by the authors on 

samples of vacuum tower overhead, heavy distillate products and recycled 

slurry obtained from PDU~-99 at temperatures to 672K and pressures up to 13.8 

MPa. At temperatures below 525~ the surface tension of the recycled slurry 

was significantly greater than that for the hesi~y distillate and heavy 

distillate surface tension was slightly higher than that for the va~,um tower 
l 

overhead. The effect of hydrogen-pressure on surface tension of process 

streams was determined at 13.8 MPa at temperatures of 616.5K and 672.0K. The 

13.8 M~a results averages about 15Z lower than the values measured at lower 

pressures and the individual percentage differences varied from 0-28%. 

Number of pages: 

Abstract prepared by: 
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Title: 

Author: 

Source: 

Vapor Pressure of Some Nitrogen Conta/ning Coal Derived Liqulds 

Eosryue, C .V.D. and Prausu/~z, J.H. 

J. Che~ rug. Data 2_~5 I (1980)° 

In this work vapor pressure data for four ni~rogen-eonta/nlng 

heterocyclic cow~ounds formed in coal derived liquids are reported. At 

elevated te~ertures, there is a possibility of thermal degradar/on of coal 

llqu/ds. These authoTs used a gas saturation apparatus to measure the vapo 

pressure at or tear ambient temperatures° Vapor pressure data for quimal~i 

5-ethyl-2 me~hylpyrldlne, qulnollne and N-erhylcarbazol were experlmen~ally 

determined and fitted by a standard Antoine type of equation. An average 
./ 

percent deviation of 1.62-2.80Z was observed. Tn-e rauge of pressure studle 

in th/s paper was 10 -3 - 10 -1 ~m Hg. 

Number of pages: 3 

Abstract prepared by: Sekhar Bhattacharjee 



Title: 

Authors: 

Source: 

Reproduced from 
best availablecopy I 

\ ~i of Nitrogen Content of Solvent on Coal Liquefaction 

S.V. Panvelkar, W. Ge, Y.T. Shah and D°C. Cronauer 

Ind. Eng. Chem. Fundam., 23, 202 (1984). 

The effect of ultroEen content on the mechanism of coal liqu~action was 

studied usin E Powhatan No. 5, a high volatile bituminous coal. Three 
5 

liquefaction solvents were used in the study: hydrogenated phenanthrene 

compounds, anthracene oil and SRC-II solvent. The premise that addition of 

heterocycllc compounds llke tetrahydroquinollne (THQ) would maintain the 

hydrogen-donor capability of recycle solvents at higher levels during all 

phases of coal conversion was shown to be false for hydrogenated phenanthrene 

and SRC-il solvent as there was no change on the product dlstri~ution from 

coal liquefaction. THQ addition however had a major effect on the product 

dlstrlhutlon when added to the poor hydrogen-donor solvent, anthracene oil. 

:~ut, in place of an increase in the yield of oils (pentane solubles), a net 

loss of solvent and a sizable-increase in asphaltenes was observed. This was 

attributed due to adduction reactions of solvent and coal species. The level 

of adduction decceased with reaction time indicating some reversibi!iry. 

Number of pages in document: 6 

Abstract prepared by: S.'Jo.~eph 
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Title: 

Au~hor~: 

Source: 

Coal Liquefac~ion In Ni~rogen Co~pounds 

F . J .  D e r b y s h i r e ,  G.A. Odoer fex  and D.D. ~ C e h u s r C  

Fuel, 63, 56 (!984). 

The l i q u e f a c t i o n  of subbi t '~n inous  c o a l  (~yodak-Anderson,  B e l l  Ayr)  was 

ca r l - l ed  ou t  ~ t h  t e t r a h y d r o q u / n o l i n e  (THQ), a m i x . r e  o f  THQ and p y r e n e  and 

t e t r a / i n  as s o l v e n t s .  The c o n v e r s i o n  o f  c o a l  ~o TKF s o l u b l e  produc~s 

approached  100% unde r  r e l a t i v e l y  mi ld  r e a c t i o n  c o n d i t i o m s  (420°C) ~_'.h THQ a s  

s o l v e u ~ ,  a f t e r  1 h r  o f  r e a c t i o n  t i m e .  The c o n v e r s i o n s  o b t a i n e d  i n  a m i x t u r e  

of 30 wt % THQ/70 wr Z pyro.ne although lower -~han in THQ, were siEnlflcantly 

higher than in tetralin. A maklmum in conversion with both THQ and mlx~ure 

~rith pyTeue was observed at 425°C. ~he extent of coal d/ssoluulon in THQ 

appeared to be influenced by its concentration relative to coal. The umusual 

ability of THQ to liquefy coal was at~rihQted to uhese properties: it is an 

active hydrogen donor, it is regenerable durln~ liquefaction by the reaction 

of hydrogen and qu/nol/ne and its polarity allows penetraLion of the coal 

structure and aids in dispersion of the dissolved coal. It was observed ~hat 

during reaction with coal, THQ and other ultrogen compounds underwent 

extensive condensation reactions which resulted in an increase in the nltroEen 

cou~ent oE ~he ~igh boiling and non-rListillable liquefaction products. 

