glnning was i3PC. It w35 parnlited tc ast on 2 »as containing 1L.8 percent CC
and 83.4 percent Hy. The temperature had to be raised to 20CPC,, before a smal
contraction of J percent could be measured. At 275PC., & contraction »f 6 per-
cent vas observed, at 350°C. (L liters of t*roughput per hour), 19 percent con-
tracrtion was noticed. At this tempcrature, the reaction gas in addition to 10.7
percent residual COp, also contained 3.3 percent CO and 2.1 percent methans hy-

drocarbons. The latter had a carbon gynber equal to 1.9, hence, observation by
Xuestar was confirmed (see reference &/), that the (O, is not only converted to
methane in tho presence of iron catalrsts, but also to nigher hydrocarbons. At
LOC®C,, the contraction incfeased only an unessentially small amount, and event-
ually reachsd 21 percent. In addition to 10.L percent residual COp, the reac-
tion gas algo contained L,7 percent CO and 3.2'percent Cly, hydrocarbons with a
carbon number of 1,37, On the cold section of the reaction tube, a small amount
of yellow oily products condensed out. A calculation showed that the Coz {on
100 percent basis) was converted in the following manner by the catalyst when
working at 350-400PC.s

—

Percent
Temp., Unchanged to to
°C. €05 co CHL-K}V
350 s8.8 i8.2 21,8
1,00 35.L 25,0 23.0

At LOCPC., a small analytical error was introduced into the determination becausa
the sum total of the unconverted and converted CO» amounts to over 100 percent ,

The result of the described experiments may te surmarized by saying that even
with the iron catalysts which are capable of formin. some reaction water, a ror-

ducticn of the €0y was not observed at the reaction tempcratures aof the bcn;;ﬁE
syntheslis.

Thus may ce explained the fact that in the reaction gases obtained from iron
catalysts, appreciable quantitics of Hy can coe-exist in these gases with large
or next to large quantitiles of COza

(Meyer) .
XV. Copprer-free Iron Catalysts.

Finally, we want to report on the results which we obtained with coprer-{ree iron
catalysts, Uith reference to earlier experiments, we want to refer tc ths
"Geammelter Abhandlungen zur Kenntnis der Kohle™, Vol. 1C. Of special interest
are thg/results obtained with iron-aluminum respectively iron-silicen alloy cata-
lysts.Z/ Contrary to the nickel raspeetiveldy cobalt skeleton alloy catalystis,
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iron-aluminum and irom silicon alloys, after dissolving out the aluminum with
NaOH, were almost entirely inactive. An improvement did not result even when
the catalysts were oxidized,
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That it is possible to obtain comparatively good yieida of liquid hydrocarbons
when working with iron alone (without copper) may be seen froa the following
investigations,

A. Preliminary Experiments.

In order to asosartain what the catalytic activity of a pure farrous catalyst is
(with respect to the CO hydrogenation), greatest care was taken that during the
preparstion of such a catalyst, oxidation to the ferric condition was avoided

as murh as possible,

In the beginning, we used NaliCO; as precipitant since the precipitations ob-
tained with nagco3 or K,C0, have a temdency to discolor very rapidly and change
from green or black into b;'wn Tha precipitation with lhl{!03 , however, seems
to be much more stable, The preparation of ferrous carbonste” from Fe and
NaHC?, was accomplished in the manner that the hot solution of added
to a golution of NaHCO3 under constant stirring. In order to assure complete
precipitation, heating was continued for some time on the water bath under a
COp atmosphere. The grayish-white precipitate was then filtered in presence

of CO; and washed free of sulfates by using boiled hot water, The dryin: of
the Fe wag accompiished in a vacuum at room temperature, The catalytic ac-
tivity of this catalyst was only very slight (2.5 percent contraction at 245°C.),
and an increase could not be obtained by a previous reduction with Hy at LOCPC.
In crder to exclude any possibllity of reducing the activity of the catalyst by
any residual sulfate sulfur, ferrous nitrate was used as starting material for
the preparation of FeCOy-. For this purpose, iron shavings were dissolved in
very dilute nitric acid”of a specific gravity 1.035. The solution process was
carried out in the cold, the precipitation of the ferrous nitrate was accom—
plished with NaHCO3 in the manner already described. With this catalyst, a
contraction of . percent was obtained during 8 days of operation,

A3 an alternative method for the preparation of FeCO » W@ resorted to the pre«
cipitation of ferrous formate by means of NaHl(Q,. Fﬁrroua formate was obtained
by dissolving iron shavings in dilute formic acid. The further processing of
the ferrouds formate solution occurred as already stated above. With this FeCO
and an experiment temparature of 242°C., a maximum comtraction of 26 percent
was obtained. However, it should be mentioned that it took 10 days of opera-
tion to reach this contraction. The maximum yield of liquid hydrocarbons was
42 g./t¥ of mixed gas. When the experiment temperature was raised with another
batch of FeCO,, produced in the same way, a maximm contraction of only § per-
cent could be noticed. It is therefore apparent that the activity of the FeCO
catalyst, according to this method, is not reproducible.: The precipitation of3
ferrous formate with NaHCO4 in presence of kieselguhr lﬁ to catalysts which
were almost inactive. At %he same time, a catalyst prepared by precipitating
farrous sulfate with soda exhibited no activity either. However, a FeC0, cata-
lyst prepared from ferrous formate and NayCO, gave a maximm contraction” of 12
percent. The results with the copper-free férrous carhonate catalysts so far
investigated are tabulated in Table L9.
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Table LS-
Activity of Ferrous Carbonate Prepared in Various Manners

SXp, Yadansn tax, yields of

LAp, ' Temp,, contraction, liquid products
No, Mode of prepsrstion Carrier Pretreatment °C. pereent  2./r9’ rixed pas
1 Fe50; + RaiCO, without Vixed gas im- 245 2.3 -
nediately

2 » " " Hé koo 2hs 2,0 -

? Fe(NO3), and NaHC0; . ¥ixed gas im- 238 .0 -

- ’ mediately

L Ferrots “ormutc A bamey 0 " 2h2 26.0 b2

S As L, (re-~test) " " ak2 5.0 -

& Itrivous forvate and KAECO3 kiesalguhr " 2ls 3.0 -

7 FnSOh and N82003 without " 22 0.0 -

8 verrcus formate anqﬁNnQQQJ " " 242 12.0 -

In Section II, 5SFe~lCu catalysts were de-cribed in detail which were rrepared by proe-
cipitating the chloride from a hot solution by using NayC0,; precipitant, These cata-
lys's wore alkalized with 1/L percent K2C04, and after approximately & waeks of opera-
tion, they gave an averaze yield of 50 grams of liquid rroducts per cublc meter of
mixed gas. Table 50 contains the results which were obtained with an analogously pre=
rared catalyst which was copper~free hovever, and contained various quantities of K2003~

