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TABLE 4. - Space-time yield of various Fischer-Tropsch processes
Pres- S , Ligquid preduct
Temper - sure, Space-time distribution Steel in
Cata- ature, | atmos~ |yield of C3+, Gago- converter,
lyst oC. phere kg, /m /h¥ line |Diesel]Wax| Alcchol tons/bbl /day
Ruhrchemie
Co | 175-200 1 8 56 33 11} v.s. 2.7
Co 175-200 10 10 35 35 30 Vv.5. 2.4
) Fluidized iron catalyst
Fe 300-320 20 65 ] 75 ] 15 i 9 0.6
Internally-cocoled converter :
Co 175-225 7 40 35 35 30 V.S, 0.8
Fe 2L40-260 20 4o ko 26 24 10 0.6
Fe 270-290 20 | 60 60 15 150 10 0.6

EFFECT OF VARIABLES UPON FRODUCTS

Considerable varlations in the quantlty and types .of products are
obtained under different reaction conditions. The boiling range of the
products and the relative gquantity of unsaturated compounds depend chiefly on
the composition and age of the catalyst, pressure, temperature, gas through-
put, and comp051t10n of the synthesis gas.

Catalyst

The most active catalysts for the synthesis of liguid and solid hydro-
carbons from hydrogen and carbon monoxide are nickel, cobalt, iron, and
ruthenium. The basic catalytic metals used by Fischer and Tropsch in their
early experiments were iron and'cobalt,l_ At temperatures below 3000 C., and
atmospheric pressure, Fischer and Tropsch found that these catalysts yielded
rroducts that consisted almost exclusively of saturated and unsaturated
aliphatic hydrocarbons ranging from methane to high molecular weight waxes.l7/
Nickel is essentially a methanization catalyst, but in combination with other
catalytic materials is active in the hydrocarbon synthesis. However, it
deteriorates rapidly because of the formation of volatile nickel carbonyl at.
operating pressures higher than one atmosphere. Cobalt catalysts are more
durable and produce lower yields of methane and higher proportions of olefins
in the liquid hydrocarbon product. The percentage of olefins decreases in -
the order iron, cobalt, nickel (60, 40, and 5 percent, respectively, of olefins
in the product), when these are used as catalysts. PichlerlS/ observed that a
precipltated ruthenium catalyst operated at high pressure and a temperature of
200° C. surpassed all other catalysts for the synthesis of higher hydrocarbons.
Many of these hydrocarbons were pure whlte, even in the crude state, and had
melting points of 130° C. and higher. .

16/ Weil, B H., and Lane, J. C., Synthetic Petroleum from the Synthine
Process: Remsen Press, Brooklyn, N. Y., 1948, 303 pp.

lT/ Pichler, H., Work cited in footnote 9.

i§y Pichler, H., EThe Discovery and Synthesis of New Paraffins of Very High
Molecular Welghﬁj : Brennstoff Chem., vol. 19, 1938, pp. 226-230.
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The suandard cobalt cetalyst whlch,was ‘used. in the German commerclal
plants, Was precipitated Co-Thos-MgO-Kieselguhr (100:5: :8; £OO parts by
weight). The catalyst used in early work by Fischer, 100Co: 18T“02 100
Kieselguhr, produced more uaraf°1n wax and thé same quantity of middle oil.
The purpose of magnesia. was solsly to incréase the hardness of the result‘ng.
catalyst and thus reduce . its: tendency tor dlslntegrate in the converters l(V
Experlments with . catalysts containing.more cobalt (Co: Kg\ 1) “produced llqulds
and solids contalnwng 50 to 55 percent of solid paraffin and 25 percent of
Diesel oil. With a cobalt-manganese catalyst, Roelen (Ruhrchemie)} cbtained
liquid and solild products containing: [ percent of solid Darafflns at the
exceptionally low reactlon temperature of 1650 to 1680 C. and 10 atmos-
nhpreo.EO/ ) - :

3 Before being used in the hydrocarbon synthesis, cobalt catalysts are
condi¥ioned by reducticn. Complete reduction results in -too high an initial
activity and short catalyst life. The optimum degree of reduction is 60
percent; the residual oxide is useful in preventing further sintering. In
the German commercial plants, the catalyst granules, 1 to 3 mm. in size,
were reduced at 350°. to 4500 ¢, in a stream of dry, carbon dioxide-free
. hydrogen flowing at a space ve1001ty of 3 OOO to 4,000 ¥olumes per volume
,of catalyst per, hour. - :

