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Report on Reel 42 '(chiarmerly 108) of .
U.S. Technical Oil l‘I_ission»I'Iicrofilen‘

| This reel renroduces documents taken from the Ruhrchemie 2.G.,

Sterkrade-ifolten, Germany. The Ruhrchemie Company was a leader in the

field of Fischer-Tropsch synthesis. The film contains much miscellaneous
material on this subject and on releted hydrocarbon chemistrys but does

ot -include eny important single reports.- There are many research .
-suggestions-and-orders to_do_lahoratory work, written mostly by Roelen, .
which are of interest in indicating the research trends. There arc aiS0 SOME
reports on anelytical methods for products from the synthesis process
~and the Oxo process. & L S

a

. .. A11 material snthe -film is covered by the. following abstract.
" plthough several detailed abstracts arve given for cerbain analytical material,
this in no-way_indicates that ‘the analytical material is of greater relative
inportances -The page nurbers given are written in pencil in the upper right
hand corners of the frames, ' o
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‘Reel 42, Abstracts |
Ruhrchem;e”A.G., Sterkrade-Holten

Bag 5439 conbinued
- Target 50/5 o1-

~

Item 10 ~Page 1 Note sugrestnnr\that I G, has prepared speclal lubrlcatlng
011 by reactlon of carboxyllc acid with Oxo-alcohols (no deteils).
: ‘ Holten - . Feh, 27, 1943

; - Page 2 Note on the possible.use of varlous metal cerbonyls 1n
Oxo—nrocesn.j , Holten Dec.-1, 1941
3 Page 3 Note on »rovlem of adequate hent removal during Oxo~
5539@h3§;§f, . Holten Sepm., 19&1

Pages 4 5 Letter from I Ty dlscu351ng stotus of Oxo—synthe51s
mnd rc,ques‘unfr semples of highly olefinic material.
. ‘ olten = July l, 1941

Page 6 Note requestlng samoles of Jroduct from Oxo—synthe51s
00111ng be 1ow 900°C for "knock" tests. .
- it ok wmj‘hﬁmn ;mﬁmymn Mqlﬂw_@mmww

Item 11 'ages 7—8 Letter from Roelen ‘discussing results of new iron
catalyst ;rom Rhelnnrussen ‘ Hanover Sept . o, 1944

som )
" Page 9 ‘Drief dlscu531on of copoer—contalnlnr iron ca ualy*t for
paraffin Droouctlon. . Wolten e Iby‘lS, 19f2
'mmwwm““”"jaae 10 Noté on - use of synthe51s gas’ feeds comprlslng tw0 or -
vnore parts of - Hé to one part €0 with iron CatulJStSo T
‘ Holten - 1941

1 .

: ~Page 11 Summary of conversatlon between Martln, Heckel and
—Roelen .on current synthe31s 1nvest1gat10ns._ . e
.-Holten... ug 9, 1941
’age 12 Gener%l Jroolems connected w1th iron catalysts.
o Folten - e June 23, 1941 .

Ibem 12 ‘Pages 15—18 Reoort on 00351b1e methods for synthe51s g_;

[»Y>) 1940

purlflcat}on.»m T “~oTten ———" nyl** «&,.*v-u-,“]

Item 13, ’agcs 19—21 DlSCUSSlOﬂS leadlng to a two—par%y and three—party ;
agreement on. the Oro—oroceus, hetween Ruhrcqemle, Henkel and 1. C s
e . “,T , Ludw1gsha£en A Aug. 28, 1940

i

- PageS“B?—ZQ*"Cost*est1mates~1orwfatty~alcoholseiclg—clg) from a:
4..10,000. L ons/year. (xo-plant “Bquipment-and” ut111t1es requlrementSL
lowSheet shown. Holten ‘ T

ez e vk
X G




. Pa.ges 30~33 Z)lscussmns ‘aetween Holten and Ludmgshai‘en on’0xo-
synthesm.‘ Cost estimates 3 status of investigations, neture of product

and ana]yses (no detalls) ' Holten Oct 50, 1940 '

-,.,\

: Page 34 Possible aapllcatlons of fatty ac1ds pre“)ared fron
higher olefins. ;,; _. 7 THolten ___ Sept. 22, 1938

Pages 55—44 Text of the agreement on. Oxo—synthe sis between
Ru‘lrchemle 3, Henkel and I.G. Holten ' Oct. 51, 1940

- Peges 44-~55 " Text of the “greement on Oxo-synthesm between
‘iuhrchemle and I.G. -+ - Holten : Oct. 30, 1940

S ”ages 56 ﬁgreement hetween Ruhrchemle, Henkel and I.G, on..__
special products.. Holten - Oct. 31, 1940

—Itemwl;_ﬂages‘_S?A—- “_Dlafrrams inGicating posslole product: utlllza'blon from:
ﬂscher-—TrODscn synthes:.s olants. ‘ : Holten : ‘ :

“Iiem 1 Page., 59-70 Volulretrlc detemlnatlon ‘of sulfa.’qe ion- accordmg -
to W. . Schroeder (Ind.& Eng. Chem., Anal. Ed. 5, 40%-406, 1933), This
method, involving direct titration of sulfate-lon using tetrahydroxyqumone

as an internal indicator, vas tostad. It was found that the determination™—

~is-jrore- accum‘oe if the excess.of barium chloride. 15 back tltrated instead -

of tltrutlng directl; ) Nlth ‘wrlum chl orlde.

Pr.ges 71-77 Determlnatlon of smll '3rooor’clons of chlorlde don..
In this method chloride ion is titrated with stondard mercuric nitrate
solution using diphenylcarbazone as an :mdlcator. The mst 1od has ’oeen -

“vublished in DJ.e Chemle So, 19, (194?)

ltem 16 Fages "81-107" I’Iodlfled EEhod "For the determlnatlon of - tae
eubralization and saponification number of gasolines, Diesel oils and

lubrlca’olng oils, - This report.describes-a semimicro procedure which is.

claimed to be just as accurate as the micro method hut~has the advantage

.OJ. greater speed and reducmg the cost DOI‘ ana ly31s consxderably.

Paoes 108-12@ Detemlnatlon of-. Oleflns w1th :hosphoru., Pento"lde-— -

‘Sulfurlc xCld (Kattwmkel reaqeni;) o ) T

'; o = A*strach

[N . . [

LA study was mudc‘to CluI‘lfy dlscrewaanc:ies that were encountered

~with this method when. diluents. hed. ;memmm

~in Dlesel 0ils, It is concluded . that-in the g sasoline range with an clefin

. content up to. 00"65/0 the. dlrect sulfon'\tlon as: well as sulfonation on a

;dlluted samole -gives- c@ncordant results. 1he dlrect snli‘onatlon nrocedu;c-e
s :unproved by using an acid to gasollne ratio of 41l 1nstead ‘of Biliag
has been used. The hlgher ratio is applicable to samples of highest olefin;

B

concantration. . ii the. dxe's”el fopy g
~pegultss0-that-dt-is- not amallcaole for.such. products. Since ‘the direct
~_sulfonation on. saurples in: the. d1ese1 01l rang,e did not. show’ any dli‘i‘eren
“in-the results when-an’ ‘acid - ra.’olo between 3sl.2nd 4:1 . was used tris

"rn:ej“the“dil}_ltionmmeth od~g1ves-t7ciib-—h1gh~

T

'“contemnl_ted ‘that-in the future: ‘the olefln determln;.tlon on: all, products‘_ ______

: lS 11ade w1th a 4,.1 acld to sample‘ ratlo. R



Pages 121-1R9 Determinetion of Guséous Paraffins

) : R B .
. The material under this heading appears to be of interest and
has heen translated, : ' 4 , e

: In connection with experiments on polymerizatiéri of Ruhrgasdl.and'
Fischergasol the problem of the analysis -of gaseous paraffin hydrocarbons
has “een investigated, The methods of separztion so far lnown are all |
“i.sed on fractional- distillation, fractional condensation, or ahsorption -
with activated charcodl followed by selective desorption, = All these methods
have disadvantages in that they require expensive apparatus and the time
involved in an analysis is quite lengthy. ; DI '

. We investigated the nessibility of meking, this separstion by
conventional gas analysis methods. ~The separation of Cz and Cy hydrocarbons
by.means of cetivated charcoal was not easily made because of the low ‘
selectivity. It is known that various liquid absorbents such-as “silver =on
sulfate-sulfuric acid, fuming sulfuric acid, silver sulfate-fuming sulfuric
‘acid, and others absorb higher Paraffins and give rise to errors in analysis.
These reagents all absorb probane cnd bHutans incompletelys however, we
found that a reagent previously proposed for the determination of carbon
_monoride_(suspension_of iodine pentexide in fuming sulfuric acid) is capable
-of- removing propane and butane- rapidly and -completely from gases. -

. According -to Dittrich (2.f. angew. Chem., 43, 979: 1930), carbon
monoxide can not he determined in the presence of higher hydrocarbons by
.means of iodine pentoxide -~ fuming, sulfurié acid because butane, dropane,. .
and to a.small extent ethane are absorbed. During-our investigation another
" oublication by Dittrich appeared (Bremmstoffchemie, 17, 245; 1936) on gas
analysis methods in which it wes mentioned explicitly that IO — fuming
. sulfuric acid_could.not be used for:determining pareffins because the bine
required for complete absorption is too lengthy. Contrary to this, we ="
found that by selectfigg the proper Ip0s and: S0z concentrations butane and 4
propene can be absorbed in a relatively short ime, and a carrection:for -
ethene absorption can he made by noting the constent -absorption per timed
nass. - Consequently, as in the propylene ~ ethylene sé(parati'on«by means of-
concentrated sulfuric acid, anextropolation can be mede-to.zero absorption .
“and the amount 6f ‘éthane ‘absorbed-can’her determiheda-;graKphically« or-algebraical--
1y. - In the subsequent combustion andlysis iost .of ‘the ethane and all of the
methane, which like the hydrogen ‘have not -been.removed,,g;gﬁdgté‘rminéd.; L
The anzlysis is illustrated below by ah example.. - R S

