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FUSED IRON CATALYS?S FQR 0O - He SYNTHESRS

Tho subjest of this report sre the iren catalysia wkioh were
toveloped by Dre E4. Linekh for the 00 - Hp synthesis st elevated
temperstures end pressures with referenes to the ammonis cat‘l‘;ﬁn
These eatalysts are fuesed from metallis iron in a stresm of mﬂa ia
the faniliar memier with sdditien of the desired promoters, As- m
exides the resulting hard sempact masses merkedly resemble nuun;
eres, ia psrticuler, magnstite.

1, Optigsl Investigations

In 1936 Dr, iinkler acked me whether it was possible %6 mltau.

the fused iren satelysts by microscople investigatien and whedlisy in n

-

doing any facts oconld be found to subdstantiate the effectivendss of tkcoq_

catalysts, Aiscording to the oharacter of these catalyst masses 1% Beemed
possible thet misrosceric investigation based on the methods used with
ores wguld offer the answers to the questions raised, |

| Up to tast time sbout 1200 varieties of cstelysts heq sesn
feveloped by Dr. Linckh. fhe bulk of these consisted of fused im
catalyets. of thoae the most typioal and the moest 1nt‘“otm nrc
selected for inﬂstigaticn. Sections were ground and previsionsl 1nm~
tigations were started with a makeshift ore miirosoope, |

The initial orientation investigations revealed distinot

tpucal differenass in the indjividual catalysts. amaoquenny e hepol
to tttun practiosal results as in m shave projest 'ith uyatmtu
hlmupttm.




The plenned investigstiona were initisted on procurement of
& suitable ore rioerosoope,

'l Drs Linckh's Fused Catalysts
The series which wss investigsted comprised 44 cat:lysts. He

{nformation was furnished on the effeotiveness of the catalysts in order
net te influenoe the eptieal investigations. Sestions of natural hematite
and magnetite wers sempared,

With the uneided eye these ocatalysts reveel the typiosl appesr-
snce of fused catalysts, such as smmonis cstalyste. They are compaot,

herd and friable masses splintery te Jegged cleavage of a grey eoler
with a 1ight reddish to blgiash cast in the fresh sleavage. They tarnish
with & 1ight brownish cole¥ snd often exhibit more or less white efflor-
esoens.

In the case of the vulk of the eatAlylts‘littlo orystéls ocan
be cbserved with the unsided eye, The blocks of the ha:donoa melts
sontsin for the most part cne or mere csvities (odntractien cavities)
which are generelly 1ined with well-formed orystals or orystsl skeletons,

_The complete orystsl formation of the coarse cleavages san be satis-
factorily recognized with & hend lens.
Thres separate types were cslearly differentisted by the micro-

- seopic investigstion. These were designated as Types I, II and IIX. This
type éfvd.ﬂignation-is aupioyoi te oharscterise the catalysts. In Type - .
Iitﬁo orystal grains have s80lidly coslesced and are partislly indanted

; into esch other. Thers is no "binder", that is, no subsiance which lies

: bvetween the orystels end £111s the fissures. Types II snd III, on the

' other hand, follow this pattern. In these cases the erystels are sep-

erated from each other by narrow fissures. These are filled with such l
|
|
|
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& "binder". Type II ig uniformly vitreous with no specisl propertias.

wherza8 Type III exhibits 1ittle orystale in the viftreous mees, or is

devitrified. The orystals are then practicaslly vertical to the clesavage
| planes,

I should therefore like to conceive the estzlysts of those two
types a8 "superssturated”, i.e. the smount of the additions excesds the
absorbing or dissolving power of the megnetitic base orystals or, se s
result of their type and make-up, they are so 4ifferent and foreign to
the bzse crystal that only & nsrrowly restricted sdasor -tivity ecours,
In this conneoction individual elements appﬁur to ast a8 "dissolving
agents™, f.0, in their presence s more extensive or completer inscerpor-
stion of the 8dditions into the base crystals coours. An imege of
Type I ean thereby be formed. The slements of the earth alkaline group,
particnlarly oalcium snd barium, appear to exert this aotien.