Table 50,

Iron Alone, Prepared from ¥eGL; by Precipitation with NapCOs.
Various Gunantities of K;C03 in the Catalyst

K,CO Contraction in Yield in grens
Exp. Catalyst con%en%s, percent after days per cubic meter
No, composition percent 1 g <l of mixed gas Remarks
1.  1Iron alone 0 12 12 15 22 After 3 weeks, no furthe:
increase in activity.
2 " " 1/8 1R 17 20 33 " "
3 " rt 1/h 18 17 23 30 1 "
L " n 1/2 13 18 20 25 n n

The influence of the K,CO, addition does make itself felt just as pronounced as in the
case of the coprer-contai%ing catalysts, This, of course, only refers to the catalysts
which were prepared from FeCl;, Tiith other modes of preparation as will be shown in a
later chapter, a subsequent addition of K,CO- can cause a considerable increase in ac-
tivity. The catalysts prreeipitated from ec‘.l2 and containing various quantities of °
KgCOB require a long time of induction just as the X _CO,=free catalysts. The maximum
contraction for these catalysts is reachéd only apprgxiaately after 3 weeks of opera-
tion, and the yields obtained up to this time do not show anmy great differences. The
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#9C0y=iree catalysy furnisned 22 grams, whercas with tinc addition of 1/8 percent
K2CO3, 33 grams, with the addition of 1/k percent K,CO,, 30 grams, and with 1/2
pere8nt K,C0., 25 grams of liguid products per cubis mBter of nmixed a8 were obe
tained, iho experiment tenmperature in all cases was 2L(PC., Consequently, it
was apyroximately 10 degrees higher than for the corresponding coprer-conta
catalysts, After 3 weeks of operation, a further increase in activity was obe
served in no case,

(Ackermann) L
- " B, Principle ixperiments.

(L Dunped weight and un:;aﬁ?:ma. '
am-=EodouoGqpalparat&en—and-dunped-tugggg.

In spite of the very voluminous and varied research which was done on catalysts,
no information has been cbtained so far from which one could predict just how
good and how active a certain catalyst would be. In all cases, it was found
necessary to carry out a time-consuming activity determination, The reasons . for
this are well-known. With tho precipitated catalyste, it was found that the
nede of precipitation produces important differences in the dunped weight of
the catalyst. The determination of the dumped weight of the catalyst nyy be
carried out very quickly. Therefore, we attempted to find the possible rela-~
tionship btetween dumped weight of a catalyst, and its catalytic activity, It
was rointed out that chemical changes might occur in the irom catalysts during
the synthesis which would not have a comnection to the dumped weight of the
catalyst to start with, and also, it was rointed out that the catalytically
active portion of the catalyst surface does not have a simple relationship to
the degree of dispersion as indicated by the dumped weight,

«v. Procipitationg:

The agqueous solutions of ferrous chloride and ferric nitrate are nrecipitated
with apqueocus solutions of sodium carbonate, potassium carbonate, and sodium

droxide and potassium hydroxide. The conditions, such as concentrations,
temperature, and addition of reactants, varied in all cases, The precipitant
was always dissolved in a quantity of water which was equal to a volume of 3/4
of the iron salt solution. It was always used in 10 percent excess, After
filtering,the precipitant was washed 6 times with water, The water used for
each washing was equal to 10 times the weight of the iron which was to be washed.
The catalysts were dried for 20 hours and 110°C,, and were then made into a fine
powder, Thereafter, the dumped welight was determined by shaking the catalyst in
a graduated cylinder until no more reduction in volume occurred upon further
shaking, From the dumped volume and the weight of the catalyst, the dumped
weight was calculated.

4. Precipltations with Soda:

As may be seen from Tables S1 and 52, the cumped weights vary between Q.26 rer=-
cent and 1,00 percent, There seems to he a fundamental difference in the dumpoed
weights of the precipitated ferrous catalysts and the precipitated ferric cata-
lysts. The explanation may be that from ferrcus salts, at first, ferrous car-
bonate is precipitated, whereas from ferric salts, ferric oxy-hydrate is formed.
This at first voluminous and very difficultly filterable precipitate bakes on

- B -3
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drying, ana forms a blackisu-ulue brittle mass, It has an especially high
dumped woight.

From forrous salts, at first, a white ferrocus carbonate precipitates out which
formes a dense crystalline precipitate which is sasily filterable, The decom
position sets in almeady as soon as the washing oporation is begun, and as soon
a3 the air has access to it. It is first grey and then finally changes over to
black, (After s longer period of contact with the air, the black mass changes
into a reddish-brown ferric hydroxide) When dried at 110°C., the main quantity
of the CO, is driven off the ferrous carbonate and causes a vary pronounced
loosening of the mass, This loosening is the more pronounced the denser (larger
crystals) the original ferrous cerbonate.mss. Those precipitates which were
most easily filterable showed that they had the smallest dumped weights after

drying.

The greatest variation between dumped weights and preoipitatin; conditions oc-
curred with the normal precipitation of the ferrous chloride®, (Table 51, pre-
eipitation S:12).

Table 5l. :
Dumped “eight with Normal Frecipitation of
Ferrous Sulfate, Ferrous Chloride, and Ferric Nitrate with Soda
Concentration in
Exp, grams of iron per Temp., Dumped

Iron salt No., liter of solution °Ce weight
Ferrous sulfate 1 50 20 0.35
2 48] 100 0,43

3 10 20 0.50

L 10 100 0.42

Ferrous chloride & 100 20 0. 50
é 100 100 0.56

T 0] ) 20 0.43

8 50 100 0.21

g 10 20 0,58

10 10 100 0,51

Ferric nitrate 11 50 20 1.00
12 50 100 0.83

13 10 20 0.83

U 1¢ 100 0.87

increase of thz tempercture (100PC.) as well as increase in concentration cnused
2 noticeable raduction in the dummed welght. Tith revarsed rrecipitation (Table
52), however, small dunred scights were only tiem sbtained when chleride iongs
were addad to the soda solutien in advance in the form oif NaCl {Table 52, uw
perimenta 21 and 7). The observation may bs exniained by assuming that in the
presence of chloride jons, the seeding of the crystals rroceedd slowly. &t the

# Mormal precipitation = addition of rrecipitant to Fe-salt solution.
Hoverse crecipitatlion - addition of 'es~salt solution to nrecipitant.
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same time, the vslceitr o7 srveizl growth of the FeCO crystals increases.
¥he-2as in the casc of the normal precipitationsy, sufficient chloride ions are
~~—==dy present in the precipitation mixture from the very beginning; in the
oase of reverse precipitationg chioride ions have to be added to the soda sol-
wtion baforae the precipitation is carried out.