: Pecanse of the hich viscosity of the solution ordinery pipets cannot

be-iised because ‘gas cannot be ‘readily forced 1nto. tie NarTon. O INEE A"

capillarigs. - Therefore, we have used pipets filled with glass beads, as .. -
- shown ' in: Figure 1,-which-have also.been. proposed. for carbon monoxide absorptio
“At-Llisa drain-cock;-to-remove-the solution. when the analysis has bee e
completed,which is’ necessary beceuse the iodine pentoxide forms-a thick
<ludee on the glass beads and the solution ciimot be agiteted, i Ris
~an-opening-for introduction of the glass.beads. It-is~essential-that~the—
E Beads completely f£ill- the-pinat-iniorder-b “provide-sufficiently ... .
~nbinate-contact-with the reagent.to.ensure rapid. reaction, The pipet mst_
“be packed witl beads” in such a matmer _tha.t"empi;y“spac_'es-{wi_l_l.fnot} formi .

i

- SDS-R1442°
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_ In -conducting analyses it has been found advisable to allow .

a two~minute contact time with the liquid in the pipet. Following the
absorption in Ip0g - SOz the gas is passed twice into potassium hydroxide -
. solution to remove SOz gas. The iodine pentoxide suspension has the '
following concentration: 10 g. .1205-‘in 250 g. of 25 to 3.0% fuming
sulfuric acide . . . S , “

Ve have also-investigated higher concentrations of fuming sulfuric
2cid and found that owing to activated absorption ethane is not removed -
uniformly, but is removed et a higher rate together with butane and
propane in the beginning of the analysis, Consequently too mich propane
and butane and correspondingly too little ethane is found. This error '
was avoided by using the concentration specified ahove. The quantity of
iodine pentoxide was chosen such that the viscosity of the suspension was
not too high. For the preparation of the reagent, 10 g.-of iodine pentoxide
are triturated with 125 g. of R.5% fuming sulfuric acid (per 100 g./-46.g.
“96% ‘sulfuric acid and 54 g 207 fuming: sulfuric-acid).-in.a. mortar.and the .
‘remaining 125 g. of acid added and the mixture shaken for one hour. '

 In Tables 1 and 2 are swamarized the results obtained with this
recgent, With mixtures cordaining the three components methane, ethane,
and »Hrodane are determined by a single anelysis, The agreement with knovm
values is zood. If, however, the %as contains butare also, the carbon munber
»»»»» of»f._the»v.gasﬂ.;mlst.be‘_de.termined,Igy_;q_gepgjr}d analysis in order to calculate . .

~the prosene and butane contents. As may be seen, the agreement with the
four component mixture is not as good as with the three component mizture
bub further vierk-is plamed. The accuracy can be increased by determining -
the density with & gas density halance instead of the _carbon number because N
the density can be determined with considerably greater accuracy than can -
the ¢arbon nuiber. ~ihen using the carbon mimber & correction: factor mist ..

- be zpplied due to-the different molecular volumes of -carb . dioxides,  butane,

Pouné. Carbon Mo,  True Gerbon o,
S c L0l
2 oo L.osR T
4 B.904

The purity of the' gases used in the experiments'was as follows:

o g “'lTﬁ e ‘ ey —neP b ‘Ver'l £ o h")r'l‘i‘nd(.\'rlq
vwhile the butane wastzken from the plar t, ' The..Concordia methane contained
99%. methane; higher hydrocarbons were absent, The ethdne containgd 3-4% .
_propane -and 7-8% propylene + ethylene, The bulk of ‘the olefins were “ o
removed with silver ‘sulfate-sulfuric acid and the test lighified, For—."

the ‘tests only the portion distilling between -95°C: and:~85°C was-used

80 ""‘ﬁli‘é“f@f;f@ﬁ;;@:w;yx;gmove‘d“p'omplete&y—;wdeNeVEn,;tlmthana_'.shillL,QOntain
_ i et irectly:-fnal

ned

7-t0.8% methane.. .. The propare.

&




Prppah64"=

Cobustions . - 99.2% CnHlpn + 2
¢ No. founds 2.985. -
¢ No. correctad:s 2,925

hnalysis with I50g — Fuming HoSOy
GzHg 96.0%
CoHg . R.7% ~__Const, factor = 0.0
e 'CH4 . 0.5%° o :
¢ No. from analysis: R.940
Difference: 0,015 -

. 7 Butane :
Combustion: - 99.2% CnHon + 2
C No. corrected: 3.850

Analysis with I,0g - Puming H,50,

CqH10—- 85.8 86.0 -
CzHg - 11.8. 11.8

- CZHG_ 0‘2 - ,4.,;0",4:“«
_CH4 ~. 0.8 0.8

G No. . .. 3.855. - 3,848

Difference: . 40,005, ~0,002

' The individual gases were blended in various, proportions and
. the mixtures analysed. Tor the analysis of an unknom gas mixture the
procecure is as follows: Ihe gas ifs analyzed in the usuel manner and the'
C number determined. -One finds, for example, 65% saturated hydrocarbon
_with corrected C No. -of 2,755, A second portion of the samplé is analyzed
~in the usual iamner through the carbon monoxide—determination and- the gas.-
then passed through IsOg - HpSO4 solution before the H is burned. It is-
“found after 20 passes:(cach & minutes) that 35 ml. havé been absorbed by
“ghe” solution with a constant factor-of 0:15-(found 5:times) d.e.s 20X
0.15 = 3 ml, ethane have been absorbed. The residual gas'is burped over
copper. oxide and hydrogen and the saturated hydrocarbons, which consist
only of methane and ethane, are ‘determined, Tt has been found for example
‘a’ @ pamber bf 1.833 (corrected) by burning 30 ml. - Therefore in 30 ml,
there -are 0.833 x 30 = 25.0 ml. of ‘@thone and consequently 5.0 ml. of
‘methane:  SUMMANG WPE- - o s e —

E ‘Total‘ Cann;..;k;_-;z © = 65ml, . C No, 2-‘755\ |

v»~rOfithis;Propanef+¢Bﬁﬁahél¥w52.melh,f§35f5)_;,;
5 CBthane - .. - = 28,0 ml, ~(R6+8)
. Methane ' - = 5.0ml,
65 mls-Onfon 42 = 179,2 iy GO

8.1l Collg ... ~56.0 ml. COz
Sm 5l CH o =e=5,0 il 00
© B mLe o =118,2 mll: C0p



‘Rgsidual CNo, = 3.69 ‘
~-that.is Butane_ = 22,1 mt, (0.69 x 32)
. Propane”= 9,9 ml, e
Sunmarizing furthers
65,0 ml. CnHon + 2 G No. 2.755
of which Butane = 22.1 ml.
' Propane = 9,9 ml.

Methane 5.0 ml.

If 2 g.—qsb ‘c‘zontains le,sé than 15% 'ethané and methane it is advisable
- to dilute with nitrogen hefore the absorption with IsO5 ~ HaSO.

-, - The wresent results ere not final and will be supplemented.
Analyses should be mede with gases of 99%¢ purity so that .synthetic. mixtures
. -can he nrepared with greater accuracy and furthermore there are questions
““with regard to the solubility ‘of-gases- 4in-the solution-and also.questions -
concerning the stability of the solution, recovery of the iodine, and
the 'me‘chanisnrofreaet{em—%e—elggsfis%ensumd;mpidly_andmma
‘solutions the rate of absorption is considerably reduced: It is not _
completely clear as yet whether the aging of the solution can be avoided .
by the addition.of fresh 1,05 or S0; or how long the solution can be used.
Regarding the recction mechanism, it remains o be explained-how butane
~~and oropane-react -with-Io0s;-the -gases. are. absorbed without formation of
an equivalent amount of COp. They are probably sulfonzted with inter—-
mediate olefin fofmation; as:oxidation rroduct weter and free:iodine
should then be formed. This question is imvortant for the recovery of
the solution. BT Lo '

= 4 method is describéd for the ~determination of gaseous -paraffins-- -
in the usual gas analysis. 4 guspension of I20s5 in fuming -H2804 absorbs
_butane and pronane completely in a relatively short time; ethane:is. )
~absorbed so slowly that an absorptlon iactor can bedetermined-while "
methane and hydrogen are not attacked, - I

L b

oo e 0xo Products w»:f\;na-l},fs\is‘»,» Methods and Data

o . In connection-with ‘fhebxo_—proéess,]i.‘e. , the production-of
higher alcohols and other oxygen-containing materials by the ‘addition.: ‘
" of CO and Hy to olefins, interesting analytical info:_;‘anoion‘i"s"‘pr_esented‘

which has hoen either abstracted or translated. ™




Table 1 inalysis of“Propane, Bthane, Methare Ifixtures .

e

Determination- = 1. 2 3 “4 5
. Present, ml,-.~ 28.8 9.6 - 672 85.0 48,0
CeHg = Found, ml, = R9,1 9.9 67,2 84.8 48:2
Diff., mle .. +0.3 +3 0 -0.2 +0.2
Present, ml. 55,0 . 69.9 25,2 1L.3 37.4
Golp  Found, ml, ~ 542 . 69,7 2.7 - 1L3, 37.3
, Diff., ml. 0.8 -0.2 ~0.5 0 -0.1
Present, ml. 5.5 7.0 2.7 1.3 3.9
CH.4 Found, ml. 5.0 . 6.8 5.1 101 ) 5»5
_Diff,m, 0.5 ~ -0,2 . - 0.4  -0.2  -0.4
- Present 2,26 2,051 2,675  'R.858  '2.4%
CNos—Found——————=R+R7——2+034 2,670 - 2,861 2.503
- Diff. 740,01 +0,003... =0,005  +0.005  +0.007
~ Gonst+—Tactor for 02*% 0,30 0.435 0.0 - 0.0 0.2
Qo. of" Passes Required-- e 4 ‘ldiifff:LQIBJLWAT}TQIIt;ﬂ,

_to Reach ‘Const. Factor

Table 2 AnaIySis of Butané;?Pfopane; Ethane, Methane Mixﬁurés
'Dﬂtermlnatlon B T

meresent, ml;m”wv - R 8 _
29,7 - 23,6
+1.9

. 53
g C4Hlo Found, Inl. . 1,5%-

l—".'—"\k\

Present, ml. 857 T 59,1 3R.4
CgHg - -Found, ml, - 34.8" -~ 36,5 - %4.9
T bresent, ml, -« 25.6 256 B.8.
GH,  Townd, ml, 279 R4S &6
ESopier, L oS Rl 2R

e >Present, mle oo
CHy .~ Fopnd, ml, -
i " et v lef., Tnl’

, : Present
¢ No., = Found -
i .Diff...