The base crystals themeelves alwasy exhibit & more or less
strong optical anisotropy. The resl msgnetite, natural Feg0,, is
normslly =xmisotropic e&s & purely oubioc minersl, that is doces not show
"any doudble refraction in polarised 1ight. All the orystal grains exhibit
‘the same degree of darkness irrespestive of how they wers ground. On
~being rotsted in polarised light they show no brightening er extinetiem,
Magnetites of varicus orignis exhidit weak anisotropy which is &scribved
to s more or less high aontent of r.aog. This goours in its natural
state as hiuatitt rhombohedral orystsls and ecnsequently possesses:
strong opticel enisctrepy. This may else bs true with fused eatslysts.

Foliched seotions were completely satiafagtory for the eompsr-
ison investigatien, Etshing experiments with verieus resgents ied to
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were costed with
ne utilisadle reesulis. The orystals various celors, partieunlarly

in verieus shedes of brown, but the cactions were sttacked so vigorously
that they ocould no longer e used for miorcsscopic investigstion, The
atohing sxperiments wers thersfore discontinued, particularly since
investigstion of the simple polished sections sufficlently revealed the
properties,

These older aatalyst cen be divided into two groups on the
bagis of the material aveilable to me on thelr make-up and catalytis
agtion,

The first greup is derived fyom Catslyst Ho. 142 by & variation,
It oonsists of & simple mixture of irem vise 4.5 per sent ursnyl nitrate
and 4.5 per sent TiOg. These catalysts all helong to Type I, 1.e¢ they
40 not contsin any binders. The srystsl greins sre 81l intimstely
coalesced and exhibit vigerous snisotropy and nsrked extinctien. As
fsr &8 I osan gsather from the d4sta they possess good gatalytie properties,
especislly as regards the formatien of hydrocsrbons. The 1ncxba! the
vitreous or orystalline hin&or jesds to the conelusion, 1n view of the
oxinting homogeneity, that the sdded promotere are absorved inte the
orystal. The optiesl snisoiropy points to the fact thet more or less
intense lattice &isturbsnces &re brought sbeut by the {ncoxporation
¢of moleocularly-foreign substances into the orystsl anion. The homogen~
eity of the strusture loads to the gonolusion that a homoganconﬁ
"aigorete™ dispersion of the lattige-distrubing promaters cbitains here.
Howsver, the chemiecal make-up of these promoterse oonditiens the direction
in whish the catalyst acts, ind furthermorethe intensity of the lattioce
disturbance conditions the oatalrytic inteneity of the ocstalyst, depend-

ing on the type and smount of the promoters, This appears 0 PTrogress




up to 8 cetrain threshold which is located just before the start of
the formetion of new crystallographisc units, These can then be rogogniszed
a8 deposits of the most varied kind.
4ttached are photoz.a he of two typical catalyet sections of
this group.
(Photozrapha on page 4)

Homogeneuos crystalline msass in which the individual orystals
ere almost Jointlessly coslesced., The individual cryetal graine are
frequently recognizable only as a result of the anisotropy. fntense
snisotropy with pronounced extinotion. In places lamellar formation
which may possibly be caused by beginning disintezration and twinning.

Very sotive ostalytioslly, especially with respect to hydro-

carbona,
k319

Here the coslescence ia even more intimate, The boundaries of
the graine are practically no longer recognixsble. Yery intense aniso-

tropy and vronounced extinction.

Yields even better: Also favere hrdrocarbons.

The second group, to which_!ypai IT and III are to be olssged,
is derived from Catalyst Neo. 997 which is essentially desoribed in
German FPatent 708518,

In these catalysts the individusl orystals are not tntinately
coalesced but are almost always separated from easch other by fiscures.
These spaces are filled with = vitreous binder céntaining a multitude
of fine, strongly double refrective, colorless or nesarly

colorless arystelline needles. This is the normal Type IIIs In indiv-
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1dual ceses the binder msy be completely cryetalline. Those oatalysts
in whieh & purely smorphous-vitreous binder existe 8re thqught of as &
type in 1tself, Type 1I. This binder, perteularly the amorphous form,
ig strongly attacked when the seotions &re etched with scid reagents.
In genersl, & slighter anisotropie ie axhibited by ‘the magnetitic base
: eatalysts possessing good catal: tic
orystsls, even in the action; However,
they do not exhibit 28 marked an extinetion ae the humogendoue satalyats
of Type . 1t is anclesr 1o what extent the binder participstes in
ocatslytic =sotion. It is assumed that the gilicatic or other
compounde of gimilar make-up separated out insofar as the Dbsse crystals
could ahsracter

not ebsorb them, A eryetalline mixture of petrological is
formed, ifter reduction of the catslyst to metallie iron the binder
esn no longer be recognized. I shonld like to sssume that we now have
e mixture in the moet intimete aispersion which is mow in s position.
4o resct ostalytically. Quantitatiio ptstements connoet be mede gince

guitsble optiesal equipment for this purpoee is not availsble.