Table 52,

Tho Dumped Weight with Reverse Precipitation of
Ferrous Sullate, Ferrous Chlaride, and FGFFEc fitrate with Soda

Concentratiosn in
SXp. grams of iron par Temp.,, Dunped

Iron salt No. liter of solution °C. weight Remarks
Ferrous gulfete 16 c0 20 .30
16 50 100 0,23
17 10 20 0.L8
i3 10 100 CL8
Ferrous chloride 19 €0 20 (627
20 50 100 Cul2 110 prams of -
21 50 100 0.32¢{NaCl to 10
22 e 100 n, 2% {gr’"s Af iran
23 19 20 0,50)
) 2L 10 100 0,59 320 ~raus of
Ferric nitrate 2% 50 20 0.83 ”agiqtgfl?,on
26 50 100 0.87 & =

27 10 20 0.7h4

€. Precititations with Fotash.

The samc observations were made when the corresponding precipitations were car-
ried out with K,C 3. bere we succeeded, for instsnce, with the reverse pre-
ciritation of 58 rTams of iron por liter of ferrous chloride at 100°C., to re-
cuce the dumped weight from 0.L6 to 0.25 by the addition of KC1 to the K2C05
solution, The dumped weights of thre rreciritations of the three iron salts
with potash, in general, were in good agreement with those obtained by rre-
ciritating with soda solutions, Consequently it is not necessary to reeit
these values.

A, Precipitations with Sodium Hvdroxide.

The rrecipitations with sodimm hydroxide give, in cases, hizh dumped weights,
The results of these precipitations do not dependpywhether ferrous cr ferric

salts are used, The dumped weights obtained vary from 0.6 to 0,9, It is a
known fact that from ferrous sa ts, at first, a white ferrous hydroride is pre=-
cipitated which is very difficult to filter in Lhe presence of ferrous carbonata.
By dryin., it does not loocsen up. On account of the sase with which it can be
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exidized after the arying operation, it chiéﬂy consists of ferric oxide, The
dumped weights of all the catalysts which appear first as ferric oxide slatas
denend somcwhat on the size of the rowder: Powdered Ly means of a mortar:

10 mim:tes 18 rinutes 20 minutes
0.74 0.81 0.59

& Y. Catalytic Investijations of Catalysts "ith Various Dumped “eights.

i.e use the coatraction as a weasure of the activity of the catalyst. An equivae
lont of 10 ygrams of iron was used with L liters per hour of mixed gas at 2LO to
25°C. Tabie 53 contains the various catalysts arranged according to their in-
creasiny dumped weight. Considering catalysts which were precipitated from the
samo salt. no relationship seems to exist between contraction and dumped weight,
The comperison of catalysts prepared from different salts , however, shows that
the ferric nitrate catalysts are more active thun the forrous chloride catalysts:
BElgh artivity decreases for large dumped weights, Small activity decreasss with
small dumped weights,

Table 53.
Dumped “eights and Catalytic Activity of Soda

Precipitated Ferrous Chloride and Ferric Mitrate
Catalysts (non-alkalized)

Eax., con=-
Catalyst Dumped  traction, Temp., After hours cf
Iron salt number weight  percent 9, operation
terrous chloride 1 0,26 8 250 120
2 0.30 h.s 250 L5
3 0.42 3.5 2Lo 6L
L 0.h3 1 250 L6
Ferric nitrate 5 0.83 22 2h0 90
6 0.83 21 2h0 50
7 0.87 23 240 9GC
8 1.00 25 250 71

This finding is in contradiction with the opinion that catalytic activity increases
with docreasing dumped weight. is a matter of fact, the dumped welpht docas not
seem to pive any information on the (inner) catalytic active suyface-of a catalyst,
A beSter swited neans of testing the catalytic propertiesﬁfﬁgg;g he perhaps the
determination of the heat of adsorption which may be readily obtained as the heat
of wetting when ethanol is used, for instance, Thus, in accordance with the cata-
lytic results, we found that a catalyst précipitated with soda from ferrous chlo-
ride and having a dumped weight of 0,31 exhibits a heat of wettinz of only 2.3
calories rer ema gram of iron, when 96 percent of alcohol was used. The sorres-
ponding rreciritated Zerric nitrate catalyst with the dumped weight of 0.33 had

a heat of wetting of 9.4 calories per ome gram of iron, Summarily, it can be

sald that dumped weipght determinations are not suited to predict the cataiytic
propertics of iron catalysts. This goes for ferrous as well as ferric salts.
Another rcason for this is the fact that the catalysts themselves, under the
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same washing condifions, contain virious amounts of foreign material which

has baen introduced through tho precipitation, Later washing experimcnts showed
that the ferric niirate cataliots rmentioned in Tablc 53 muut have contained still
considerable amounts of NayCO;. This was probably rcsronsible for tho higher ac~
tivity which those catalysts 8xhibited when ccmpared to the chloride catalysts,

Tabls k.
Dumped Y.eights snd Catalytic Activity of Soda Precinitated

' Terric Nitrate Catalysts Exhaustively washed 1a C Tson
to Ny 2 O3h?rec pita erric ra atalys non-salkalized)

- ﬁﬂﬂgiiﬂﬂhzgg;

l'ax. con-
cat, Dumpsd Temp., traction, llours of
Iron salt No. Precipitant weight  °C. percent  operation
Ferric nitrate 1 0.98 2Lo 7.5 8y
2 %2003 1,00 235 10,0 120
3. NayCo; 1.00 235 7.5 120
L " 1.00 23k 11 120
S v 1.00 23k 11.5 120

As Table Sh shows, the activity of thoroughly washed soda rrecipitated catalysts
is not higher than the activity of the rrecipitated ammonia or ammonium-carbonate
rrecipitated catalysts.