W@Const.“ actor for széﬂMﬂu” y

No. - of Passes Requlredj?it
to Reach Const Pactor“ﬁr
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Ttem 18 Pages 153-155—New-method for determining ‘double bond.number
Zconnnunica’tion*‘from“Ruhrchexn:i.e~12/4/42). The determination of the double

~ bond number in organic molecules is based on the fact that the ethyleme
bond is capable of addition reactions. So far mainly. the addition of
hydrogen, halogen, and sulfuric acid has been used for the quantitative
“determination of the double hond, Although the hydrogenation method gives
accurate values with pure compounds using -a suitable catalyst, the two
other methods may give results which may be useful for technical purposes -
but.are unsatisfactory on a scientific basis. The uncertainty of-results
obtained by the determination of the iodine number is indicated by the
fact that it is necessary to report also the procedure that has been used,

—loreovar, merous methods that have been worked out for determining
the iodine number are a criterion of the dissatisfaction of the methods
used. : ' - .

... The main reason of _th,ev,_vf:f(_aquent‘discrepancies lies. in the fact
that sofar it ha It ssible to determine™the ‘end poinmt-of-the =
halogen addition so that -substitution is prevented. The convential
methods for dstermining the iodine number prescribe a definite reaction
time- which gives accurate results as long as olefins are nresent which
exhinit the same rate of reaction in the halogen addition, Ve have '
thetrefore »-:i;_nvestiga’cedwth'e-interac’cion,_of_ozone_,and.“olei‘ins with the
intention to use the ozonides,.which for the first time had been studied

by Harries; for-the-anclysise - he: addition-of -ozone. to. the .double bond.
is a strongly exothermic reaction which, for example, in the case of
fumaric acid ethyl ester liberates 115 Kal. (Briner) while water shows
a heat of reaction of only 6.8 Kal. : :

e
-1

 For this reason and in order to avoid oxidation of the saturated .
hydrocarbons, the ozonization was carried out at temperatures:of =50°C
" %0.=70°C. _tioreover, under these conditions -the end point of the ozoniz ation -
can he recognized; at these low “femperatures the excess of “ozone “dissolves
‘with a blue color in the szturafed hydrocerbons. Tt was found that with
_the appearance of the blue _color no double bond could be identified in
the reaction mixture with bromine water. ~ Alse,. under these ‘conditions no
indication .of en oxidation-of the saturated hydrocarbons ‘could be. noticed, .
Zven the three double bonds in benzol are not attacked under these condibions. .

" The method consists in weighing a:certain amount of the olefin
‘to be anslyzed into a suitable vessel and then passing ozon through the
solution wntil it begins to turn blue. From the weight--increase after = -
~ozon has. been passed through the solution the iodine number is calculated
according tos o s N L A

T . 1

V-

o walght CiNCrease e ‘:5.288! ...,J_UUZ,"

= - weight of sample. . -
“-ile-have designated-the: iodine _runber. as. Ozon _iodine mumber (0-I-8):
- The new method has heen-tested with different ‘hydrocarbons, and the:
results_are shown in Table 8, e e T ey




.
Procedure for determining Ozon jodine number

1-2 g, hydrocarbon is accurately weighed in a Kali-apparatus
(translator's comments this is a small absorption bulb shaped like . :
the HMilligan absorber whicly“is used for absorbing €O, in carbon and hydrogen .
in combustion analysis) diluted with 10 to 20 ml.- cb.iuent (nonane -~
purified with Kattwinkel reagent), weighed again and treated with -ozone
until beginning hlue coloration (Ozon concentration 6%, velocity 10-15 1. -
ver hour), During the introduction of ozone the vessel is cooled with. -
dry ice. The absorption vessel is dried.and allowed to stand for 15
minutes in & dessicator ond-reweighed.  From the difference in weight .

the™0.I1.%. is calculated according to the adove formula, .

oz TPable=%- :-Cqmaé.risoh oi‘r—_Results . Obtﬁined, by Various _Iigiihods .

» Ozdne Corte'se‘ ' Soll;ble; in
Now C Nog | Todine Oxo- " -Iodine ... Kattwinkel
C . Noy Synthesis . v No. . Reagent ™ -
% 9 sal. 5k8 59,2 - 61,0
s 10 0 .0 %5 .5 6LO
12 1o 4TS 49,0 5.5 . 50,0
..\1,55' ) g — i7.6. ,_\}4 0 B X 54~0
155 15 45.0 om0 4100 48,0
e 1. 2.0 0.0 6 RO

Case 15 %6 - 299 406 80

s R ! : "

S

: . Pages 156-158 . Method for the determination of terminal olefinic
‘bond, For many: purposes,. particularly in. polymerization of low boiling
- tre—to—trbrieating—oils-and-Lo +he Oxo-synthesis, it is’ of importance
"to have olefins containing as many &s possible “terminal-bonds. :A-chemical-
method for determining the terminzl bonds has so far rot been known. In.
“the ozonization of-olefinsa “method has been-found which had. frequently. " -
hoon used For déteriining the constitution of natursl-sibstances, - The. .. .
- applicability of this “method:hds been investigated. Tt consists'in the:.
~addition-of--ozone-to-the _double ‘hond and splitting the ozonides by inter—
Taction With i i deh?,rdes,fand"‘faC:Lds;%~The<;-cleyavage‘,,,ofx/.‘the.‘,.mple,.guztéw,,",‘l
ce wrly the double bond' wes located:~ In-this-way-by.-
“the” carbon-number-of “tie'-formed- fragments-conclus ions as.to .

“detsrminin
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the locution of the double bond may be drawn,’ ‘Disadvantages of this o
«ethod are ‘the “inhomogeneity-of the products formed and the fact that

the -reactions do not ‘proceed qua titatively, In the literature are
.described-cleavages which. gave only about 20 per cent yield, A considerable
1mproverrent""is.offered by the method by isinger consisting in the oxidative
cleavage of the Ozonides by neans of silver oxide. By this method only
acids are formed as final products and a good yield is obtained. Asinger,
however, worked only with materisls which yielded the higher fatty acid.
virile in our case for-the determination of olefins in the terminal bond -
~particularly the lower memsers are of importance.’ R o

o The ®rinciple of _the détermination of olefins with terminal -
honds-consists in treating the olefin with-ozone until.the_olefins have
-peacted comnletely,oxidative cleavage of the ozonide, &nd quantitative
determination of the formed formic acid. Tn order to obtain useful. '
results'varicus}requix{e,me‘r}jzsr_h;,ve,po be fulfilled, Pirstly, the end-
. voint of-the completed-addition of szomhas to be established accurately -
_in order to avoid oxidation of saturcted hydrocarbons thet may be present. .
The latter requirement could be met: by werking at low temperatures., At
low temerctures the excess .of ozoné is dissolved in the hydrocarbon
with a blué color which thus indicates the end poimt c "the ozone addition,
Tn order to avoid losses of formic ucid and formaldehyde the vessel was
_ equipped with a reflux condenser. To detetmine the formic acid the
procedure DY J'singer was fiodified and -improved,—In- the examination of
verious olefins having presumably terminal olefinic honds it was found
“that not all could ,be_conSide'red terminal as had been assumed. The shift
of ‘& terminal.olefinic bond toward the middle of the molecule may mean- -
that the molecule was energized, a condition which easily could be - Vo
~ereated by.various reactlons during the preparction of the materials.
So, .for example, a sample. of hexene~l obtained from a known chemical firm
-—ghowed-a-contant- ofterminzl olefin of only 11 oer cent, It was therefore
tried to prepare nonen-1 by means of the ‘Griguard reaction” from hexyl -
romide and allyl-bromide. In this way, olegfins were obtained which had
*termina{l.;'olef—inéonds;bébwaenjg_ and 100 per cent. thether these dis—
crepancies'were caused by errors in the de}’germimtion’_orgby a shift. of
+he double bonds to a certain extent, could Tiot be ‘decided, Several
olefins prepared in the lahoratory and cbtained from obher sources were . -
analjzed in order to test the ‘method. " The “results.are.shown in Table 4. -
The terminal olefinic bond.is reported as iodine number of terminal olefin-
and designated as temminal socine . E-d-Bvand-—i lated according
4o the following equation: S e

e yncunt, formic acid . 5.52 . 100 o
ST pon s Hejght of ~SampAS -
.,“M,hﬂ,”m;‘f.m,wgwm.m;_n_T;M;Procedurg;W”;;M;LQ;me[jfﬂ]_i,”f,”‘"";-

_ "\E’L”I‘Od‘i‘inxaﬁel‘;v.,?,—sﬂffg.,' of. the “o.l'é‘fin are weighed accurately and—
i Sl ‘solventv...‘.‘(pur.lf‘le,,q”,;,yv;‘j;’ti nt).and..

h-Kattwinkel-reage

place in ) r‘:{mﬁel;.,équi’_{_’)'i‘)ved::vWithﬁ - ground. jod h fuﬁx‘mel
“is inserted in-a glass tube having a.gromd joint and bel cted 56
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- the ozome "enerator. Now, from. below a stream of ‘ozon (ozon cantant 6%)
ig introduced at such a rate that with the stopcock open the: reactlon o