Although the best cobalt cataly5u is prepared by preclpitatlon,‘sron -
catalysts may be prepared in a number of ways, according to the operating
conditions to be used and the pro&ucts de51red. Precipitated catalysts
are usually. hlghly active,. giving good yields of hydrocarbons at low
temperatures. ‘At the Kaiser W¢lhelm Instltute for Coal Research, pre-
-cipitated-iron catalysts containing Tittle (1 percant) Or NO CODper were
.pretreated with carbon monoxsde at’ l/lO atmospnere -and 325° C. before use
in the. hydrocarbon svnthe31s. With" conper-—contalnlnb (10-to 20 percent)
catalysts, best results were obtained by pretreatment with 2Hp+1CO or
.23Q+3CO gas at atmospherlc pressure and 2°O° to 2&00 C.

Moderately active iron catalysts are prepared by decomposition of
iron nitrate mixed with appropriate promoters, by 31ntering ‘the .iron powder
obtained from the decomp081tlon of iron carbonyl or by fusing iron with -
various promoters to produce fused Catalysts of the synthetic ammonia
catalyst type. A characteristic’ 'difference between fused and- precipitated
-catalysts is. that. the former produce smaller middle-oll fractlons and’
larger llght and heavy fractﬂons.' ' :

‘The adstlon of promoters is d951rab1e as a means of controlllng the
type of products. obteined. The fresence of alkali nromotes ‘the' formation”
of high molecular weight products but reduces the durabllltj of “cobalt J'i
catalysts. In tests at the Kaiser Wilhelm Institute, it was observed -
that the addition of alkali did not affect the activity of iron cataljsts, »
but’ only the ‘distribution of products. The Kaiser Wilhelm Institute results
showed that ammon1a—prec1p1tated iron catelysts without suosequent addltlon

19/’ Weil, B..H., and Iane, J. C., Work c1ted in footnote 16ﬁ
Elchler H., Work cited.in footnote 9. :
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of potassium carbonate were as durable as those precipitated with sodium
carbonate to which 0.25 percent potassium carbonate was subsequently

added. A larger percentage of paraffin wax in the product was character-
istic of the catalysts containing added potassium carbcnate. Increasing .
the alkeli content from 0.25 to 5 percent of potassium carbonate caused the
yields of paraffin wax to increase from 26 to 46 percent, based on the total
yield of solid, liquid, and gasol (C3 + Ck)- hydrocarbons. Increasing the
alkali coentent also promotes forwatlon of oxygenated and olefin products.

Pressure

~ o .

The early work of Fischer and coworkers showed that pressures above 1
atmosphere favor the formation of oxygenated organic compounds and of high

molecular weight hydrocarbons, and reduce the yield of normally liquid
hydrocarbons per cubic meter of synthesis gas.21l/ Pressures lower than

atmospheric necessitated proportionately greater amounts of catalysts for

equal conversion to hydroccarbons, zlthough the average molecular wélght
and chemical composition of the product were unaffecued by the reducea
nressureg_/. WGller__/ studied the pressure dependence of the synthe51s
over a cobalt-thoria-kieselguhr catalyst at about 1 atmosphere pressurs,
using very short contact times, so that the concentration of synthesis

products was very low. Under these conditions, the synthesis rate increased

approx1mately as the square root of the synthesis gas pressure.

For the cobalt catalyst, maximum life isbobtained at 5 to 15 atmospheres
pressure of ?H9+1CO gas. A study of the effect of pressures above atmos-

pheric was made by Fischer and Pichler.2k/ Table 5 shows the results of

their work. As the pressure was increased abeve atmospheric, the yield at
first increased and then (at about 15 atmospheres) decreased. Only a few
weeks, of operation at higher pressures of 50.to 150 .atmospheres sufficed to

cause a large decreasc 1'n catalyst activity. A cobalt-thoria-kieselguhr

catalyst and a constant throughput of 1 liter (measared at atmospheric pres-
sure) per hour of 2Bp+1C0 gas per gram of cobalt metal were used. The data
are averages for h-week operation. Only a single pass of the gas through

the catalyst was made, and there was no catalyst regeneration. a

gl/’ Flscher F., and Kuster, H., llhe Influenue of Pressure and Temperature
Upon the Synthesis of Benzine and Synthol in Liquid 1} Wedlam_l Brenn-

gstoff-Chem., vol. 1k, 1933, pp.. 3-8. .