2. Determination of the Necessary nlkali (uantity lieeded for ilkalizaticn.

a, dxtimation of alkali cuantily according to chliorime cntenls in cslalyst,

L P imdluaets

The addition of alk carbgpate acte—eimilardy activating,upon une iron one-
component cataxystig%é:=§§¥aioae upon the multi-component catalysts. In order
to study the effect of the alkali, an experiment was carried through for which
the alkali was to combine with anions in the catalyst which were believed to
be damaging to the catalyst. With this, the function of the alkalil would be
fulfilled. An excess of alkali in such an instance would even be unfavorable.
As the experimemt reveals, however, (Table 55), this assumption does not seem
to hold because the activity kept on increasing with increasing alkali addi-
tion, and it increased indepsndentyof the quantity of chloride present which
was supposed to interact with the alkall,

Table 55.
Influcnce of tlkalization of a {atalyst Prepared from Ferrous Chloride with Soda

at 10(PC,, containing an Equlvalent Amount of Alkali, twice the hquivalent Aimount
and Ten Times the Lquivalent Amount of Atkall

Chloride cortents: G.02€ perceni, requires 0.051% K2003 for neutrslization

K2C03 Tempa, Sontraction, H:uri.of
percent . percent. SpUiduion
o 2L0 | 5 150
0,05 2u0 10 150
0,10 210 is 150
Q.50 Py %] 17 0




AL -
be. Lxcess aikalizaiion and removal of sed~adsorbed alkali quantities

by suction resraciivesry washingy,a;¢,ﬁ142t3;]%}.
= 4

During the alkalization of catalysts, re found, generally, that the alkalinity
of the slurry formed with tho K,COq solution decreased after a short time. This
we believe to be due to the fact that alkali is adsorbed on the catalyst. In
the following expsriment, therefore, we more or leas loft it up to the catalyst
to take up according to its own choice, an optimum alkali quantity. A catalyst
precipitated from ferric nitrate with soda was impregnated with 1/2 percent
K,CO, when still molst. From samples (c) and (d), the alkalizat likquor was
rénoved by suction and sample (d) was washed twice., Table 56 t that
with increasing subsequent removal of the choj, the activity decreased,

Table 56

Ferric Nitrate - Precipitated Catalyst, Alkalization
and Subsequent Removal 3¥-IIEEII‘E§'§nct{on and Washing

Pretreatment ) Activity:-
percent Temp., Percent Contraction After Days of Operation
Sample X5C05 °C. K3 L B 20 58
a 0 232 13.3 19.kL 2l 26 23,5
b 1/2 232 25 27.5 25 5 -~
¢ 1/2¢ removed 232 11.5 is 15.5 21 -—
by suction .
d 1/2% rermoved 232 11 10 8.6 11
by suction and
washing

Aside from the findin;. that the rossible adsorption of the optimum alkali quantity
which might have taken place on the catalyst was not very permanent as could be
seen from the fact that with subscoquent removal of XK,CO,, the activity decreased,
this experiment gave some other very important infonmat;o .+ fTitrating with 1/10
N hydrochloric acid, the filtrate obtained frem the washinw oreration of sample
(¢) (methyl red)f, #&¥ound an alkali quantity which was three times as large

as the gquantity of K,CO, added for the rurpose of alkalization., The excess al-
kali can only have origznated from the catalyst itself and probably remained

there on account of insufficient washing. Hence, the catal—-=t had bcen rre-
alkalized by the precipitating soda. ¥rom this nay be explaine without any
difficult~ ‘,he‘lowly increasing ac!ivity of sample (a}$ the co..se of the ac-
tivity incr-ase is characteristic for soda alkalization, Likewise the rarid de-
crease in rctivity of sarple (b) may i due to gver alkaliz ¥aC0s
and 1/2 rwcrcent KQCOB) o

¢. ?Precipitation in Fresence of Fixed Alkalx,

Two catalystis were rrepared -y precivitating ferrous nitrate and farric nitrate
with armonium carbonate. The contraction of these catalyst. for example, after
S days of operation, at 235°C,, ‘amounted to 7,5 percent for the ferrous nitrate
catalyst whicia was not-alkzlized, and v.as 9 vercent for the same catalyst _aew-
sxag, containing 1/2 percent K,C0,. For a non-alkalized ferric ni‘rate catalyst
the contraction was 9.7 percent ahd for the ferric nitrate catalyst alkalized
with 1/2 percent K?CO , it was 23.5 rercent. £&s one can see, the activity of
the non-alkalized catglysts which are obviously free of alkalil is very small,
The activation with alkali is especially pronounced in the case of the ferric
nitrate catalyst,

2%



4

de. Exhaustively washingsthe ferric nitrate catalyrsts precipitated with soda.

According to experiences made so far with iron one-component catalysts, more ac-
tive catalysts may be obtained by precipitating ferric nitrate than arae obtained
by precipitating such ferrous salts as,for instance,forrous nitrate or ferrous
chloride, Te have found that the rosulting activity is independent of tha pre-
cipitant. ¥Yith ragard to the precipitant, we found that Na,CO, was suporior to
(ME,),CO,. According to this, the most active catalyst shou1d3be expected to
rcau1€ r;on a precipitation of ferric nitrate with sodium carbonate. It was our
aim to find the optimum alkali quantity which was necessary for such a catalyst.
In order to be independent during the determination of the optimum alkali quan-
tity scme—aliali-eontonts of some rzsidual alksli quantities still present in
the catalyst (due to more or laess thorough washing of the catalyst), the wash~
ing operation of the catalysts was followed up by alkali determinations of

the wash wat ] n.. ¥

In this manner, the so far most active iron one-component catalyst was obtained
which when alkalized with 1/2 percent K,CO gave a contraction up to 31 percent
and yielded 55 grams of liquid hydrocargon (0il + benzine) per cubic meter of
mixed gas. Following is the mode of preparation of such a catalyst, and the
catalytic testing employed in determining its activity.

*'
. Yost Effective Iron One-Component Catalyst.

a. Method of Preparation (normal expcriment).

A solution was vrepared by dissolving ferric nitrate containing 50 grams of
iron in one liter of boiling water.™ Into this boiling solution, a boiling
solution of 160 grams of sodium carbonate in 750 cc., of water was added as -
ragialy as the COp-evolution permitted, stirring constantly, It was brought to
a boil for a very short time, and filtered hot through a filter funnel. The
difficultly filterable rrecipitate was washed 10 times with one liter of water
for each washing. Then it was dried in ajr at 110°C, for 20 hours, and

the dried and brittle catalyst was powdersd in a mortar.