Type 11
X 1169
Irregulsy, partially gharp-edged granules with purely vitreous-
binder. This completely smorphous base orys tal weakly snisotropic.

Effectiveness good. 0il enriched with oxygen compounds.

Type 111

te middle-grained, strongly f£1sked orystals.
A1)
Moderately intansely ‘nisotrOpiof Soneidersble vitreous binder




oonteining ebundant quantities of fine needle orystals,
‘ . Bfféoieney
Parent estalyst to whioh the others are acompsred.

good, even though appreciadly oxaggeiatod.

K 1843 7
| Small to middle-grained. Very porous. Msrkedly segmentsed,
iieakly snisotropie.
Abandantly vitreous, almost colorless, transparens binl‘r’ylth
many markedly doudle-refractive 1ittle crystals between the orystals,
Good yields, particulsrly with eils |

K 1259

Middle-grained. Partially soarse.

All spages filled with vitreous binder with strongly doudle-
refragiive 1ittle crystals., Base orystale distinotly suisotropia.

Yields mederste to good. Marked tendensy to o1l formation,

K 1259
Sams srea in polarised light ,

2. Own Experiment Series

~In thie connection the purely empiric methed of werking which
had ‘been employed up to thst time was sbandoned, |

The point of departnrolfof these 1dess was the fast that the
fused catalysts on sn iron base essentially poesess s spinel gtructure,

doriving from megnetite. In the oharecteristic catalyst No. 997 the
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addition of S10g snd T10g, thut is, wgoidio" oxides, eppesr to exereise
the strongeat  influence. Consequently, & nevw cntalyst, titanium msgnetite,

‘ _ in & solid silutien,
1.0, & megnetite containing titanic iren or ilmentite/ was selected sas
& model for the pisnned series of experiments. Helts 1887 and 1288 were
formed, contuaining 26 per cent by weight, 17 per gent Ti0g, apart from
jron, Anslysis of the melts gave

1287 - 51 mol % FegO4 49 mol % Fe0-Ti0g

1288 ~ 46 mol % FezOq 23.5 mol % Pe0-T10p

Thess melts which contained extremely high contente of Ti0g
produced eections exhibiting vary marked enisotropiuy.

sietinet disintegration phenomene sppear in 1287 whieh prsoticslly
diesppear in 1288. Since natursl titenium megnetites exhibit a slight
eontent of Ca0 for the most part, the following Melt No. 1289 was fused R
from & batah conteining B per cent Callz. The recult was & practicsally
homogeneous melt which no longer disintegrated but still exhibited
strong snisotropy. it seems that, despite the hizh content of 18 per
cent of Ti0g, &n eguilibrium is schieved by the 8ddition of csleliunm,
the osloium acting to & certsin extent as s dissolving sgent.

After the success with 1289 a batch corresponding to tha old
Setalyst 997 was used with an addition of Cal0z. This resulted in &
highly-porous oatelyst mess «&ith distinct enisotropy of the base crystals
and & practieslly completely orystalline binder. Becsuse of a defi-
cient conception the iron content wes 100 smell,
Thie resulted in marked gsupersaturation and the added substances were

very inoompletely absorbed by the bese crystal, The faultl of conception

geems to be &8 follows.




it woas assumed with the new melts that the added substances

reacted with eech other and were partly absorbed by the base orystal

in this form, but for the most part sepsrzted out in the form of

the "binder". This sesumption, however, eppesrs to be ineorrect. It

would appesr that the basic additives (MnO, CaCOg, KpCOg eto.) resct

to form ferrites, wherese the acidic additivies (310g, Ti02, 2Zr0g) form

corregponding iron compounds, 6«8+ Feo.Ti0g eta. Followving the exumple

of Catalyst 1290:

Agcording to the o0ld conception:

10 P20 . FepO3y

1 Fe0 . Ti0g

1¥n0 . K0 « S40g
1l Cs0 . T10g

Accvording to the new gonoept:

10 FeQ . FogOg
1 ¥nO . FegO3
1 Ca0 . Fegly
1 K20 « Fegog
1 Fe0 . 5310
2 Pe0 . Ti0g

&1 mol e
£ mol Ti0g
1 mol ¥n0
1 mol 8%
1 mol CaCOgy
1 mol KpCOg

39 mol Fe

1 mel ¥noO

1 mol C=00z
1 mol KgCO3
1 mol 34
£ mol I40p

This means that the iron ocontent was too low in the former con-

‘eept, that is, noet enough FeglOg was formed to absorb the new compounds,

This had to result i{n & “supersaturated” melt with & vitreous or erystal-

ine binder.
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produoce
The following melts proposed to a magnetite-zine ferrite-

celeiunm ferrite mized crystal with a partisl content ef TiOg. All told

4 melis were produced of which nalf conteined twiee the amount

of iron se the first hslf. Along with & base srystal of moderate aniso-
tropy the two titsnium-containing fcrrife mixtures show new-iype oryatels
witk marked doubls refraction snd even extinotionx which form lamellar
poli-twins, Je are sertuinly net desling here with oubic spinels. A ne¥
compound has baen formed about whose dhemical étructure nothing
esn be ssid. Couversely, the titaninm-chtaining ferrites exhibit the
normal pioture of anisotropis, still cuble bsee orystales The anisotropy
is certainly intensa but no new formations have been observed. In all
eceses, however, eny trace of vitreous binder is missing. It is clesar
from the mieroscopic picture that tha 41 tanium-containing mixtures, in

pertionlsr, are fused to sa 1sfsectory, spinel-like mssees.

The next group is derived from the slresdy described Catalyet
Ho. 1890 . T10p ie replaced by zr0p and 310g by Tiog and
3r0g, so that finelly only Zx0p is used., The two last catalysis 1899
and 1300 contein BeO instead of Ca0. In the presence of Tidg‘plns 510g
bindqra’appoor.whiah_conplotcly disappear from 1297 onwards, However,
new formations of 8 chemiaeslly and oryetallegraphioally unknown type
:ypoar. 1297 ghews the groundmass of the erystals of the type known
aineo then te bs clesrly sanisotropic. Pispersed in this mase are intensely,
double-refractive crystals with sherp, even extinction which form poly-
tains for the most part. They eppesr to be unisxisal, presumsbly tetra-
gonal corystals., At 1898 the previous base orystals ahve sompletely 4is-
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sppeered, In their place sppear narrow ridges and spiky orystsls whioch
coelesce below 80 or 120 deg C. The sicture is very uniferm, The oryetals
exhibit sharp, even extincition and intense enisetropy. It appears that
regular, gpinel-like corystals no longer oscur here, but ratheyr
pseudle-rezualr, supposedly tetrzgonal new formationl. In the orystals

themtelves finely-divided separations sppeer, ss 1n/enteqt1¢ decoempositien,

1299, Here Ca0 is replaced by Ba0, Agsin & complately orystslline binder
appears., The totsl pisture is quite similar to 1298 even theugh the an-
1s§tropy 1s not so intense and the extinction not se sharp, Numerous '
ridge~shaped oryctale with pronounced twinning., Only with 1300,which alio
ocontains only BsOx and only Zr0g a8 an aoidio additiomn, do we receive
the predoxminant impressien of the formation of a new fomm ot-haaq
ery-tal, Generally marked anisotropy, even sharp extinctien of the
erystalline ridges which sre msrkedly twinned. Almost the same- picture
a8 with 1£98, only oempletely orystalline binders egaim appesr,

In this group 1290, 1298 ~ 1200 it is clear that 2 modification
of the propertiee of the base arystals appesrs which is apparently not
fer-resching by the replasement of 310g plus Ti0g by ZrOg. The following
group 1301 to 1806 inclusive exhibite 6orr0990nding modifications. S10g

'plns 7102 no longer appera to ito exercisme decisive influenae. The jump
might be explsined

te Zr0g, ho+ever, sesms to de very much greater. This

by the differsnce in stomic weights (81 = 88.3, T1 = 48.1, Zr = 90,6).