22/ Fischer, F., and Plchler H., [?he Influence of Pressure Upon Several
Conver31ons of Water (:a.;] Brennstoff-Chem., vol. 12, 1931, PP 365-

372,

g;/ Weller, S., Kinetics of Carblding'and Hydrocarbon Synthesis with Cobalt

Fischer-Tropsch Catalysts: Jour. Am. Chem. Soc., vol. 62, 1947,
_ pp. 2432-2436. . » :
24/ Fischer, F. and Pichler, H.

z

[@he Syntheéls of Paraffin from Carbon

Brennstoff-Chem., vol. 20, 1939, pp. 41-48.
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TABLE 5} - Effect of‘pressures sbove atmospheric

(Yield data in grams ver cubic meter of synthesis gas)

Total solid : : »i 0il | Gasoline | Gaseous

and liquld ’ o i boiling boiling hydro-

- Pressure, hydro- Paraffin above below carbons

atmosphere carbons _wex 200°C, | 200°%C. C1 to C

10 cevevens 117 10 33 6% 38
2.5 eevvenne 131 15. 43 T3 ' 50

640 veverane 150 £0 ‘ - 51 39 L33
1640 eeosnese 1ks 70 - 36 .. 39 s 33
5140 sosenene 138 . 5h 37 7 - 21
'151 O soveeses 10k 27 j 3% b3 1 31

Table 625 contains the results of laboratory tests at 1 atmosphere and 7
atmospheres pressure, using the standard Germen commercial catalyst. In
the rmdlum-nressare range, the total yield of hydrocarbons containing more:
than three carbon atoms per molecule and the yield of saturated hydrocarbons
are nlgner than in atmospnerlc-pressure operatlon. :

TAELE 6. - Product from 100Co: 5ThOp T 5Mgo 200 Kleselguhr catalyst
at 1750-200°C. and at (A) atmospheric, (B) 7 atmospheres
pressu;ezof 2Ho+1CO gas, 18-20 percent inerts. Wo recycle.

i~ Weight !
. percent ! : 'f Co :
; of ! ' ! B ‘
liquids ‘ ? Oleflns f Pour | cFR
Ideal’ gas,; plus Density, | volume | polnt,toctane Cetene
_ g./m3 | solids - 150°C., !percent | -°C. | number| number
Fraction A B I.LA iB A ' B A !B ; AT B! AIB A B
ClL + Coeees 26 21 | o N o
C3 + Clhevest 2k 117 , 50| 30 i
Ch to Cyge.; 70 151 56 {35 [.689 (0.685! 37| 20! 52 | 28 §
Cy to Cyyeef 77 (58 162 140 | .693) .689] 34118 | [lhglosl. - -
C11 to Cygsy 41 P51 33 f 35 | L7601 ,760; 151 10 -18|-7 ' 100’100
Ci2 to Cig.| 3b is51 {27 i 35 | .T66 | .66 13 8)- 9i-2 100{105
Soft waxe..| 10 36“1 8 25 l.000| - S I i
oo 1 - jto Ao 500, ' I ' ‘
Hard WaX... b ‘ha | 39%9 930 - | {

_/ H_sher ercentage of wax may be obtained from Co-Mn catalysts at 1650-
11689C. and 10 atmosnneres but With no increasv in Diesel oil yield.

Iron catalysts usuallv are much less durable at atmospheric pres-
sure than are cobalt catalysts. As with the tcobalt catale t, i1t is.possible,
- -however, by frequent flushings with hydrogen, to keep e carefully prepared
and Dretreated iron catalyst active at atmospheric pressure for 6 to 12
months. The pressure coefficient of the synthesis on iron catalysts de-
creases with decreasing operating temperature and at about 175°C. probably
gggé%ﬁgiaclose to that of & zero order reaction, as found for cobalt

25/ Pichler, H., Work cited in footnote G.
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Figure |.— Yield and character of products at 180° C. and various pressures, with ruthenium catalyst.
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Medium;pressure éperation of iron catalysts raises the boiling range
of the products. Data showing this effect are given in table 7.g§/27/