Akeli—gquantity-and catalytic activity,
Alkalizatic.;

The moist catalyst was mixed with the solution of the calculated quantity of
K2C03 in a little water and was dried at 110°C.

From Tabla 57, it may be seen that with increasing alkali quantities, the ac-
tivity increases. The catalyst containing 1/L percent K CO3 furnished its
maximum contraction akmesdy after L days of operation; when”containing 1/% per=
cent KpCO4, it reached a maximum contraction after 10 days, with 1/16 pereent
after 5 to 6 days; and without alkali, adseedy after 3 days., The time of in-
"he ferric nitrate which was used for this and further experiments was nre= zimg
pared by dissolving technical iron in dilute nitric acid and S kiooxing o xidedton
#f the ferrous nitrate soclution with concentrated nitric acid in the heat.
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duction which in every instance was nc 1onger" for this catalyst than for an iron

copper catalyst goes through a maximum with & KaCOy content of 1/8 percent,
As will be shown by time-tests, catalysts which require a long time for in-
duction ara less susteptible to fatigue than catalysts which require a short
time for irduction. After 1l days of oporation, tho catalyst with 1/4 per-
cant Ko 00, formed adweandy yellow products. At the same time, the yield of
licuid hyarocarbcns had decreased already by 8 g./r”'. The.non-alkaliged ca~
trlyst gave a contraction of only 10 percent for the wholas time of operation.
£ -
¢, Catalytic activity dur_.g 1fgeats.

The expurimental results in Table 53 are to be judved as follows: 1/ per-
cent KxCO3: Time of induction 3 to L days, more than 50 grams of liquid hy-
drocarbon® up to the tenth day of oporation; 50 ~ LO grams up to the 22nd;
and k0«30 grams ur to the 38th day of operation, 1/3 percent K.,CO.: time
of induction, 8 days, more than LO grams of liquid products up t8 the 38th
day of operation., The avcrage yield between the 3rd and 238th day of opera-
tion for the catalyst containing 1/L percent alkali was L3 grams; for the
catalyst with 1/8 percent slkali, it was Ul grams of liquid hydrocarbons.
The addition of 1/8 percent KoCO,, consequently causes just as good an aver=
age yleld for 38 days of operation than the addition of I $#percent K2CCq.
Fossibly the optimum alkali quantity is somewhers betwe:- /8 and 1/L per-
cent.

Tarle B7.

Activity Determination of a irecipitated Perric Nitrate Catalyst
{Precipitated with Soda) which was txhaustively \ashed.
Influence of the Quantity of K,CO,, Operatiny Temperature, 233~235°C.,

O percent KoCO, 1/16 percent KoCOq 1/8 rercent KpCOy 1/L percent ¥oCOq
Days ¢f Con=- Liquid  Con- Liquic Con= Liquid Con~- Liquid
oper~ traction, products traction, rroduycts traction, rroducts traction,products
ation percent g./®’ pareent Hu/gb percent g./m3. percent g./h3__‘

1 8.8 —_— 13 ) -— lhaé bl 18

3 10.4 — 15,5 ~ 20,8 -— 27.7 -

I 10.4 -~ 18 - 22 -— 29.5 -

g 11 11,2 19.5 33.1 "~ 2h.8 Lh2.5 29.8 55

7 9.6 12,2 22,5 31.3 23 bh.1 30,0 5L

10 - -- 22,0 38.4 26.5 6.6 28,7 53

b — -- 20,7 . 38.1 . 26,3  LS.8 28 L7
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Table 58,
The Behavior of Soda Precirpitated Ferric Nitrate Catalysts
Which wore Zxhaustively Washed and which were in Operation for a longer Period of Time

Operating Termerature: 233-2350C,

Catalyst No. 1 Catalyst No, 2 Catalyot o, 3™
Con- Liquid Con=- Lquid™ Con= Llguid
Days of traction, products traction, products traction, rproducts
operation percent, £:/9.  percent . /w3, rercent  g./wd
1 l'.‘ — 15.8 : - 15 -
3 21!»5 - 2903 - 2903 i
s 2553 hjos 2935 51-!1 3108 -
7 26 Lé.2 28.5 51,2 32.0 5L.5
10 26.7 50,6 29,0 h7. 31,2 50,0
lh 26.0 hé.ﬂ 2700 hl.O 319& -
17 26,0 L4z.0 26,2 38.1 3C.0 LB.3
21 26,5 h2.3 26,2 37.6 30.0 45,0
21‘ 2700 Lhu? 2605 3707 2807 -
26 — -_— -— " - 27.5 38.8
28 — 3,2 ~—~ 6.5 — -—
31 —— — -— - 27 3?-2
38 26,3 39.9 21,5 2803 26,0 33.

*Catalyst No. 3 was prepared in the sanpe manner as Catalyst No, 2 (fresh pre-
¢ipitation). The above figures show that it was even somewhat superior to
Catalyst No, 2,

d. Pelleting and Catalytic Activity,

The catalyst which was impregnated with 1/L rercent KQCO was extruded through
the pelletiny machine (cross—section-- mm. thickness,“1 fo 2 mm). The increase
of activity was somewhat more rapid than in the case of non~pelieted catalystis,
The activity decrease. however. was that much faster, The naxinum contraction
was reached alwesdy after 3 days, and the yield was then S grans of liquid
hydrocarbons, On the 10th day of operation, it had decreased to 50 grams, bee
twzen the 10th and lith cays, it varied between 50 and LO gramns, and at the

end of the 22nd day, it was 30 grams of liquid products per cubic meter of gas,
After 38 days of operation, eonly 13 grams of ‘liquid hydrocarbons wers formed.