The followinz -reup = is difforentiatﬁd from the one
desoribed above only by the fact thet ite iron content is double: The
first tia. 150 and LSOB. whioch eorrﬁapon& to 1290 or 1295, exhibdit no
marked optisal medifications thanks to their oenteﬁt of S10p plus T10g.
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in 1308, which contains 510, slong with ZrOgz, the influance of Zr0g
appears %o be merkedly inhibited by the 5i05. In 1303, which contains
fx T10g slong with ZrOz. marked modificstions appear, such eaB the
formation ef markedly snisotiropie, markedly twinned ridges which
epparsntly no longer hsve anything to it do with ounbis crystsl forms.
The eame impression is nlso offered by the following cotalyste, 1304 -
as in the cese of 1299 and 1200.
1206, The last twox (1506 &nd 1306)
visibly show e distinet
coarsening of the newly-formed erystsl
ghepes by the replscement of Ca0 by Ba( and, if posridble, with intens-
ifiéation of enisotropy eand twinning. It is peculisr that a1l the c¢at-
alyste, decpite a doubled amount of iron, cerry "binders™ sgeinst all
expectation. The binder ie campletely orystelline bul occurs in notie-
ebly greater quantity than in the previous group. The ocontrsction
eavities of the fused blooks zlways oontein octahedrsl crystals with
& marked growth of edzes,
~ The next group, 1807 to'131! inelusive, is derived from 1297
or 1299 in which Cs0 or Ba0 1is replaced with rare earths. Lanthanum
sesquioxide, "Ausr oxide mixture” (Gemischoxyd Auer) and“didymium *
Auni oxide" were employed. The "oxide mixture" consists primerily of
lsnthanum oxide and neodymium oxide; 4idyminm oxide sonsists of sbout
esqusl r~arts of neodymium oxide and praseocdymium oxide with some lanthanum
 oxide. Thus, there ie sctuelly very little difference between the
thres oxide miztures, Correspondingly, the pictures of the three melts
are ﬁot very different. Although otherwisse of the szme eomposition,
1310 to 1312 contain double the smount of iron of 1307 - 1309, Aleng
with a comperatively small proportion of bess orystasls of the fzmilier -
type, there slse occour large flaky units of markedly anisetrépio,
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nsrrow orystal ridges with sharp even extinotion which are considered
1o be new-type tetregonal orystals. These sppeared in very much the
same meanner 1in all 6 melts. Thus, the exide mixtures exhibit a marked
influerios withouv bringing sbeut distinetly specifis totions.‘

In thsvféllowigg & group of modified oatelysts are treated,
The bdbulk has been modified by the addition of cepper together with
roteseinm in an squal molecualr proportion. These catalysts differ
externally from the originel oatalysts by a peculiar, 1ight bluish
soloratien in the fresh fraature, whereas the frosh clearvege plane
ordin#rily is of s dark gray color with a ueek brownish red cast.

In genoral the edditienm of cepper to the mixture appesrs te
effeat a simplification of the section pioture, i.e. the melts were all
very all uniform and homogeneocus. FPor the most part ths vitraous‘bininr
markedly receded or completely dizappoarodf’tho anisotropy in the
individual sestions was similarly very uni{fomm end epparently somewhat
Intensified a8 compsred to the oopgor—free melts, The peculisrities of
the melts 1301 ~v1512, 1,0 the intensely enisotropic new crystal forme
stione, have disappeared and- the sections resembls each other to s
great extent. 4% appesre as if the aopper, similarly to the Ca0, aots
88 & "d4ssolving sgent” to a ocertain degree end theredy ascomplishes
thln'lxaplifleatien end afandsrdi:ation. In the catalyets which exhibit
marked 1nhen§gdnoity, i.¢, in which nes formetions openly oscur, only
slight d-oeapoaifiohrphenOmana appoar.cn sddition of ooﬁpor to the
mixturo which étherwise remains the same,

In further modiSieation experiments melts were produced where

~
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the alksli wes omitted, the mixture otherwise remaining the same (997 ff,
1300 ff., 1206 ff.)e The melts produsced in this fashion show no diff-
erances in their saotion pioture from the normal,valkéltvfree melts.