TABLE 7. - Effect of operating ‘pressure gpon'Bbiling range
of product from an iron catalyst

(Data cited by E. H. Reichl)

Pressure, atmosPheres se.eesee.veeiessnscses. 1 5 20
CO conversion, PerCent.v.eceeseeceeiocecnsees 95 70 75
Yield of liquid plus solid products, g./m3.. 90 86 120 -
Gasoline, percent*;.....;.........,......... 57 30 22
Diesel 011, Dercent .ecevesuvevacenasranenes 24 25 22
WaX, Percent c.iecevesciererssseneornnaescans 19 U5 56
Olefins in gasoline, percent teesnctssnseces 68 63 63
Olefins in Diesel o0il, DPErCent seeeeseessesne 41 45 LG

The optium pressure for operation of iron’catalysts is 10 to 20 atmos-
pheres of 2Hé+300 gas. At higher pressures, sbove about 30'atmospheres, the
decreased durability of both iron and cobalt catalysts may be caused by
corrosion by metal carbonyl formation. ‘ o

On ruthenium catalysts, at pressures below 10 atmospheres and temper-
atures of 200° or lower, no appreciable conversion of carbon monoxide and
hydrogen to higher hydrocarbons results. Figure 1 shows the results ;
obtained by Pichler andeufflebgﬁ/ in experiments at Pressures from 15 to
1,000 atmospheres and at a temperature of 180°C, Three grams of ruthenium.
catalyst was used, and the flow of 2H,+1C0 synthesis gas was so adjusted = _
that 1 liter of effluent gas was obtained per hour. The throughputs of
2H+1C0 (calculated from the nitrogen contents of the ingoing and effluent X
gases) were 1.08, 1.16, 1.79, 2.57, 5.0, and 5.26 liters per hour per 3
grams- of' ruthenium for 15, 30, 50, 100, 180, and 1000 atmospheres, respectively.
The conversion to hydrocarbons increased rapldly with increasing pressure
up to about 300 atmospheres and more slowly above this pressure. At all’
bressures, solid paraffinic hydrocarbons constituted about 60 percent of
the total yield of liquid + solid. hydrocarbons. At 1,000 atmospheres and
180° C., 57 percent of the carbon monoxide charged to the converter and 71
percent of the liguid + solid product was solid paraffin wex. The fraction
of gaseous hydrocarbons‘in the products was approximately 25 percent for all
pressures. After 560 days, when the temperature had been raised to 215° C.,
at 100 atmospheres the yield was 140 grams rer cubic meter, only 10 percent
below the initial value. It is interesting to note that whereas for a cobalt’

26/ Reichl, E. H., Work cited in footnote 12. o .

gz/ Storch, H. H., Anderson, R. B., Hofer, L. J. E., Hawk, C. 0., Anderson,
He Coy, and Golumbic, N,, Synthetic Liquid Fuels from Hydrogenation of
‘Carbon Monoxide. Part I: Bureau of Mines Tech. Paper 709, 1948,
213 pp., 47 figs. = . T : S Coel L

28/ pichler, H., and Buffleb, H., {Synthesis of Paraffin Wax on "Ruthenium
Catalysts at Pressures up to 100 Atmosphere§1: Brennstoff-Chem., vol.
21, 1940, pp. 257-26k, T T o o
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catalyst about 95 percent conversion 1s reached at 15 atmospheres, for a
rutheniim catalyst 95 percent converslon nece531tates a pressure of about
300 atmospheres. = - : S Do . oo Sy

Temperature

B

The temperature range ?or the synthe31s of hydrocarbons from hydrocarbons
from hydrogen and carbon monoxide is gquite narrow. Even for the most active
catalysts, the reaction is very slow below 175° C.; above 250° C. the rate of
preduction of liguid hydrocarbons decreases, and methane formation and carbon
deposition predominate. -Te.compensate.for.gradual decrease in activity during
synthesis, the reaction temperature must. be. raised . progre351vely for all
catalysts to maintain the- rate ‘of ' conversion. ,The temperature coefficient
for the temperature ranges- 1979 £0.207%.C..and.191° to 207°.C. are 1.k and
1.67 per 10° C., respectively;.these.values were calculated from some data
of Aicher 'and coworkers,22/.who.used.a.nickel.catalyst. :These coefficients
correspond to an activation.energy. per. mole of about 20 kcal., as.calculated
from the Arrhenius equationmw The. temperature coefficient in Weller's testsig/
corresponde? to an activation energy of 26 kcal., per mole. Storch and his
coworkers3l/ obtained a value of .25 kcal. per mole at -long contact times
correépondlng to the Ruhrchemle process. . : -

The optimum synthesxs temperature.for cobalt Catalysts lies between
180° and 200° C. In Bureau of Mines tests on cobalt-thoria-magnesia-
kieselguhr, the ctatalyst activity decreased when the temperature reached
207°C. and was permanently impalred at temperatures over 218o C.