8. Conversion of CO with Rater-vapor at Synthesis Temperature,

In connection with the benzine syntkesis, we were also interested in finding
out whether the iron one-component catalysi is Alaoedy in a position to ac-
celerate the vater-gas equilibrium at benzine synthesis temperatures,

A catulyst which centained 1/4 percent K2CO3 aml was prepared by precipitating
ferric nitrate was allowed to act on mixed gas at 235°C, for L8 hours, The
resulting contraction was 24,5 percent. Following this reaction, a mixture of

=52
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CO with steam containin, both components in the ratioc 1:1 was lead ovor the
catalyst. (Two liters of CO were bubblod through water at 83°C., the vapor
pressurc of water at this temperature is 1/2 atmosphere.) In the end=gas, we
found 32 percent CO, and only 7.3 Hz, whereas the CO contents had decreased
by 36.6 percent. According to this, the expansion was only S percent, (Aa-
cording to the water-gas gencration and agsuning a CO, formation, an oxpan-
sion of 32 percent is expected,) Consequently, we aré justified to conclude
that parallel to the water-gas reaction, the benzine synthesis occurs simul-
taneocusly., 1f one assumes that ¢ne CO, is farmed from approximately 2C0 + 1pe
at conditions aof the benzine synthesis, one is in a position to calcﬂ%atz ap-
proximately the original water-gas conversion. According to this, &0
percent of the CO was converted with water, After 24 hours, the CO, decreased
to 20 percent, whereas the expansion increased gimultaneously up to 9 percent.
We conclude from this that the benzine synthesls had decreased more rapidly
than had the water-gas reaction. At the same time, we found that one gram

of yellowish oil had collected in the receiver, After switching to mixed-
gas, the catalyst at first gave 13 percent contraction; 48 hours later, it
gave 28 percent contraction; and again produced colorlass oil,

%e have found that the ircn one-component catalyst at synthesis temperatures

is in a position to shift the water-gas equilibrium towards the COp directicn,
This discovery, however, is not yet sufficient reason and does not give suf-
ficient basis for exrlaining why the benzgtie synthesis takes a different coursc
over the ircn one-component catalyst than it does over cobalt and nickel cata=

lyStSo

K. Tegeneration Zxperiments.

a8, Uitk Ho at Synthesis Temrerature.

A catalyst which, after 20 days of opcration, gave only the small contraction
of 27.5 percent ané which furnished yellow oil already, was treated with U
liters per hour of Hp at 232°C, During the Hy treatment, the hydrocarbons
leaving the catalyst in small quantities did Aot have a orighter color. “hen
switching back to mixed gas, yellow products formed Just as before, The con-
traction, after the Hp treatment was practically the same as it was before;
however, after 4 days of operation, it decreased to 21 percent. Consequently,
no regeneration had occurred.

b. ¥ith Super-heated Stoam at Synthesis Temperature,

The experiments with steam may be summarized by saying that the fatigued cata-
lysts were treated with 10 liters rer hour of steam at 230°C, The contraction
at {irst decrzased to O percent, and increased slowly again, When the steam
was allowed to act on the catalyst for 24 hours and when thereafter mixed gas
was admitted again, the original contraction had not been restored. When the
catalyst was treated with stzam for only L hours, the original contraction was
obtained with mixed yas alrsady after J days of operation., In all cases we
observed that thc liquid products remained yellow, Consequently, no regenerae-
tion had taken place,

- (-. -
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¢, uxidation wivn . ir at Synthesis Tenperature,

After treating the catalyst for LD hours with L liters per hour of air at 23%°C,,
ths contraction decreased from 25 percent to O percent. Lven when the catalyst

vas allowed to act on mixed gas for several %ays, it remained inactive,

The regeneration experiments brought—out, therefore, that sc far.we have not suc-
ceeded in regenerating an iron one~component catalyst,

G -

&. Alkalization with Sodium Carbonate,

The alkalization with 1/8 percent, 1/h percent, and 1/2 percent of sodium car-
bonate yielded a smaller activity than with the corresponding potassium carbon-
ate exporiments. The times of induction are longsr, After approximately 8 days
of operaticn with 1/l and 1/2 percent Na,CO,, maximum contractions of 23, re~
spactively 28 percent were obtained, The mgximun yield for a catalyst contain-
ing 1/2 percent KapCOj was LS grams of 1iquid hydrccarbons after 8 days of oper-
ation, It is remarkagle to observe that the catalysts alkalized with rotassim
carbonate retained their activity for a longer period of time. After L2 days
of opcration, the catslyst containing 1/2 percent. Na,CO, still vielded LO grams
of licuid hydrocarbons; the one containing 1/L percefit 2,004, after the same
length of time, gave still 36 grams of liquid hydrocarbons., ~For both catalysts,
hovever, the oil was yellowish in color. At this point we want to mention a
catalyst for which we observed the longest time of operation ever obtained for
an iron one-component catalyst. Ve are talking about a ferric nitrate cata-
lyst precipitated with soda which was, however, not washed exhaustively, (See
Table 56, test a) This catalyst was not alkalized after the washing operation,
However, the water from the washings showed that at least 1/2 percent Na,CC

was still contained in the catalyst as residual alkali eriginating from the
precipitation. It reached its highest contraction only after 20 days of orer-
ation (27 to 28 percent, macimum yield, L6 grams), and between the 8th and L2nd
days of oneration, gave more than L0 grams of liquid hydrocarbons., On the SB8th
day of ocreration, the contraction was still 23,5 percent, and the yield 38
grams,

/6i7'ﬂu1ti-component Catalysts which were frecipilated in thebsame Yanner as
the RBest lron One-component Catalysts,

a, Iron=Copper Catalysig.

Stimulated by the good results with iren onc-component catalysts, it was sup-
kested to find out wha% influence the presence of copper would have on the
test iron catalyst. It apreared to us that a furbher increase in activity
should not be impossible. As the experiments show, however, no irprovement
but rather a deterioration resulted. ¥e precipitatad ferric nitrate-copric
nitrate solutions in the same manner with soda as we rrecipitated the iron
salts from which the pure iron catalyst was made, The copper quantities used
were one porcent coprer, 5 percent coprer, and 20 parcent coprer., For the
first series of exprriments, catalysts were used which wsere not alkalized.