The following sx.erimental series was produced by modification
of the two initisl catslysts 1288 and 1289,

tozether ,

Firet potsssium and then potassium and copper/are intreiuced,
1288 X, 1288 Cuk plus 1889 X showed prastislly no differences, °mall
cubic orystals sombined te form treelike units.i’he spaces were filled
by a metal-white, lusirous nass which was markedly esnisotro:ic and
>exh1bit0d sharp extinstion. The erystals themselves were weakly to
moderately anisetropie. This boundary separation was interproted ss
FegOg (hemetite) by compsrison. Apparently the formatien of sbundantly
exocess Feplg #as promated in the presence of XpCOz, &t least to a certain
dezree. On the cthsr.hand. 1289 kK serves &s & connecting link batwgcn~
the initial melts snd ihe following ones whioh were planned sccording
to snother principle. This catalyst exhibits a grauular-spiky formation
without any binder, that is, a very divergent pisture., ihe intimetely
coulesced grenules are weakly smisotropic. In spots small quantities
ef‘Fogog sppear. The overall picture of this seotion, however, is the
gsme &8 the other melts of the series 1313 to 1324 which belong to 1%,

Thig series was froiuced by modification of Catalyst Ne. 1239,
ca0 being replaced by Ba0, Mg0 and Znl. Ep0O or KgCOg was then aided,
then Cu0, and then Eg0 plus Cul0 together in the and members., Thus, &
catalysts belong together. The same sequence is slways meintsined: Bao,
Hg0 end Zn0. The sections of the first three astalysta 1313 - 1318
40 not exhibit any great differenees. The closely sozlesced base orystals
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oxhivit distinet anisotropy end extinction. There is an aksence of binder

in all instanoee.

The three following melts 1318 ~ 1318 contaln KgC0z, otherwise
remaining the same, 5gain the sections show pretty much the same piecture,
1317 which contains ¥gO devisting the furthest. Very little anisotropy
ocan be proved here, In =211 three, however, & completely erystalline,

vitreous
strongly dcuble-refractive binder ocours., This/binder appesrs tc be
immediately formed whenaver Ks0 ie sdded in any form when 5i0g plue
T10g are ths acidic edditives,

In the next three catalyste 1319 - 1321 KpO is repluced by Cul.
This results in & marked modifissztion, The melts become coerse to semi-~
. tluid; the bLaes crystsls are soslesged practieslly without any joint,
Binders sre complstely abient. Ahisotre:y 1s distinet end the sections

ahév prasticelly no differences.

The three last melts ¢f this series 1322 - 1324 contain K20
plus Cul tozether. igain the seoctions resemble each other to a grest
sxtent. Ainisotrony of the base crystals ie cleer, There ie onli elifignt -
formation of jointa but they ocontain & compls tely crystallino binder,
s received the impression that s far-reeching homogenisation of the
melts 18 brought about by the Ou0 content whi h even pramotes the

. sbsorption of seidie =dditions im the presence of KgO.

- The melts prepered sihcq then give the impression that the
acidis additions sre better absorbed iwith rising moleculsr weizht, In
the presenas of two acidie aﬂditions,d‘g; S10g plus Ti0gy together, the
6n¢ #ith the lower molesulsar ioight‘axorts its ipfluanec, i.e0 She
ebsorptien of the higher one, which is ordinarily cxtensivo; is dimin-
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ished, In partieular, the separatien is promoated by the
content of EpO inm the melt, i.,e. larger quantities of separations
designated as "binding sgents" eppear between the magnetite-like base
orys tals, If anlj one scidic constituent is present, then the separatiem
in the presences of EKp0 is subptantislly emaller and in the case of Ti02
slone it praotieslly dissppears. Thie ¢an be determined by addition of
3rOg. The cerresponding catalyste that have alresdy been desoribed show
ne binders in the presence of ZrOg elonme, or practiselly nems. If, how-
ever, 510g or Ti0g are used in sdditionm, the separatien will immediately
start ell over sgain, -