The act1v1ty of the iron: catalyst is to a- great extent dependent upon
the operating temperaturée. At high- temperatures, carbon:and methane are
produced; at low temperatures, the conversion of carbon.monoxzide and hydrogen
is poor. "Fer optimum conversion, the: choice of catalyst should depend upon
the conditions of Operation. For low-temperature. synthesis, very active
catalysts are necessaryj; for high-temperature synthesis, less active iron .
catalysts can be used. Where high yields of solid paraffins; are required,
the operating temperature must. be kept low. If low-boiling gasoline hydro-
carbons are to be the main product, operation at higher temperatures is
desirable. The diagram in: figure 2 shows the relatlonshlp that exists between
the reactlon temperature and the catalyst.32/ Do o

Hydrogen Carbon MonOX1de Ratlo B :.lir'

BT, . «
wr .. - :

In the conVentlonal cobailt- synthesls, & T tlo of EHQ;lCC\is eptimum
for dbtalnlng maximum yields of hydrocarbon 33/ A higher concentratlonv

&

29/'A1cher, A., Myddleton, W W, and Walker, J. J., The Productlon of Hydro-

T ‘carbonT01ls from” Indistrial GEses ! Jbur “Soci *Chews - Ind vy “Tondon;- vol.
- sk, 1935, pp. 313-320 T. , o ‘ I

QQ/ Weller, S., Work cited in footnote, 23 ‘ o f' LT e
31/ Storch, H. H. et al,, Work cited in .footnote 7. T

2 Plchler, H., Work cited in Tootnote 9. o
/ Tsuneoka, S., and Fujimura, K., r[Benzme Synthesis. from Carbon Monox:Lde
,and Hydrogen at Ordinary Pressure. XIX. The Ratio-of CO:Hp in the -
Initial Gas Mixturej Jour. Soc. Chem. Ind., Japan, vol 37, 1934,
suppl. binding, pp. h63 Let.
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REACTION TEMPERATURE,°C.

Alkalized iron turnings

350 —1—

Un-pretreated catalysts.

300 ——

Sintered catalysts.

n

(8]

o)
|
|

Decomposition catalysts (pre-treated).

Precipitated catalysts inducted with Synthesis
Gas. at latm. Incompletely reduced fused catalysts

Precipitated or fused catalysts carefully reduced

200 == 4nd inducted

Figure 2.—Initial reaction temperature for various iron
catalysts,
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of carbon monoxide in the gas mixture had the effect of increassing the
olefin content of the products. However, when water gas (lﬂé:lCO) is used,

a low catalyst life results because of carbon deposition. The development

of a process by the Ruhrchemie, in which water gas was charged to the medium-
pressure reactor and three volumes of end gas from the first stage per volume
of fresh gas, with product condensation after each cycle, was recycled through
the system, resulted in an increase in olefin content from 20 to 55 percent
in the liquid fractions of the product. The recycle gases lower the partial
pressure of the carbon moncxide sufficiently to avoid excessive carbon
formation. The recycle-process gasoline has a 50 to' 55 motor octane number,
as compared with 45 for the older process without recycle. : :

Over iron catalysts the optimum ratio is 1H.:1.7CO in the medium-pressure
synthesis.Sh/ Carbon monoxide-rich synthesis gas requires the use of higher
synthesis temperatures. B »

DESCRIPTION CF PROCESSES RELATED TO FISCHER-TROFSCH SYNTHESTS X

Synol

. The "synol" process for the production of alcohols is identical with
the Fischer-Tropsch synthesis using an iron catalyst, differing from it
only in space velocity of feed gas and operating temperature.gz/ Passage of
1C0:0.8Hp+20 to 50 volumes of recycle gas at 18 to 25 atmospheres and 1900-
200°C., over a catalyst which was a fused mixture of 97 percent Fe Oy, 2.5
percent AlsO,, and 0.5 percent K50 previously reduced with hydrogen at about
h5OQC., yielded about 160 grams per cublc meter of fresh gas of & mixture of
hydrocarbons and alcohols. Space velocity was 2,500 to 5,500 volumes total
gas per volume catalyst per hour. The boiling range and composition of the
product are given in table 8.