Iiquid in the funnel does not drain (rate 10-15 1, per hour)..
neck of funnsl is cormected to a vent tube which leads to a Meyer ten

bulb absorotion tubg-containing-50 ml. of water to -absorb volatile -—- -

reaction products. Jfround the funnel is placed a mantle which is filled
with dry ice to cool the react:.on liquid, -Ozon is introduced until the
solution begins to turn blue, Ihe separatory funnel is then inserted
in a R-neck reaction flask equn.pped with ground ;;o:mts to hold also a
reflux. condenser. The reaction flask is immersed .in a boiling water
beth and the ozonides are added slowly,- drop by drop, to a susoension
of silver oxide in 10 per cent NaOH and allowed to stand for 1/2 hour,
TNe solvent is distilled off by exchanging the reflux condenser with an
ordinary descending condenser. - Then'the absorber solution from the
- 10-bulb absorption tube is-added to the flask and the contents heated
for another 30 minutes. After cooling the solution is acidified with
eyl invorder toseparate “the higher fatty acids=and-also-bo- 3rec1p1tate
any silver that has gone in solution. -In the filtered solution the
fornic acid is then determined by the.calorel method and from the value -
found is -calculated thc- E.J.% (termmal iodine number)

“Iable 4 Olefin Combent-and Terminal Olefinic Bonds -

~.in Synthetic, Hydrocarbons:,of. Various Origin. - =
P " Determination of
o , . ' Determination of - Terminal Olefinic Bonds
Name ~Origin Todine Numbers Terminal | % Terminal [# Terminal
. |According -} .Todine . Ry ﬂg _.Olefin
to Cortese By Ozone. : _ No. to Cortese by ‘Ozone
o 1 mgnard TR e T 85.1 885 )
Allyl- . Essen 193 . 198 171 88.6 86.4
bromide | S T o
Wonene |Grignard | 280 | 159 | . - 18 .| 82 |- 0 |
2,5- - lCrigmrd | 186 | 16 |___ 150 | 80.7 88.4
= Ine"thyl - H“. T ™ ey = T = T p— - = 2 - - T o
% octene — N
Cacr Henckel 123 A 97 - 104 ©.84,7 100
carbon 1. AN e T
. ‘Dodecené' . - 25,7 R5.2
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Minutes

Pagesj64:168 * On the discussion of the Ana_lys"i‘s' of Products
_of the Oxo process held at Indwigshafen, December 7, 19%42. e

N — : " Lehbstract

» ) Present at the meeting were representatives from Indwigshafen,

Oxogesellschaft, Yenkel, Ruhrchemie, Leuna, and Oppau. On hand of a -

compilation of amalytical results obtained on four cooperative samples
_ by the verious laboratories the following points were discussed. -

_____ _Olefins: Primary oil C11/12 and C37. The molecular weight had .
baen determined cryo§copilly in benzol, dioxane and glacial acidic acidy~
the latter being used .to nrevent association of any alcohols oresent. -

_Since_the alcohol content is small, benzol as solvent is recomnended. _

~For the determination of the carbonyl number only: the method by St illmann =
and Reed should be considered. The time of boiling should be'1/4 hour
and instead of bromophenol blue as indicator also methyl orange can be -
used., The calculation has to be mude as mg. /one grem, U E '

. The hydroxyl number had been determined either in open vessels
or sealed tubes without indicating essential differences in the results,

~The sample size~should he- sufficiently-large -but -at-least-4/5.of-the.. .. .
used acetic acid anhydride-should be back-titrated. Reference is made
0 the method-by Kaufmen (Fette and Seifen 1939, p.. 518), which in "

cases of dispute should be the referee method, ——
 Tor the determinction of the amount soluble-in “phosphorpenﬁoxide-
sulfuric acid (S.P.L.) according to Kattwinkel the procedure by Buechner ™
__using the butyrometer tube has been found satisfactory. - This procedure,
developed at Leuna,. circumvents the use of rubber stoppers which-are™
objectionable, -The ratio olefin ‘to. phosphorpentoxide - sulfuric acid
© should be at least 1:3. o T

For the detérmination of olefins 5. Ruhrchemie proposes. the bromine
nuimber according to Cortese in a. specially designed flask.  Henkel had
UnfATerEblE Téxperience with this-methodi—-Leuna- emphasizes-the.advantage. ...
of the simple .rocedure by Keufman which requires a relatively short time
“for bromine _additiOn'-and uses arsenious . acid for the back titration, thus -~
_eliminating ‘the usé of lodine. A e e e

Decision. ‘The iodine mumber of primary oils’is made according
“40 Keufman using arsenious acid for-Dack-t1trating Llc B :
il Follows. & . report on a. new.procedure of determining the ozone
~dodine ‘number, --This methdd -is- not. thought: to replace the method by =~
- Kaufmen but. isto be used for determining the constitution, in particular the™
_position of ‘the double bond. . o ' o )

'
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In regard to moletular weight determination the agreement of
" the results obtained by different laboratories is still unsatisfactory
~-which -is-probably-caused.- by-the.- tendepcy of association. Ieuna proposes
uho acetylate the alcohol in acetic acld‘anhydf"ﬂe, to expel the -excess
of acetic acid anhydrlde in a current of air, and to determine the molecular
weight of the remaining ester cryoscopically in benzol.

De0151oﬁ ALl . laboratorles w1ll check the molecular welvht
determination after conver51on to the acetic acid ester and determlne
the molecular weight of the: original alcohol by fre°z1ng point depress1on
1n naahtuelenc.

- Determinction of the non—alcohollc portlon. ‘This determination
cannot be made by the Kattwinkel method. Likewise, other. procedures
have failed, It is agreed to use a sulfonatlon method which has the advan—
tege to 51mulute the Dlant oneratlon.

From the- detcrnlnatlon of hydroxyl number the molecular welght
of the alcohols and the aleohol content cannot be calculated eccurately.

- However,” it can e calculated from the difference from 100 and the non-
aleohol content. . For-the.determination of the molecular weight of the

. alcchols the sulfonates, after removal of the unsulfonated residue, can.
be hydrolyzed and the alconols obtained in Dure form,

For the determlnatlon of the degree. of branchlng, the procedure A
using antimony pentachloride has not been too successful, It was found
of importance to use freshly dlstllled SbClS. '

=

Mlscellaneous. The method for debermlnlng termlnal oleflnlc
bonds using ozonition and subsejuent cleavage of the ozonldes w1th silver -
oxide v w1ll oe communlcated 1n the near future. . ;.

- “Pages 169—174. Analytlcal methods agreed upon at meetln December 7,
194 2. '
' l) SOlldlflCdtlon point.: 50 B of samale cont11ned~1n.a«test________
tube are melted Dy immersion in-a bath 10-15°C above the. expected solidifi~
cation point., For complete drying, % g. of Drierite are added to the melt
- by-means- ‘of..a&:-thermometer, .. The.test.tube.is then. inserted in. another. ¢ﬁ¢¢w
test tube. to\serve as an air jacket and the assembly . immersed in a bath’
~whose tem:erature is about.5°C below the” expected solidification point.
ifter suoercoollng the melt by‘about 2°Cy- it is see ded ‘and the thermometer
moved slowly up and down observing the -temperature rise until it reaches
its. mux1mum, ‘this" temperature 1is reported as solidification UOlnt

: | 2) Den51ty.k lhe dens1ty is determlned in the conventlonal
manner, with' the pycnometer, in case of oleflns at 20°C and 'in case of
‘alcohols at 50 C, vacuum correctlon need not . be- aleled LTI

5) Nolecular Sleight, TllS determlnatlon is uade by the cenven— -
‘“ﬁiﬁﬁ&l Etliod oL T “feezing“eonnt“depre581on-w%s~the*solvent~£or*the*olef1nsh
-benzol:is-to-be- used, “however. for the. ‘purpose, of .comparison also ‘ae
nacid anhydrlde is to- be used.. For''the eryoscoplc molecular. w1eght
determlnatlon of tne alcohols nanhthglene as. solvent should be tested




- -

Iloreover, it is suggested to convert the alcohol with acetic acid an-
liydride in the ester, to remove the excess acetic acid ‘anhydride

and formed acetic acid by means of an air current, and to devermine
the molecular weight of the remaining ester cryoscopically, using
benzol s the solvents and- to calculate herefrom the molecular weight
of the alcohol. : o “‘ '

.4) icid nunber, Conventional method.

5) Saponification number. Conventional mebhod,

5) Zster mumber. ‘Calculated from saponification number minus -
acid numher." ' : _

o Yydroxyl number. The acetylation reagent is prepered by diluting
. 25.g. of acetic acid anhydride in 2 100 ml. volumetric flask with pure
“gry pyridine -and-filling to-the:mark.--Since- the.-reagent-discolors. on... -
standing exposed to light it is recommended to prepare it freshly. ’
Depending on the expected hydroxyl number the following sample weights
should be useds L e .

. 1 ’ } _—' . e o .
20 g. with a hydroxyl number up to 14 mg, KoH/ g -
S0 gy e it —t———t i 14228 mg; KOH/g.

L n ot . u 9B-E4H M uou
e T T TR 1o R
1 g" an 1] : . woun 140-280" o

0,75 gov " e oW oR80-370M M M
0.6 g. " w1 3704600 0 e

© o Procedures The sanple” is weighed in'a round bottom flask to-

viaich by means of a ground Jjoint_an ascending tube can be attached, - - -
End evactly 5 nls vof ~acetylation-reagent-are- added;— The-reaction-mixture -

* with the tube in place is heated for one hour on the steam.bath and after

cooling one ml. of water is added through the tube. If the solution
“pecomes. turbid, a little pyridine is added and heated again for ten minutes.
“ifter cooling 5 ml.. of previously neutralized ethyl alcohol is added through
the tube and the solution titrated with 0.5 n alcoholic potassium ’ i
_hydroxide using.phenol phthalein as an indicator, In the same memner a
“lank is mude. If a gram sample consumes-b-ml. 0.5 n .caustic and the
blank conswmes ¢ inls 0.5 n-caustic, the hydroxyl number is:. DR

L

| OH risiber = Szb. 28.05 + acid murber ng.KOH/g.