This becomes clesr in the two following series 1325-12850 snd
1321-1246, |

1826-1830 are besed on catalysts 1288 and 1289 snd supplemented
vy 2ddition of Kg0O. 1325, which oonsiste of iron with an additien of
Zr0g (correspending to 1288 with ?40g), reveal: very eimple sectiam:
olosely coaslesaed crystals with moderate to weakanisotropy and without
binders, Alse 1828, which oorres ponds ¢o0 the earlier 12892, sppeare
to have an appregisbly simpler structure with considersbly less dis-
turbances by the replecement of T40g by Zr0g for the anisotropy is
much less. No neticesble modification ocours in the dase crystals on
addition of KgO, but inatesd {ndividual, small, for the most part
twinned orystsls sppear with intense double refraction and gharp even
extinotion. There is no binderx(1327). If to the previous melt Ca0
is added, the picture will become even simpler: wesk snisotrepy and

uniform '

a very pioture of base orystale without binders (1Z28). If the
0a0 1s replsced by Be0, the anisotropy becomes more intense (1229) and,
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in commom with (illeg) Og, swarms of em=:ll twinned crystals of the
scme type as in 1587 gppesr in cpots along with the normal base

erystals {1330} .

The next and last gzroup is derived from 1288-1289 by
the introduction of Cul plus KgO0 and by the replacement of Cal by 3e0,
¥g0 =2nd Zn0, 1i.8. in every instanae the original Ti0g is replaced by
Z2rOgs The introduction of Cul or Cul plus XKp0diminishes the anisdtiropy
even further in contrast to the corresponding previous melts,i.e. optiesal
komozeneity is further improved, i.e, the sction of Cul, which was
obeerved previcusly, 1s again confirmed hers. The following melte are
modifications of 1289. 0a0 1s replaced by BeO, ¥g0 plus ZnQ, then ¥eg0,
then Cul, snd finelly both together ere introdnced., The firet three
of the serles are hardly differentiasted from each other. The ground
masses have compect homozoneous cetelyst messes sithout bindere,
Jointlees coslescence, moderate to weak anisotropy, &nd sherp extinction,
Disintagratioﬁ phenomena are clearly visible in spots (1583-15351. The
next three (1236-1338) were modified in tho same sequence with additien
of Ep0. The disintegration phenomens heve dicappesred, The granule
bounderies sre berely visible principally as a result of the wesk
anisotropy of the base orjstals. The piotures offeréd by the sectiona
ere very similar. The anisotropy appears o possess gradual differencés;
1t_is most harkod on zddition of MgO.

In the following melts 1939-1941 & gradusl rise in anisotropy
appears to take place with the inaersasing moler waizht from BeO to
210, Disintegretion phencmens ars visible in the secticns in wpots.
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along
1239 exhibits disintegrations quite clearly/with very weak enisotropy.

visintegration forme are 1o 1onger present in 1240, Anisotropy 18
apprecisbly more intense slong with Bharper extination. In 1341 there
. 1t sppears as if uniaxial
jg sn even more noticesble increzge. crystals
ers present which are verticel to the opticel exis and are isotropie
elong with even extinction. 1242-1344 contain Cul plus EKgO together.
Opticaslly the three pelts csn hardly be differentiated, 211 three
exhibit preoticelly the same peotion pioture: sherp even extinction
fhe existence of other A

along with moderste gnieotropy. optical phen-
omens is doubiful. 1246 contains BeQ s8 earthe alkell; 1346 contains
ce0, There is very 1ittle optical differsnce hetwesn the two. Both sre
moderetely to distincily anisotropic with sherp extinction.

keny sections of fhia series 1531-1346 give the imprescion that
the originsl cubic symmetry has been changed into something peeule-
cubic. The gharp even extinction leeds us to the coneclusion that
! which are '
umiexial crystels, presumably tetragonsl, are present but in & pseudo-
cubic form., Further, none of the melts exhibit any binders, i.e¢s the
9-12 per cent ZrOg, the spproximetley 1.5-8 per cent Cul, 8s well as
the approximately 1 per cent Kg0 s&re directly sbaorbed inte the orystals
The addition of Cu0 eppears to simplify and and renaer unifoerm the
structure ever further so thei hardly any deviations of simple magnetite
are opticelly visidle in the individusl melis although we ere desling
with 5~anbstande-systems (1328, 1881, 13423, 1344, 1345 snd 1346). Wde
receive the impression, despite the svcepted sssumpiien, that multi-
gubstanace eystems with the slmplzat}gziucturas are mqst

efficient,