Number o f  pages  i n  do~a~en~: 5 

A b s t r a c t  p r e p a r e d  .by: $ .  Joseph  



Title: 

Aunhors: 

Source: 

Short Contact Time Dissolution of Lidell Coal 

N.R. Foster, K.G. Weiss, H.H. Young and K.N. Clark 

~uel, ~ 66 (1984). 

The thermal dissolution of Lidel! coal in uetralin was studied at 400°C 

for reaction times ranging from 0 to 60 mln. ~he iuitial dissolution of coal 

a~ the relatively mild liquefaction conditions (400 °C, 13.8 MPa) was rapid. 

No denitrogena=ion and negligible oxygen/sulphur elmination reactions 

occurred~ At longer reaction times oxygen was elimlnaUad via hydrogenolysis 

reactions. ~he product distributions were simulated using a system of secoud 

order pseudo kinetic equations,, Good agreement benween experimental data and 

calculated conversions was obtained (as revealed by the magnitude of the sums 

of squares Of residuals (experimental conversion - calculaUed conversion) for 

all product species (6.5 x 10-4)). 

Number of pages in document: 5 

Abstract prepared by: S. Joseph 
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Title: 

Authors: 

SouTce: 

HydroLiquefactlon of Victorian Brown Coal in a Continuous Reactor 
I. Effects of Residence ~Ime, Temperature and Catalysts on 
Conversion 

" .B. AEaew, W.E. 2ackson, F.P. Lark.lns, D. Rash, D.E. Rogers, P. 
Thewlls and R. White 

Fuel, ~ 147 (1984). 

Slurries of two Victorian brown coals in tetralin were reacted with 

hydrogen in a vertical tubular bubble column reactor, 19 mm diameter and 2.22 

m long. The maxi~Am design operatlng conditions were ~50°C and 27 MPa. The 

reaction was studied with and without the addition of iron and iron-~In based 

catalysts. The addition of tin to iron based catalysts caused a synergistic 

catalytic effect. The conversion to liquid products was greater when the 

catalysts were iou-exchanged onto the coal rather than beln E added as 

powders. Increases in reaction time and temperature and the addition of 

iron/iron-~in based catalyst system resulted in an increase in conversion. 

The increase in conversion was mainly reflected in an increase in the oil 

yield rather than in increased asphaltene or asphatol formation. 

Number of  pages in  document: 6 

A b s t r a c t  prepared by: S. 2oseph 
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Title: 

Authors: 

Source: 

Interrelationship of Chemical Characterization and Rheologica! 
Behavior of Coal Liquefaction Bottoms 

F.F. Tao and Ko Billlmorla 

Fuel, ~ 158 (1984)o 

% 

In the development of the Exxon Donor Solvent process, bituminous and 

subhltumlnous coals were processed in a I tpd coal liquefaction pilot plant 

operated at 700-723 E~ 10.3-13.8 MPa hydrogen pressure using coal slurry feed 

with and without bottoms recycle. ~he liquefaction bottoms from both once- 

through and bottoms recycle operation exhibited non-Newconi-~n behavior. The 

recycled bottoms had a lower viscosity, were more thermally stable and showed 

more shear thinning behavior when compared to once-through bottoms. Chemical 

characterization and thermal analyses revealed that cross linkages between 

aromatic clusters were the major contr£Juting factors for the high bottoms 

viscosity. ~he viscosity increase of molten bottoms in an inert atmosphere 

was postulated as being due to the formation of cross-llnkages By condensation 

reactlous of alky! and phenolic functional groups. 

Number of pages in document: 5 

Abstract prepared by: S. Joseph 
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Title: 

Authors: 

SouEce'- 

Transporatiou Fuels from Synthesis @as via ZSM-5 

W. Lee, R.M. Gould, J.C.W. Euo and S. Yurchak 

-1~oceedlngs of 10th ~ International COCLAC Conference, 
U n i v e r s i t y  of t ~ t t s b ~ r g h .  Au~,lst~ 1983. 