. .B) Cerbonyl number. The reagent is vrepared by dissolying
40’ g, hydroxylamine hydrochloride in 80 ml, weter, adding 800 mle -
othyl alcohol and with stirring 500 ml. 6f 0.5 n. alcoholie potassium -
“hydroxide. To this solutionindicator solution is ‘added and-filtereds ... .-
Ths=indicrbor=selution=is=preparedsby-triturating-0.1.g..bromophenol.blue —
“With 8 ml,. 6 005 1" NaOK and diluting with water 4o 25 yil:-(methyl-orange -
e o ve o mdboaban), R R S
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- .. Ten grams of the sample are gently refluxed on the steam bath
with 75 ml, -of the reagent and after cooling titrated with 0.5 n
hydrociiloric acids In the same manner a blank is made. If for a g.
sample b ml, of 0.5 n HCL are consumed and ¢ ml. 0.5 n HCL for the
blank the carbonyl number equals: . oo : o

Carbonyl number = C_EE’. 28,05 mg. KOH/g.

9)  Iodine nunber., Solutions Fequireds &) Bré:mine-«sdlu’c,iévr'l;
. ( 5odi mide—are—dissolved—in-on !
and 5.2 ml, elementary bromineare added., This solution is close to 0.2 n

and almost stahle. -
. RN . :
b) 0.1 n. sodium arsenite solution: S g. arsenous oxide (Asp0z)- - -

_-are dissolved with 2 ml, 35% sodium hydroxide and water by bolling, after
““cooling neutralized with 1 n H "SO;i‘"?ag’ainstii‘litnmwsjﬂve\r 3 0= g SOCIMM: e
bicarbonate added and made up %o one liter with water. The solution is
‘ standardized with 0.1 n iodine solution to be exactly 0.l-n (standardization
may also be made in acid solution with 0.1l.n bromide-bromte solution )
* qsing indigo carmine or methyl orange). ' e

[l

¢) 0.2 per cent agueous indigo carmine or methyl orange solution. -

: ~Denending on the iodine number a sample weight of 0.4 to 'l g
of the olefin is weighedianErlenmeyer and dissolved in 25 ml.of an .
equal volume mixture of methenol and carbon tetrachloride., - From a burette
methanolic bromine solution is added, while agitating the flask, until
the solution hecomes yellow following which about one half the volume of
‘hromine solution consumed to 115 point is added and-the stoppered-flask - - -
“allowed to stend for ten minutes. Thena volume of 0.1 n arsenite solution, -
equel. to that of the added 0.R"H brofiire ~solution-is-added and-after-i— -
mixing, indigo carmine or methyl orange indicator is added snd the solution .
Ctitroted with 0.2 n° methanolic “romifne solution to colorless. For the
' standafdiz_"a:’c:ion“of‘theﬂbrominé;%_hsoluti—on42,—5‘—ml:..~are_addedhto_aa.ml,___'__;
‘methanol. - carbon tetrachloride mixture and.the solution allowed to stand
in the stoppered flask for ten mimites: Then 50 ml. of O.1'n -arsenite
“golutionis -added; mixed-and “bitreted with. the. same .;_indica_tor?,Q,S,.,i,l,ﬁ,,*?}im
with the sample to colorless. It should be noted that in the titration
s<0f the -blank as well that. of the. sample, addition off the bromine solution
toward the end point should be made slowly and dropwise..” - B

Tf in the titration of a gram Sample“in total (inclusive the .
final-titration) b-ml,- 0r-L.<- 1. .DIO romr-have—beeneonsuned—
and ¢ ml. of 0.1n. sodium arsenite sollution~and ifraccording to.the ‘
“Dlank d L, of bhe. axproxinetely 0;2 n bromine solubion are equivalent
e 61 avsenibe colution, then the iolins mumber:

50,6

~—Todime e Sy —1-26 0 T/100-g-
O P D AR AR S A
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For ‘the determination of the very low iodifls mumber of alcofiols
“a lerger semple weight 2-5g. is used, otherwise the procedure is the '
S . 0 B P ITET | R feha e

. 10) Phosphorpentoxide - sulfuric acid soluble: PSL in olefins.
In the conventional vessel or in the butyrometer tube, developed at
lierseburg, an appropriate quantity is measured and ‘carefully at least 3
times the guentity of Kattwinkel reagent added and mixed with cooling in
-ice- water. The mixture is then centrifuged and the volume of the
—insoluble- layer-recorded, The difference, volume of semple mimus in-
—soluble-represents the FSL which is expressed. in volume per cent. In_ .
order to obtein a measure of the olefin content the amount of alcohol,
carbonyl compound, and .ester corresponding-to the OH,  CO, and saponification
numhers respectively have to be deducted from the PSL Knowing the molecular .
weight of the olefins these amounts can be calculated from the respective
. characterization numbers.. ' S o

11) Non-aleohol portion in aliphatic alcohols. . The aliphatic
aleohol is converted to the acid alkyl sulfuric acid ester.by interaction
. in dry ether solution-with chlorsulfonic acid and removal.of ether and
" formed hydrochloric acid by vacuum. - The residue is neutralized with ,
caustic, dissolved in 50 per cent alcohol, and the unsulfonated portion
extracted with petroleum ether; after distilling off the petroleum ether
_the Tesidue is weighed. Since the aliphatic alcohols are nct converted
quantitatively to the sulfuric acidgster a portion-of-the alcohol remains
in the unsulfonated residue, the hydraxyl number in the residue. from the
distillation is determined and the amount eof-alcohol-corresponding to
this is deducted. o I ' o ‘

. 507 g. -of the anhydrous aliphatic al'coholl)- whose- hydrozyl
 number H has been determined are placed in a 3-neck flask having a =
“sepAratory funely stirrer; und thermometer;-300-mls-of -ethers-dried. -
_over. sodium, are added and the ‘flask cooled in ice water. : When-the

‘temperature: has dropped to 10°C,: then H x 0.12 g. (H = OH number) -

~¢hlorsulfonic-are- added slowly from the ‘Béparctory funnel (within 5-10- -
minutes) so that the tewpersture of the reaction mixture does not excéed
15°C, and the separatory funnel is rinsed with a small portion of ether.
-The reaction.flask is..immersed.in a water.bath of.25°C and stirring con-

tinued for 1/2 hour. After this the separatory funnel’ is replaced by a

“connection to a water jet filter pump to remove ether and hydrogen chloride,

1) If the alcohol is not frae of water, dilute 80. g, with 200 ml.
of petroleum ether (b.p. 30-60°C), dry overnight with calcined
last traces of ether by means of vecwum and 15assj_ng"'a'curjrerit‘

of dry air ab 60°C. .
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: For the neutralization of the formed aliphatic alkyl sulfonic
acid the contents of the flask is poured.slowly with stirring in a mixture
of 150 g. ice and H x 0,16 g. 35 wer cent NeOH, and the flask rinsed
quantitatively with ether; the solution should be alkaline to phenol-~
rathalein. he neutralized solution is diluted with an equal volume
of 95 per cent ethyl alcohol and, if necessary, wore 50 per cent alcohol is
2dded until complete solution. The solution is extracted three times '
with 100 ml. portions of retroleum ether. The combined ether extracts
are washed twice with 100 ml, Dortions of 50 per cent alcohol and twice .
with 100 ml. portions of water, then drj:éd with czlcined sodium sulfate

—and-after—filtration-and-rinsing-w ith-petroleum ether transferred to a
distillation flask and the petroleum ether distilled off using a water
bath.. To rewove the last traces of ether vacuum is applied, The residue
.18  weighed and its hydroxyl mumber is determined. If a grams fatiy
2lcohol with the hydroxyl number H was used and b grams residue with the
hydoxyl nuiber Z was found then the alcohol contained

1~ %)' . g_ . 100% non-alcoholic Portion

~ . .
~ .

Pages 175-178 Detesrmination of Hydrocarbons in fatty alecohols,
_particularly in Lorols (PC—Lorol and Kokoslorol). - This is a commnication '
“From Botite, Fettcliemie; destribing a procedure in which the fabty alcohols
~by reaction-with—a-mixture—t:2—oi FAdrous Tk Ch xide = ium
oride are first converted at 100°C to the alccholates and then oxidized
at 250-280° to the fatty acid salts. Hydrocarbons present are thereby
distilléd off and collected in a receiver and weighed. The.distillate .-
nzy be checked, by determining the hydroxyl nurber, for loss .of alcohol
during.the resction. Also, by determining the~carbonyl number;-it can -

be Zscertained vhether ketone formation has taken place. '

‘. " Pages R04~205 inalysis of Products of the Oxo contract.
This is a commnication from I.G. Farben giving results of cooperative
test samples and comments on the agreed analytical procedures. .

I. Olefins B T

1) Olefin determination by means'of halogen addition. The
procedures by Kaufmann for determining the’ iodine mmber. as well as

those' by Hamus and-Winkler and also the rhodan (thiocyanogen). and jodrhodan .
(thiocyanogeniodide) " are suitable and results are in agrecment. . The
romometrics method of Keufmann is rzcommended because ofits simplicity
‘and-1ts a0verLage Ol USiNg arsenous. actiior hrektitratdr %E &

TR - '2)..0lefin determinztion by hydrbgéhation.:A_V‘Rqsul‘ts-»bj -tﬁ’isw -
nethod did not- agres. 0o well and therefore no_ recommendations are made. -

_ 3) Phcisbhbrp‘entoxidé.-”— sulfuric acid"method (Kattwinkel), |
“Een though aIookiols; esters; and-carbonyl-compounds-are-absorbed-—
-and-correctiors are necessary-the method isTuseful, bel

4 0H,-00, snd Saponification wumber. To coments



- 18 -

: 6) Determination of degree of branching, It wes necessary to
further modify the method of Schaarschmidb modified by Leithe in order
to eliminate some error.- In only paraffin mixtures the determination
can be made within an error of X 5 units; however, olefins cannot be
analyzed directly. The procedure can be changed for analyzing paraffin
olefin mixtures by hydrogenating the mixture. and determining the degree
of brenching of the whole sample., In a second sample the. residue after

. treatment with Kattwinkel reagent is analyzed. ‘Prerequisition is that.
the peraffin ~ olefin mixture does not- contain hydrocarbons less than .
-G because they are absorbed partly by Kattwinkel reagent and, further—
more, that during hydrogenation no constitutional changes take place.