- o -
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In the course of 7 days of operation no offect of the copper could be determined,
All three catalysts behaved exactly as did the copper-free iron catalysts- the
contraction was around 10 percent at 235°C. In a further series of experiments,
the catalysts were alkalized with 1/4 percent K,CO,. The contraction went up
to 27 to 28 percent independentlyof the copper quax 1y e The yleld of liquid
hydrocarbons was, in the best case, L9 g./’. After 2L days of operation, the
products formed were yellow alrewdy at an average contraction of 26 percent and
38 grams of yield.

b. Iron~zinc-oxide Catalysts,

A rrecipitated forric nitrate catalyst after having been alkalized with 1/L per-
cent K2003 was mixod with some ground freshly-prepared zinc nitrate. Three
catalysts”of different zinc contents were thus formed containing iron and zinc
in the ratios 100:1, 10:1, 2:1, The zinc-carbonate wns precipitated from zinc
nitrate with sodium carbonate., When the activity of these catalysts was deter~
mined, we found that tho catalysts containing 100 parts of iron to ome part of
ginc, and 10 parts of iron to one rart of zinc acted practically in the same
way as did the zinc-free catalysts, The maxisum contraction was 31 to 32 per-
cent; 5L to SO grams of liquid hydrocarbons per cubic meter of gas were formed.

The catalyst which contained 2Fe~l?n had a longer time of induction. It gave

its maximum contraction after 10 days of oporation (30 percent, with 49 grams

of liquid products). After 38 days of operation, it siowed a somewhat smaller
decrease in activity than the more zinc-deficient catalysts. The influence

of the zinc which is present in the form of zinc-oxide, at synthesis temperature,
is therefore only slight,

3

ZF. Perric Xitrate Decomposition Catalysts,

Bomdl
If we wewmdd rave succeeded in preraring decomposition catalysts which had the
same activity as the precipitated catalysts, we could have cheapened the cata-
lyst considerably by saving the soda, the wash-water, and scme time of opera-
tion.

As starting material, we used the ferric nitrate solution, which we have re~
sorted to beforey when preparing the precipitated catalysts. It was evaporated
to the consistency of a syrup (partial decomposition). Phrough some preliminary
exp.riments, we found that the catalyst is more active the fastér the decompo-
sition occurred. Therefore, the thickaned nitrate solution was rapidly decom-
posed by introducing small portiocns into an iron pan heated directly. It was
stirred continucusly until the evolution of nitrous oxide fumes almost ceaszd,
The red-brown oxide was immediately removed from the hot pan, The best cata=
lysts were obtained when alkalization was carried out before the dccomposition°
The alkalization was accomplished by adding the calculated quantity of notas~
sium carbonate to the nitrate solution. ¥Yith 1/L percent K CO and at 235°C,,
a contraction uv to 29 percent was reached and LB grams of giquid hyirocarbons
per cubic meter of mixed pas were formed, It did not matter whether the cata-
lyst was powdered or whether it was used in small pieccs, such as were obe
tained after the decomposition° As compared to the precipitated catalysts, a
faster decrease of activity is noticeably because after 13 days of o¢eration
the contraction had decreased to 25 percent and the yield to 38g./

.../9-5’-
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A treatment with mixed pas followed by air, di. vice veraa, prior to taking the
catalyst into operation, proved to bLe more unfavorable than a troatment with
mixed gas alone,

Re added some starch to the catalyst to be pelleted (one gram of starch per 10
grams of iron). The pellets had a diamcter of 3 mm. Their activity could not
be initiated when treated with mixed gas alone. By treating first with air
and followin, with mixad gas, a catalyst which contained 1/2 percent K2C04
gave 1l percent contraction,

(’ XVI. Investiyation of tho Keaction Products on the Iron Catalyst,

Since the lrboratory experiments ylelded very small quantities of material, we
did not make very thorough analytical studies on the composition of the reacs
tion products. In this connection we refer to the end of this section where
we have discussed the results of a semi-plant scale operation.

A.
(Bahr s Con'ents of Unsaturated Hydrocarbons in the Synthesis Products (Denzeme + 0il)
as (Obtained on Iron Catalysts, )

¥e found that an iron-coprer-manganese (L:1:1) catalyst containing one percent
K>CO, gave the followini products containing unsaturated hydrocarbons as shown
in tge following table,

T Z 3 L 5 o
Temperature, ©C, 200 210 220 230 240 2Lo
liters per hour 2,7 L.0 L.h k.6 3.l 9.8
Volume percent in
i50), divided by 18.2 L9 185 194 29.3 41,7

Po0c soluble (un~
safurated).

The above summary shows that the contents of unsaturated compounds in the reac-
tion rroducts varies between 5 and L2 volume percent. Except for some irregu-
lorities, we found that the oil is more unsaturated when it was rroduced at a
higher reaction temperature, Furthermore we can recognize that at lower gas
rates an oil is produced which is more saturated {Expcriments S and 6), Tith
watersgas, a product is obtained which is richer in unsaturated compounds, The
benz;ﬁé plus oil obtalned from water-pgas at reaction temperatures between 230
and 2LOPC., for instanie, contains 15 rercent volume percent unsaturates,

—

o. Paraffin Zxtraction from Iron Catalysts,

In the course of the synthesis, the iron catalyst takes up a certain quantity
of paraffin which it re“ains within its body,just as we have found #% to be the
case wilth cobalt catalysts. We extracted this paraffin out of the catalyst
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using benzol or hydrogenated Kogasin I. Thus, we obtained up to 30 percent of
paraffin, based on the catalyst weight, by extracting. The paraffin quantities
incorporatsd in the iron catalysts were not quite as high as in the case of
the cobalt catalysts, The reason for this may perhaps be that these NaOll iron
catalysta, on account of their short lifetime, did not have enough time to be
more completely saturated with paraffin.

A morz close investigation of the extracted paraffin showed that just as with
the cobalt paraffin, it could be scparated into a lower melting and a higher
melting portion by extracting it with a solvent such as ether. By multi~
extractions, with ethor, of the hixh-melting portion, again a product could
be obtained which had a solidification point of 99°C., and melted between 11k
and 117°C., Consequently, high-melting paraffins may be obtained from the
iron synthesis also,

(Meyer)
Tabls 59
Paraffin Quantities Retained by the GFe~1Cu Catalyst, Relationship

Between this Paraffin Quantity and K,CO, Contents of Catalyst (10 grams Fe)

Consump=

K,CO tion -of Extraction Paraffin in Contraction

TXD. congen s, Days of  wmixed gas of paraffin g./n* of Ter= arter

no, percent operation per - in grams mixed gas cent days
1 0 50 5.0 k.S 3.9 20 - L2
2 1/16 60 6.0 5,5 1.1 23 L2
3 1/8 60 €.C 7.8 1.3 25 L2
L 1/4 g5 5.5 10.1 1.8 26 L2
5 1/2 20 2.0 10.0 5.0 18 21
7 32
5 1 10 1.0 12,¢ 12.0 e 7
7 2 7 0.7 8,2 11.7 7 n