The s u b j e c t s  o f  t h i s  p a p e r  a r e  t h e  MobLl 's  K e t h a n o l - t o - G a s o l i n e  (~ 'G) 

f i x e d - b e d  and f l u i d - b e d  p r o c e s s e s  and  two new c o n c e p t s ,  which a r e  e x t e u s i o n s  

of t h e  HTG p~ocess~ f o r  t h e  c o n v e r s i o n  o f  sTngas t o  t r a n s p o ~ a t i o u  f u e l s .  A 

plant based on the fixed-be~ process is scheduled ~or completion in 1985 in 

New Zealand, which will produce about 570,000 tons annually of hlgh-octane 

Easoliue from uatural gas. The fluid-bed process has been tested in a i00 BPD 

pilot plant in Germany with gratifying results. Further tests are in 

p r o E r e s s .  

~u the ~TG process, the initial products are light oleflns. By altering 

the process parameters and/or catalysts, the authors have obtained 30Z C2-C 5 

olefins, which can be converted to gasoline and distillates. The MTG 

technology should be used to convert coal to transportatlon fuels. The 

authors have tested a .~o-stage slurry FT/ZSM-5 process (MFT). Here, the H 2- 

poor synthesis gas from second-generation gaslflers will be the source of 

syngas. In the MFT process, syngas is conve~ed to hydrocarbons and 

oxygenates with an Fe/Cu~CO 3 catalyst in a slurry reactor and the effluen=s 

are upgraded to gasoline over ZSM-5 in a separate flxed-bed reactor. Single 

pass conversion in the slurry racror is high and side reactions are minimized 

due to efficient temperature control. Future work planned with MFT concept 

are: coproduction of gasoline and distillates, chemicals and lube oil. 

Number o f  pages  i n  document: 17 

A b s t r a c t  p r e p a r e d  by: K . S .  S e s h a d r i  
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Title: 

Author: 

Publisher: 

Hydrocarbons from Methanol 

ClarenCe O. Chan E 

Marcel Dekker, Inc., New York, 1983. ISBN 0-82~7-7007-2 

The book is divided into eight chapters with 178 references. ~he 

stoich!ometry of conversio~ of methanol to paraffins and aromatics and the 

thermochemistry of these reactions are examined in the first two chaFters. 

The third chapter deals ~rluh early ca~'.~ytlc reactions in which methanol is 

converted to a variety of hydrocarbons. Discussions are given of the 

structure of ZSM-5 and related zeolites, product distributlon over varloius 

zeolites, the effect of pressure and temperature on product spectrum~ high 

selectivity of phophorous modified ZSM-5 for C2-C 4 oleflns, and non--zeollte 

catalysts in methanol chemistry. The next chapter deals with the kinetics of 

methanol conversion to hydrocarbons. Publlshed reaction schemes, the rate 

laws, rate constants, the fit of experimental data with theoretical rate 

~quatlons are examined. Proposed reaction mechau/sms are then reviewed. 

Several mechanisms are proposed in which divalent carbenoid species, methyl 

cations and methyl free radicals are reaction intermediates. 

Another chapter is devoted to pilot plant work at Mobil to demonstrate 

the commercial possibilities of methanol-~o-gasoline technology. The design 

of reactors, run conditions, material balance, gasoline properties and 

catalyst aglng.studles are given for flxed-bed as well as fluld-bed~reac=ors. 

D~al-functlon catalysts containing metal oxides for the conversion of 

synthesis gas to methanol and zeolites for the production of Easollne from 

methanol have been Investigated at Mobil° The polystep process is accompanied 

by undesir,~ble side reactions, particularly liydrogenatlon of olefln 

intermediates. The catalyst studied in detail is Zn-Cr-ZSM-5° With a 

16 



4 Zn: iCr ratio C2-C 4 olefins are the main products. The wore of others on 

dual-function catalysts, with similar results, is also discussed. The author 

points out that methanol-ru-hydrocarbons has practical applications, but the 

~chanlsm and the kinetics of the reaction are uot well-understood. 

Number of pages in the book: 129 

Abstract prepared by: K.S. Seshadr£ 
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Title: 

Author: 

Source: 

Methanol, Past, Present and Speculation on the Future 

Alvin B. Stiles 

AIChE Journal ~ 362, May, 1977. 

This paper covers the history of methanol, early methods of production of 

methanol, such as destructive dlstillation of wood along wi~h present 

commercial technology. In the section on methanol synthesis, competitive 

reactlous that can occur during the hydrogenation of CO, thermodynamics o~ 

these reactions aud active catalysts for each reaction are mentioned. 

Catalysts for methanol synthesis have to be carefully chosen to obtain high 

selectivity to methanol. Processes are discussed that were in operation for 

the coproductio~ of methanol and ammonia from Syu_gas derlved from coal or 

coke. SynEas preparation from natural gas and other feedstocks, gas 

purlflcanion, gas co~resslon, converters and their design are described in 

great deua/l. 