II. Alcohols, = .

_ 1) - Deternﬁnation of hydrOXyl' mumder., No comients

T R2) Determimation ¢ carbonyl nuiber;-The: oxine-method using

" hydroxylamine hydrochloride fails However, the method by Stillmand and
Reed by reacting in the heal with free hydroxylamine is suitable.

3)  icid, saponification, and ester nunbers. No comment. -

_ . +4) - Iodine number. As in the case of the olefins also here
~-the '~meth0d"-'by-' Kal,lfmm ._j_sq.rec‘onunended., e ] k

. 5) Determination of 'neutrall'oil (non-alcohol portion). The
combination of the methods-proposed by Ludwigshafen and Henkel has
been found satisfactory and is rgacpﬁnnended. : -

R %) Degree of brafnching.  The method-as used for peraffin —
 olefin mixture is not applicable, The possibility of converting the

alc‘ohols‘ to paraffins is considereds” "~ , -

‘ " .Pages 224%25 -vDirectionséﬁor:iESﬁp_aration»-of sulfonate pastes -
“from oxo alcohols. Commmication from Henkel & Company... R ‘ '

1

_ 100 g. of Oxo alcohol, together with-150 ml. of dry ether, are.’
~placed-in-a-sulfonation: flask-of- 750 _ml. .capacity, which is equipped with
‘thermometer, stirrer, separatory funnel, and vent.  iith alcohols or
mixtures. which are 1iquid below R0°C, the flask is cooled at' the beginning
of the sulfonation in ice wdter; with alcohols of higher melting point,
only after some of the “chlorsulfonic -acid has been added, cooling is. . ‘

applied in order to. prevent solidification. “rith good stirring slowly

"1.05 moles CHIOrSULIONIC GCT rember—oi—the-ateshol-tines0.218.2
chlorsulfonic acid) are added slowly. The tenperature of -the reaction
mixture at the be inning of the swlfonation hould be between 10 and 15°C’

_and can.increase towards. the end to 25°C. After 211 the chlorsulfonic

acid his been added, stirring is continued for one-half Hour, During this

after-stirring the flask is connected to a water jet pump and evacuated,
TFirstivery carefully and’ J.at,er*%"jo’“-*]iS‘“nm;;jwrempvge’ehef-ethgrwa-nd;hydrogem.




. For ‘the neutralization of the acid ester 1;15 moles-NaOH in
the form of 35 per _cent NaOH (hydroxyl number times 0,234 g. NaOH)
and_150 g. ice are »laced in a one liter beaker and the ester is slowly
stirred in at 20-25°C. After all has bzen added the alkanity, if
necessory, ies to bé adjusted to phenolphthalein, To determine.the--
unsulfonated oortlon in this paste the follow1ng precedure is used:

Isolatlon of the unsulfonated portion, 100 g..of the‘paste_.
are-diluted with 250 g. water and mixed thoroughly in a separatory
Fannel with 400 wml, ether, If the phases do not separate a few ml, of

“saturated sodium sulfate solution are added. It may a=lso be helpful
to add a few ml. of methanol. The sullonaue solutlon is then extracted
three times sach with 200 ml. ether, : ‘

‘The collected ether extracts are washed four times with 200 ml,
each of water to remove any sulfonate. A small emlsion layer that nay'
“Pormcan eesily be removed: by adding:a:few mlioof: ‘szturated sulfate
solution. -The ether extract is dried over sodium sulfate and the ether
"distilled off. For this a2 500 ml, round bottom flask is used which is
equipped with s simple Hempel column. - The flask is heated in a water
Hath at 50°C and the ether is added by means of a separatory funnel,

After the ether has been distilled-off, the flask is placed in”
_a.water. bath.at 30°C.and. evacuated (15 mm.. Hg.) for 10:minutes.. The . ..
ether free residue is weighed.

Pages 255-261 nﬂ&lJSlS of oleflnlc heavy oils and- uure alcohols
used in the Oxo~-synthesis according to status of August, 1941,,
_ Communlcation from Oberhausen—qolten, August 19, 1941.

A, Olefln‘content. Experiences Mot all oleflne have the same
rate of addition-in the Oxo»synthe51s. .Therefore not-any-of-the methods
for detcrnlnlng olefins is generally applicable because olefing that-

have reacted in the analytlcal orocedure may not react in_the Oxo-synthe51e.
~..Therefore,-in questlonable case. the amount. of utlllzable

olefms carmot—be evaluated Wy an olefin analysm. In these cases small‘

scale runs of the Oxo-synthesis heve to glve the” 1nformet10n as to the ™

mounts of olefins capere of addltlon.

irmmry

tatus: It has. been found that for synthetlc 01ls, delxvered

present: D ~ :
" nunber gives the correct value for the oleflnslcapable of addltlon.

" This- mebﬁod is recommended in the form proposed by Kaufmonn. ~The same
.values_are lound by determlnlng tha‘aullurlc acid.- ohosphorpentox1de h
(Kattw1nkel.reag°nt) soluble before-and after hydrogenatlon . The original

Kattw1nkel method has been -improved considerably so that now an aﬁaly51s

) an“be“ﬂade*ln*amverymshort“tame*and~w1th“vwry~emall~samplesw(Butyrometer~
method)




For the small scale Oxo-synthesis @ suitable apparatus has been
developed which mekes it possible to process 10~-20 ml. of the oil in.a
short time. This apperatus can also be used for the hydrogenation of
the sample 40 be uvsed in the sulfyri¢ acid - nhosphorpentoxide soluble
test. . ‘ ‘ o

B, loleécule size of olefins. Ixperience: Detemination of
nolecular weights did not give in all cases the correct molecular mag-
nitude of the olefins but only average values which tell nothing about
distribution. In the presence of alcohols not even the average values_ .
are anyvlhiere correct, '

: " In order to detérmine the distrimtion; a fractional distillation

_of the olefinic oil has to be made with a subsequent group analysis -
(iodine number, etc.) of tlie single fractions .

s enrooStatus 1o Fors thes fractionation various: epparatuses have been .. . -

used and an agreement on 2 standardized apparstus seems advisable.

) C. Other constituents. Ea{periégnce': Products interfering with’
the Oxo-synthesis have not heen. encountered in our primary products,

The analysis is concerned merely with the oxygen containing comounds,
particularly the alcohols. T

: - " Status: lhecommonlyuseg_and generally known methods. are
applicable—for: ' . , _ R ‘

1) Detgx\q.u’ination of OH mumber;
- 2) - determination of CO-mumber;

o3y determine tions of-acid-and-saponification. numbers, ...

. - D. Structure of olefines, Experience: Sepending on the condition ™
...of the synthesis the olefines have either straight chainsor.are branched

in unknown amounts and wanner. imalytical methods. to determine the changes:
~-in structure. are.so.far.nob kmown. T 7T - T T o »

' The only possibility to eveluate the }§tx“uctu_ge. of the initial. .~ ..
0ils is the s‘mall»scaleltoxo‘—synthes‘is -and the‘p"f'éparation ‘and ‘analysis of - -
“the single alcohols. BN ‘ : ‘

—————strtusT—detriis—have-not—been-orked—out-usyob <19 sideration
of investigational work. - I A

o ;i." Neture of fiﬁislled‘nroc‘lﬁéts.‘ As ]finiShed‘producfs of the -
jﬁéW‘“O;ggﬁplantfoniyﬁam:e;alcohols»should result..For accounting the

‘following. applies:. ..

( .

Yy ToR e present o Agreenents-seem t0 be: requized-for hydro-
carbon containing crude alcohols. S
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R)’ The pure . alcolols are obtained. as the products of a
careful frcctlonatlon. From this the molecular mognitude is known
whlch can be evaluated m thc gnalytlcal exam:matlon. o

__Detemination of quantltv of alcohol. Experience: The -
detemlnatlon of OH number is sufficient. Secondary alcchols, as
experience has shown, are-not contained in the pure dlstlllates.

C. - Other constituents. E:merience: A8 secondary products can
—oceurs )

1) Pydrocerbons , originating fro‘n primary synthes:Ls because
of imperfect distillation. -

2) Prlmary formed oxyffen c:on’c.alm,nnr oroducts, for example
alcohols, beczuse of imperfect fractlonatlon.

S— 5) -#1dehydes. wixich have not .baen. hydrogenated.
o 4) dydrocarbons, orlglnatlnfr from sp].lt’t,mb off oi‘ water
and from hydro< enatlon of alcohols. a

-, '5) Higher molecular oxygen containing. oroducts f‘rom the Oxo-
synthesls (heavy*o:ﬁ?cs—i‘o wxauplercemle_nm emﬂar‘ secondary alcohols,
-esters, acids, ebe.) | oo : N

Exnerlence nas shown ’ohat the amount of- or:.mary formed :xlcohols
is negllg:L hle if the plant is run under the right condltlons. )

'on—hydrogenated al_cle_hydes are oractlcally not encountered and i
can casily be-detected by the. CO" Aunber, ... .

Fowever the- quantltyb of- nydrocarbons reaches measurable value.v;
mey cen eas:.ly me determined as residue from the c;uli‘urlc acid - ohos—
phorpentoxide soluble test “
\\ gy meE——

~ The heavy oils, mentloned '\>ove, Tare ‘Jresent in-the pure alcohols.
in only small oroportions if the :lent is run under the right -conditions.
The ‘enelysis_can be mde in a number of ways. e

a) Heavy 0ils have a 1cw 0 number, hlgh refractlve mdex, "
and very high saponification numbers. Anvestimate can be-madefrom - .
the drop of the OH number, the mcrease 1n ref'ractlve Jndex, den51ty,

‘ cnd saoonlflcc.tlon number. o B

b) Detcrmlnatlon of the absolute amount 7is ooss:n.ole by -making
a careful frcctloncl vacuum alstlllatlon and measurlng the residue.

v Status," 1) OH: number.