Table 57 gives information about tha paraffin quantities con‘ained in iron cata-
lysts with varying amounts of ¥,C0,. This data is for a definite period of
operation. Tha third last colwrin indicates the quantity of paraffin which was
obtained from the catalyst by extracting it with synthetic benzene (fraction
8C«100°C,). The quantity of paraffin given there is given as grams ror cubic
reter of mixed gas put throuph the unit. The catalyst with 1/4 ncrcent 204
contained arproxirately twice as much paraff{in as did the cazalyst which gan—
tained no X CO3¢ A catalyst containing 1/2 percent KoC0, after bLelng in operae
tion for 20 days, had already taken up the same quantity  of paraffin as did

a catalyst containing 1/L percent K»C04 after 55 days of cperation, Still
larger raraffin gquantities are contain&d in the catalysts alkalized with one
percent, 5355§c£§§5=§—e percenty, ¥,C0,. The decrease of activity of the cata-
lysts incgeages with increasing paraffin formation (last column), To—this oo
8koudd be aﬁgkgg that the decrease cof the activity does not derend on the
quantity of the paraffin taken up by the catalyst, but rather derends on the
4imultaneous aprearance of decomposition troducts of the paraffin., These de~
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composition products show up in a more pronounced way in the case where heavily
alkalized catalysts are used, For the catalysts containing little K2CO3, the
appearance of the decomposition products does not set in as early,

Sumarily ona can say that whem iron catalysts up to approximately 12 grams of
high-melting paraffins may be extracted from the catalyst per cubis reter of
mixed gas put through, provided that the catalyst contains 1 to 2 percent K2C04.
In the interest of good lifetimes of the irom catalyst, it is recommended,
tharefore, that only small to noderate alkali quantities should be added.

<.
(Ba/hr)‘ Acid Products.

Just as in the case of cebalt catalysts, so also with iron, not only benzene,
oil, and paraffins are obtained, but small quantities of acid products as well.
When the synthesis is carried out with carrier-free catalysts, these acid pro-
ducts are chiefly found in the oil; but also to-some oxtent in the paraffin
which can be extracted from the catalyst. Such acid products may be obtained
from the catalysts almost immediately if the catalyst is boiled with a one to
2 percent normal Na,CO, or NaOH solution. One then¢&btainsdquicky colored
yellow exiracts which gftar an acidifying extraction with ether and evapora-
ting off\the ether, leave behind :iemi-liquid products of pungent odor which
reminds one of-the higher fatty-acid series. In one case we obtusined 0.5 grams
of such acid products after extracting LO.S grams of a catalyst having served
for some time, that is, aprroximately one percent of the catalyst weight. Zer-
hare the activatiny alkali contents of the catalyst gradually enters into re-
action with the acid products and formg socars, It is possible also that to a
lesser degree fatty-acid salts of iron, copper, and maneanese might appear.

In this connection, an older experiment is of interest during which the used-
up catalyst, after the raraffin extraction, was treated with sulfuric acid,
When extracted with benzol, the catalyst gava 9 percent paraffin as refer-ed
to the catalyst welght. In order to remove some ether soluble rroducts, which
might have still been present in the catalyst, it was boiled out with ether,
and thereafter it was rofluxed with dilute sulfuric acid. When the acid was
added, almost vioclent COy evolution occurred, After filtering off the insolu-
bles, the sulfuric acid solution was extracted with ether in the rerforatcd funnel
and the insoluble residue from the catalyst was boiled out with ether as well,
Both extractions were combined, and after evaporating off the ether, thc com=
bined residue amounted to 1.2 grams of a liquid product in which amall solid
particles were dispersed, The whole mass had a pungent odor. Referred to the
final weight of the catalyst, aoproximately 9 percent paraffin was obtained
and b.L rercent "acid products",

It does not appear that the decrease in catalyst activity should be caused by
a combination of the acid materials with the alkall of the catalyst (tc fora

~ . fatty~-acid salts). In Section III, as already mentioned, we added one porcant
of potassium acotate to the catalyst without impairing the activity of the
catalyst.

'£L4AL

dhether the iron catalysts, on accoumt of the added alkali, Ims a stronger ten-
dency than cobalt tc form acid rroducts could not be ascertained so far,
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Strangely enough, the reaction water, and the liquid products obtained from the
water-forming kieselguhr catalyst react essentlally less acid than the liquid

products of the carrier-free catalysts. Either the acid products do form to a
smaller extent when carrier catalysts are used, or perhaps they are formed just
as abundently, but are retained to a greater deygree by the carrier catalyst.

XVII. Advantages and Disadvantages of Iron Catalysts,

Surmarily the followings may be said about the advantages and disadvantages for
using iron catalysts:

1. Then iron catalysts are used, we do not have to rely on the expsnsive
and rare cobalt, but can use instcad, the cheaper iron which is avail-
able in Germany in unlimited quantities. An addition of expensive
thorium is not required. The preparation of the iron catalysts can be
carried out technically in the samc type of apparatus as the cobalt
catalyst is—prepzref, that is, either by dissolving iron in nitric acid
or hydrochloric acid. For the precipitation in both cases, soda may be
used, .

2. The iron catalyst may be taken into opcration with mixed pas immediately
at the proper reaction temperature without a previous reduction with Hp
at higher temperatures, For this reason, no reduction furnace (working
at higher temperatures) is required as compared, for instance, to the
reduction of the copper~free cotalt catalyst where such a furnace is
used.

3. The lifetime of the iron catalysts, svailable up to now, may be regarded
as sufficiently long.

L. 7The fatigued iron catalyst may be regenerated by 2 simple treatment with
air (after previous extraction). By doin. so, it regains its old activity,
This is quite contrary to cobalt catalysts.

S. The highest yield so far obtained with iron catalysts is 60 grams per
cubic meter of mixed gas. The average yield for 6 weeks of oparation is
50 grams per cubic meter of mixed pas (uncorrected).

: <

6. The products of the iron catalysts (benz¢ne, oil, and paraffin) are quali-

' tatively the same as in the case of the cobalt catalysts. The iron cata-
iyst offers the tossibility to nroduce benzgffes with a high content of
unsaturates.

7. The iron catalyst has the a. 'vantage of being cheaper, being easily takea
into operation, and demanding only great simplicity in its regeneration.
It has the disadvantage, however, over ithe ccbalt catalyst in that i
furnishes only half as high a yield,
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