In is innerestln E that the author has singled out among other methods of 

methanol synthesis, the low-pressure, hydrogenation of CO via methyl 

formate. Types of catalysts used in commercial processes, spec/ficatious to 

commercial methanol, physical properties of methanol and its uses are given. 

The author agrees that coal should be the future feedstock, bun advocates a 

techuoloEy dlfferlnE from the current sledgehammer method in which all the 

bonds in coal are broken to produce syugas , which should include recovery of 

useful aromatic compounds from coal pzlor to its conversion to syngas. O~her 

areas of research and developmental work suggested, assuming that methanol 

will be a ma~or liquid fuel are: effective utilization of blomass; m~thods to 
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produce oxygen l e s s  expens ive ly ;  n o v e l  caca.lysr.s to  expand t h e  p r o d u c t  

spectrum t o  i n c l u d e  h l g n e r  a l c o h o l s  and  o t h e r  o x y g e n a t e s .  

No. of  page~ i n  t h e  document: 14 

Abs t rac t  p r e p a r e d  by L S .  Seshadr i  
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Title: 

Author: 

Source: 

~ethanol Synthesis 

H.H. Kumg 

Care1. Rev.-Sci. Eug. 22 (2), 235, (1980) 

in this paper, the 5aslc chemistry of catalytic hydrogenat-lon of C0 to 

methanol is reviewed. The presence of Both CO and H 2 enhances the adsorption 

of one or both components. ~is is considered as evidence for surface 

complezes. C0/H 2 adsorprlon on Zn0 has also been stud/ed By infrared 

spectroscopy and deuterium isotope lahel!Ing. The latter study suEgests that 

methanol is formed via a surface species, possibly a surface methoxlde. 

Reports on homogeneous catalysts in methanol synthesis are reviewed in 

one section to find support to the d/scussed me~stlc schemes. The 

important part of the paper is the disc~sslda on the composi~on and surface 

properties of catalysts, and criteria that an active cetalyst should 

satisfy. In copper-~ased catalysts, Cu(1) in a solid solution of ZnO is the 

active species, whereas in Zn0-based catalysts, the activity is decided by the 

surface chemical composition as well as the atomic arrangement on the 

surface. The catalyst should be stable in a reductive atmosphere and non- 

dlssociatively activate CO. ~ost oxides adsorb CO assoclatively, but CO may 

be weakly adsorbed. This diffi~tlEy is overcome by using mixed oxides with 

appropriate cations. Besides, a good catalyst should also have the ability to 

activate hydrogen. The most likely surface intermediate is me=ho~Ide. 

Catalysts which form stable metal methoxldes are not suitable for methanol 

syuthesis. 

No. of pages in document: 25 

A~stract prepare~ By l~S. Seshadri 
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Tit_le: 

Aathors: 

Source: 

The Kolbel-Englehardt Synthesis 

H. Eolbel and M. Ralek 

Chapter 7 in Fischer-Tropsch Synthesis by E.B. Anderson, Academic 
P r e s s ,  NY, 1984. 

The F i s c h e r - T r o p s c h  r e a c t i o n  f o r  ehe f u e l s  and c h e m i c a l s  from syugas  i s  

in commercial use. Another reaction is one in which hydrogen is co~letely 

absent and CO is d~rectly reacted with steam in accordance with the equation 

3(:0 + E20 ÷ -CH 2- + ~C02. Eolbel and Englehardt, while investigating the 

role of ~ater-gas-shif~ (WGS) reactiou in the F-T synthesis discovered nhls 

reaction and it is named the Eolbel-Englehardt CKE) synthesis. 

The fundamentals of the KE syn~hesls, catlaysts and reactors suitable for 

the reaction, ex~e~slon of the reaction for the synthesis of al£phauic primary 

amines and high molecular weight pararfflnlc hydrocarbons, and the future of 

the reaction for com-~rclal productln of chemicals are the subjects of this 

chapter. 

The KE reaction is formally regarded as the sum of F-T and ~GS 

reactions. Iron, cobalt and nickel, the F-T catalysts • are also active in the 
< 

~E reaction. But the iron catalysts are superior to others, because they are 

good catalys~s for the WGS reaction. ~e best temperature for the reaction is 

2~U°C. Above this temperature, CO conversion is low and excess methane is 

formed. ~ue to this tempera~re restrlcLion, fixed-~ed or slurry reactors are 

preferred and not fluldlzed-bed reactors. Since H 2 consuming reactions are 

suppressed• the products are rich in oleflns and oxygen-~ontainlng 

molecules. Work ou the slurry reactor used by Kolbel in the KE sy~rhesls is 

bein E applied to F-T reactions carried out in the slurry phase. 

No. of pages in document: 27 

ASsCracl= prepfared by K.S. S e s h a d r l  
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