2 (‘.n,mlmhe'r'.f o

3) Hydrocaroone by the sulfurIc—actLW—-— phosphorpentomde
soluble Lest.:v
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4). Refractive index.
-5).-—Density.
. 6) Neutralization and saponification numaer
7) Fractional vacuum distillation, -
D. lolecular weight of the alcohols. Sxperience: hen the
olan’c is working properly the technical fractional distillation. separates
clean fractions. !ith the exception of C1gol all other alcohols are obtalned
in pairs. The proportion of the two alcohols in a mivture can be obtained

 from the OH numben (after deduction of the non-alcoholic portlon) the
detomlnatlon O.L the molecular weight is less accurate. '

Errors can occur if, because of imperfect fractionation,
_fractions_overlap,. . In this case only.fractional distillation with
subsequent determination of the OH number of the fractions can glve

" the desiréd information, e

Status- 1), OH number,

: 9\ ilolecular-weight. accordlng to Beckmann, cryoucoplcally
-—m 10% glacml acetlc acid solutlons- lmlt of error : 5%

5) Fractlonal vacuun dlstlllztlon.

‘ - “Structure of the alcohols. coerlence- It has been found that |
the smgle synthesized pure alcohols cen be seoarated in their isomers
by a sharp.fractionation. - The latter can then be ch;.mctermea by .
.m-OhVSICEJ.]. and chemlcal means. :

Othor nethods whlch c:.rcunvent the J;ractlonal dlstlllatlon,
for example ’ (ptlcal ux,t‘mds are not cons:uiered for nraci',\lcal Durposes. :
: 1‘01 tne ore: Mratlon o:Langle alcohols the 11yurocarbon distil-
Jlation had been carried out in such & & way that the forerun and the’
,‘mbermeulate fractlons, which contain isomeric olefins, had been separa’oed.
“However, in the provided pair—wise processing. the intermedizte fraction 7
- is used in the synthesis, In this way additional jsomeric elcohols are
foriwed whose boiling' range lies in the region of thﬂ nem lower molecular
alcohols. : - :

i ) [ ’ i v stx'uctu”' :

“of the palr-—mse ootalned alcohols from wvacuum dlstlllatlon. Status detalls
have . not. been worked, ‘out.

i F: Color and metal oontent Dxperlencer» The products are-

:“:‘colorless under nomal condtions, .”1sturbances may cause- 11ght coloratlori o
probably owmg to metal content.. BREE ‘ . S
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ITI. Summar:y L T
— Initial 0ils
- A, Pmlyses to be made regularly:
1) Engler distillation
2) a) Iodine-thiocyanogen number :
b) Soluble in Kattwinkel reagent before and ai‘ter
- hydrogenation
3)  OH nuwber
4) Neutralizetion and sa*)onlflcetlon mirber
5) CO nwiber : :

B, TFor accurate characterization. . T |

1) l'ihe fractionations determlnatlon of". lodlne - th:\.o-
cyanogen number-in the single fractions,

FEg Yy Oxosynthesis on” ‘small-scale-up: to-the alcchols-and -
: dctermln..tlon of quuntlty ;.nd orooertles

4inished P'rochicts

A vunal,/ses to be made regular1y~
?) CO number :
3) - Heutralization and sapomflcatlon number
-4).. Kattwinkel reagent soluble °
5)  Density .
6) Rei‘ractlve index
B. For characteflzatlono I‘ractlo"lal Va.cuum dlstlllatlon
T and detemlnc.tlon by analyses A= i

T

- Pa ges R4 267_Co-ﬁumber—and—'v&meﬁ—thtee¥aﬂegen_numben._
»uommunlcatlon from Ruhrchenie, lay '7, _.L941 , o

-hbs bractﬁ,..,..‘

- _For clarification of somg statements by Dr. Roelen (the’
‘previous communicatlon is-one of them but not-that-referred— to)-it-is—
-S&lld that, the term "1od1ne-tmocyanogen auber”. is wrong and. misleading.
In the met thod that i§used for- de’cermmmg oleflns pure thiocyanogen is
~usea Wi 11ch NE 5. QULLE T Gi-NGu= thiccyanogen
solution. ~Follows & polemic. £6 the extent that the writer doubts the
amllcablllty of “the. ti uocyanog,cn métnod. ~In regard td O number ‘deter—.
minations it is pointed out that’ one “hour heating ‘does not ‘seem necessa'r”f
and mey lesd in certain cases to erroneous. “pesults because of c;baly'blc

decompnsxtlon of. the hyc’rdxylamne tnrough traces of metals.

e wT2gRS. “B68=272 MBtliods for the’ analvsis “"of Oxo—broducts used
_by;‘I.,G Ludwlgshafen. June lo, 1940 ‘ '
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Ttem 19 Pages 275-285 Methods"i‘orﬁthe—determa.nat:Lon of-the normal
paraffins in the pasolme,m dle oil and way fractions. - Removing iso-
paraffins by reaction with SbC © Oppauy’ hugust 2, 1940 ~

Ttem 20 Page 236 Ainalysis bf gasoline afiddiesel oil fractions from
recycle oderation using iron catalyst, Information from I.G.
' _ Pol‘ben\ May 23, 1939

} < .
. Page 238 Afsulysm of “husgangs und mndgase" from I.G. gas
recycL, process. . Indwigshafen, March 20, 1939.

_ Page Q90 ~n<..1VS:LS of liquid product from I. G gas recycle
Processe. : Merch 13,

re ge 292 Description of I.G, gas recycle process. Operabing
conditionss tewmerature,over 300°c; pressure, R0 atmosoneres- feed, CO: Hg
“mole rabtio 4153 total 00 reacted ufter: second . stage, -91.5%; lni‘e of iron.
cat‘"l"st, 9 weeks; gag hourly space velocity élnerts :mcluded) 300,
.Yieldss l0il,. 99 g./ coﬂ{ alcohol, 14 g. /mSCOtHy3 Cp=Cy» 47 B Jm® COtHy
Holten, January 10, 1929

Page R97 Descrlntlon of I G. oil recycle process Operating.
conditionss catalyst fused iron containing Mn, Ti and Sij.temperature,
-.350°Cs..pressure,.. 20-100 ‘atm,, feed, water gas; oil renycle ‘ratio, pO.
Yleld- " oil, 113 g. /m CO+H, 3 alcohol, 9 g./mSC0+H, 3 Cz~Cg, 25 g. ,/m CO+H2
. T Holten, January 13, 1959 :

Page 302~ L.G." 0il reCycle Jrocess at 100 atmospheres, -Discussion
of problems connec ued w1t1 kaler aenerc.tor, niethane splitting and .
sulfir removal. - SR - Holten, January ; 16 1939 -

26 307 " Letter- of “transmittal of various-co: nalt- catalysts
from Ruhrcnemle to Ludvugshaf_gn. ' January 10, 1959

. Page..309. Report of-gas- recycleq)rocess by411cL1uel, _ the oil -
recycle process by Ludwig, wax synthesis, methane splitting, and synthesis
gas ;eed purificotion. General mformutlon. Hol’oen, Januc.ry 5, 1909

Item 21 1“age 5?4 The p’ttent rlghts on throce.rbon ‘synthesis held By

I H.;. and L. G. A ostrac‘r,ﬁs_ﬂ_ of pa\tents given: ~November oO, 1958

Ttem ?2 Pages 340~ 569 u-cperlmntwl dcta ana _grlcf repor’os on an
1nvest1%t10n of I‘e—-CaO—Cu—k:Leselguhr catalet for synthesm at 10 atms.’

b

kfor‘ catalysn reduc_tblo‘n., Norlc under’ superv:Lsmn of ?oelen. ‘ ‘
AR IR Rees, oeptember to Decenoer, 1944

_____ Pa"es 070-072 S’oatus of .Jynthesw w1th :ron catel jsts. General
.mformatlon. PN ”Iolten, June 15, 1944 ,
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. Pages ! 575-425 Summary of . s;ynthes:xs exper:.ments Ho. 786 to 65’7

testing various catalyst preparations comprising 100 Fe, 5-207Cu; 10 CaO,

30~50 kieselguhr, with either soda or potassia precipitation, and

usually morebrnabpd with. definite amounts of potassia. -
Holten, January to mugust 1944

Ttem 23 Pages 4-26—112'7 '{ccowry of cobalt from s:ent catal,/sts.
tIolten, Octdoer 20, 1939

Pages 428-432 Discussion of economics of ex‘oractmg waxes

from s:ent catﬂlyst before recovery of the cobalt.
Holten, December 16 1940

Pages 433-435 Discussion of vorious means by which the per-
Formsnce of cobalt catalyst mey be improved, i.e., catalyst Dreparatlon,

Jrebregtmnt md synthesm uas feeds., .
& : Dortmuna, QOctober=15;- 1“41

4735~ Aivailability and ¢ dlstrlbutlon of an improved -
type of cowelt cutalysts mde by Ruhrchemie. ._Discussion with llcensces
~ Essen, lMarch 24, 1941 : Y -

i
!

Pages 442—448 Dl.acussmn ‘betrEsn Rulircheieand 11censees on
-problems-connected -with cobalt catalyst. synthe51s including (1) utilization
of improved catalyst prepared from "Rostgur", (R) actual monthly catalyst
requlre'nents, (3) difficulty of Ruhrchemie in meeting cotalyst particle
range snecification, (4¢) estimted increased costs rasulting in-working
w) spent catalysts containing waxes and other impurities, (5) wuse of . .
f’c_aed purification ca t:.lysts aurmg the first half of 1941, ' .
S o Bochum, February 4y lu‘]:l.

ST PR dR s 449451 e of synthesis” reactors in use—by— Ticensees, -
Cobz1t and thorium stock sw.tuatlon in 1940, Holten, £oril, 1940

!