TABLE 8. - Composition of synol products

Boiling Percent - .
range, .| of total : - _Percent in fraction ,
oC, - product WKlcohol |Aldehydes | Fatty acids | Esters
34-105 29.7 1/20 b 0.2 2
105-150 19.7 "I 55 6 0.7 . 2.5
150-175 . 5.0 by 8 0.3 k.5
175-218 12.7 55 i b 0.3 8
213-255 9.2 55 2 0.k 10
255-290 6.k Lo 3 0.5 15
290-320 5.5 L5 3 0.5 19.5
320-360 L.8 35 b ; 0.6 {20
over 340 2.1 i ; !

l/ Low, btecause of solubility in reaction agueous phase,

34/ Leva, M., Translations of German Documents on the Development of Ilrom
Catalysts for the Fischer-Tropsch Synthesis, Part I (Technical 0il
Mission Reel 101, Document PG—21,559-NID, Report on the Middle Pressure
Synthesis with Iron Catalysts, June 1940): Office of Synthetic Liquid
Fuels Report, Pittsburgh,.Pa., 1947, p. 18.

35/ Reichl, E. H., Work cited in footnote 12.
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The reaction was tested in both tubular and plate-type reactors using
diphenyl as cooling medium, but difficulty -had been experienced in removing
spent catalyst. . Producticn of synol -alcohols at I.G. Farbenindustrie
A.G. Leunz Works had beer on & pllot~plant scale of 3 to 5 tons ner month
of llquld products. .

-0X0

The "OXO" procass ‘consists in reacting olefins w1th ‘carbon monoxide,
and hydrogen to produce aldehydes and subsequent reduction of the’ aldehydes
with hydrogen to alcohols.36/37/38/ A slurry of liquid olefin plus 3 to 5
percent reduced Fischer-Tropsch cobalt-thoria-magnesia-kieselguhr catalyst,
which is pumped along with 1H,+1CO gas (about 0.2 cubic. meter per liter--
of olefins) through a preheater (1500-160°C.) into the reactors at 200
atmospheres pressure,; produced a mixture consisting of 80 percent aldehydes
(about one-quarter of this is polymerized aldehyde) and 20 percent alcohols.
Because hydrogenation of the aldehydes is retarded by carbon meonoxide, the
first-stage product mist be let down to atmospheric pressure. The second
stage is operated with hydrogen at 170°-155°C. and at 200 atmospheres pressure.
Fischer-Tropsch cobalt catalyst or copper chromite may be used in the second
stage. If the former is used, some carbon monoxide is formed by hydrogenation -
of cobalt carbonyl, and the exit gas is passed over an iron catalyst at 250°C, .
to convert the carbon monoxide to methene whose concentration, up to about -
10 percent, is of only slight importence. The second stage is otherwise ,
identical with the first: The first stage is not affected by sulfur compounds,
but the second is quite sensitive; if sulfur compounds are present, sulfide
catalysts (such as a mixture of nickel and tungsten sulfldes) must be used.

The basic reaction was discovered by the Ruhrchemie, and a full-scale
plant had been erected at Holton, but never operated, to produce 12,000 tons
per year of 0X0 alcohols by batch-type operation. A large-scale contlnuous
process resulted from cooperative effort of Ruhrchemie and I.G. Farbenin-
dustrie, operating under s1milar conditlons but permlttlng a throughput 9
to 10 times greater than the. Ruhreherie batch process for the same degree'
of conversion (95 percent reaction) This process had been operated.on a
pllot-plant scale w1th an output of hO to 50 tons of alcohols per month.

The OX0 reaction was found te take place v1th a w1de variety of pure
compounds and technieal materials containing ethylenic double bonds. It
is clear that almost limitless possibilities are available for further
processing of the aldehydes first formed, either by aldol condenseation or
conversion to the correspondlng acids, in addition to conversion to alcohols,
as in the "parent" process descrlbed above.