. Page 52 Note of thorium and comalt losses in. caualyst preparatlon.
- s omoom o Holten, Julj R9, 1908

i

"ages 1’5.3—0 54 Cobalt catalyst rectuction Gosts,. .
\‘ IToH: n, July 1, 1941

Item 24 Pages 456-45’7 D1 cuss:.on on- characterlstlcs of various.-
lfleselguhrs. :

l“hrch 5 1944 ‘

! o o - » lIolben, I‘ebruary 24, 19A5

SR Page51159—460 US,G Of' "Rﬂs’ogur" in the vreparatlon “of catalysts. v
T R Schwarzherde, I‘ebruary 28, 1041 :

P 0 461-468***]3180113 s1qn~wbetween-Ruhrchemlewa.nd.llcensees PR
kn.eselfruhr supplle' __rIn'.l ten, I'Iay{_{?, 1840
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'P ges 409—1:'10 keport on‘"u'*h*trof lcleselguhr.
' Holten, August 19, 1959 —

: Pagés» 4'71-4'74. Report on the evammatlon of o sample of kiesel- -
pubr, including microscopic, elutriation, and filterability enalysis.
T : *Iolten, August 14, 1939 -
P zes 475-476 Re:ort on the effect of time of nlc:matlon
(095 °G) on the amount of soluble iron in kieselguhr. xunSuGI‘, July la, 1939‘

‘Pages 4774 80 L.tter alscuss_ng dlfi‘lculty in ma:.ntammg k:Lesel-
gunr qm.llty specifications June 23, 1939

. Pages 401-403 Relation between per cent loss on 1gn1tlon and
ner cent -z cm soluble motter in. kieselguhrs caleined at various temperatures.
Hunster, Jure 1, 1939 '

~ Paze ,;34 the on t-lc ‘vr__110~ tion of kis elfruhr Wy water washing:
2 nge
funster, oy 195, 1909

_Peges 406-4 09 LIlscellaneous 110tc=s on kleselruqr. General -
mforlm,ulon on imsurities, analeos, gbe. :

3
-

Pugeo 500— 503 ,Jescm stion of kles°lguhr-120 ~nd 1{1ese1guhr

purification S ] 0051989
Pages 504—508 Kieseleuhr reclamatior‘i: larch 20, 1959
"eges 50“ 510 hle.:c,rlauhr rcclc.mtlon.m Inrch ‘7, 1309

 leges 511-515, I-{ote ,on”, 1ncreased s:md in kleself*uhr samples.‘

Pages .,51{3—51*7' .Kieselgu‘-lr’ su‘;.\nlies.- . July 30, 19’-58

Ttem 25 (Thorium Recovery) Page 518 Schene fOJ. thorium recovery,
S C , . -_Qotober 27; 1941
\P"g3518 rief 1e bter o bhorlum recovery: pro"rum. o
- S { lten, Fe 3ruary, 1939

r’a'»eg 520—522 T‘Lorlum recov“ry at Bragn:.g, glvmg \rocedure,\
sparatus;: j’.L’-’ldS and nL.‘b”I‘l al ba 1ances. Januav"y 20, ‘1,/5.9 N

: g es 523-527 Thorium recovm*y “t ochwerzoelde.~ TTocequre,
,patus, ﬂnd cost estlmbtev 71ven. o Jecemn r 19, 1938 -

T PEEeE 5R553 Jolten srocess £or recovery of horium. Flowsheet
,wnd costs givenm, oo ‘lolten Octoor’r 2?:,,1958 co Tt

iscussion -;bei;}‘::ee11.1,'\uer:ge.se.Jﬂl.,s_Q;1; e
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2oces 538-541 Results of 2 lerge scele operation fdr-—récovei'y
oi thorivm-by-the sulfste process. . - --Hlolten, July 27, 1938

Pages 542-543 - Thorium recovery. using ¢ mixture of sodiwn and
potassium sulfates, “ Holten, July 15, 1939

Pages b44-548 Thorlum recove:r:}-r,. giving “alances and operatmg
. ’Tntc. for l year period, . Hay 31, 1958 BRI .

Ttem 26 Pages 548-555 Summary of feed pumi‘:.cat:\.on data from Ruhrchemle
licensees, N - Holten, June 27, 1941

Item 27 Research suggestions (!‘-.u’ohor, liceTen) Genei‘él’fS’ynthhsis;_'

Puge 557 X proving high aelting wax vields, . May 4, 1939
T 3ape 558 Suz estion’ ’co Qetvrmlne ‘octane number”of “low boiling: -
progucy from 'i;he Oxo-—';:)roceus. T © hpril ?u, 1939
Peges 559 iliscellaneous v‘*oceaurd SuUgx ostlons.
- Page 551 Regenerction of cohalt wlth high H, flow ot high
pressures. B - ‘ July’“? 1958

fage So Production of low o) 1lm' oleflns wl’oh cob.glt ccbtulysts
opercting et tigh pressures and temperctures. October 15, 193

Page 554 uu"'feotion o study the luence oi‘ recycle ooerc.tion
(500 to 1000. ctn. gressure) on recaction of wdcmr gas with ethylon
S S ieyenber 18, 198 8

M"'j.?'?'é.'{ﬁiéfo Synthesis at Sressures over 5007 abm
: . : 'Iecmeoer l&, 19‘18

Page 557 acycle o >er~b10n To produce low b0111ng hydrocarbons.
e : C o Ja nu‘.ry 11, 1 38

s PR BB S 538-569 Ini‘luence 0. catulyst con\oosﬂ:lon on WX PO
ductbion. . _ Junuary 11, A 59

-’age 570 Lﬁbricatii{g; 31 imsrovement, Pabruary 11, 1939

Bubc 571 Alf,h presoure s Jntnculs o Ii'ébfuaf'y 17',‘ 1939 -

7. 'S P-o75 “’vo{,r il bo tstud v moans of 1mov~ovmg wax ylclds, ,
ST uarcn 1o, 1959
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Page 574 Imbricating oil. - - March 24, 1939
Page‘S'ZSI Liproving wax yields. July R2, 1939

Page 576 A1COhol‘prepared from cracked gasollnes. July 20, 1909

Page 577  Iron catalysts.4 . august 14, 1959
Pagé 578 Synth351s prognam for men’ under Rzelen during months
soofAususts rd Se)tvﬁhe“ o it e e
Pree 879 SyntH051s at 11g1 vressure.f< Decomber.ll, 1940
PagesSBO—SSl ffect of syntne51s ges comdosition on olef1n1c1ty
of procuct, » : - R _ Septomger 4, 1941

.  Page 582 Influence of cooclt catalyst den51ty'on wax- retentlon.
B "March 25,1937 ”’

“ge—584 Llfe studles on- four different cooalt CutquStS..
: My 50, 1937 -

e 585 - Influence of. cat(lyst com0051t10n on.WaX. ...
November 11, 1957

- gt

Pag83580—588 Brogram to study synune51s mochunism. pddltlon
of olpflns (es0001o11y ethylene), alcohols, ketones, etc. to synthe51s
gou.» , v - . Dacember 11, 1957

Page 589 Addition of iy bo synthesis gas. Novemaer 19, 1957

“‘ﬁagéiééd“??faaﬁ&ﬁibﬁ“af“61éfiﬁé?““co”ééfa1y§£é:fﬁoatbaérwzvgflgss

Page5595—596” QéSults"with'QO'Fe-lo‘Ca catalyst. February 5, 1989

‘Pages 596b 5960 Mlscollaneous notea on. fron o&talysts.
MaV 22. lgﬂ?

iP‘oe 597 GaSOl Hroductlon —fcooalt cutalyst K;fch 1, 1959
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Page 598 Note on improving wax yields. Pebruary 17, 1959

sages 599—600 Stuuy of reactlon mechanlsm with Co catalyst,

reduction of 2lcohols to hydroc..rbons. . February 17, 1939

Pages 601-003 ”"rogram to study process variables. to :anrove
wax yields, March 4, 1939
i Pages 304-—605 Progran to study c‘.tr,lysts to improve wax
yielas, ‘ . March 13, 1939

: age 506 ‘Removsl of I’IgO from Co cutalyst to atbemt to reduce

Llaeh‘{oeﬂolynerlzamon. , March 9, 19539

Page 527 Iffect of inerts in syhthes'is gas. June '24, 1939

:'P",:,e 508610 ';Lo'rgm for tne study oi‘ vamous I‘e/Cu/klcselgtmr
cotalysts. June 22, 1939

Page 511 Use of zlcohols in solvent extraction of catalyst,
"= . June 24, 1939

Pege 612 Recycle opez;é;tion with iron ca'balyst. _"urfust 1, 1959

Pz-.ge,()l.? Catz lys‘o gtua 7 program for 1r13roved wax yields. -
: L August 19, 1939

Page 617 Multiétage process for férgéheration* of cobalt "Cataly_st
. with Hr)... e e .. October 23, 19_59 e

oPages. 518621 Su gested program. to. study conditions. to. mprove B
hlgh )011111n olni‘ln ylelds w:Lth Fe cabLlysts - da nuary 4, 19’ O
i Page 5R3 Note on use of iron co m]ysts in feed purlflcatn on,
: : April 18, 1942

Pages 624-625 lotes on irori Syithesis catalysts. Hay 22, 1942

Pages 626-—629 Su‘g:o t:Lons on synthes:Lu reacuor mnrovements.
" T du.l.y.l.u,.l.ﬂf. =

"J.ges O-6'Z>l Geéneral covments on 1mprov1ng olefin 3 ﬁelds
m cobhlt ce t lvst svnthesm. : - Octoxer '50, 191‘2

P ge 652 Suggestion for furbher mvesblgutlon of aromatlc

"th n"on catalysts. ST T .’&prll RRy - 194

‘ i orm:t lon

Pabes oLA?)—oSéL Notes on iron \,atclrsts - July 12,‘ 19_/.1;4_; ,

July 21, 1959



- 30~

-Page 040 Lubrlco.tlng 01ls conta:.nmg oxygenated -compounds,
. Ju:ne 13, 1941

Page 541 Hydrogenation of polymer from Oxo—process w:.th copper
chromite cc.tolyst to sroduce alcohols. . July. 8, 1941

| Page 543 Suggestion to detérmine extent of chain )r:lcalng in .
hydrocarbon »roducts. ) " QOctober 2, 1939

Page 61‘4 :’resence of 001101dal cobalt in product. .
. Februery 27, 1940

Ttem-28 Research. ull"’*GS'blOl’lS -~ OX0~rocess (aut‘lor, Roelen).

Page 650 devaration of cleohols Lrom neutral oil in the d1ese1
Oll range. : ’ June 3, 1939

7 rL se oSl burgastlom;o deteriine the oo:.nt of attachment of CO

to uropylene in Oxo-synthesm October 15, 1958 -
flechenism of alcohol synthesis through the hydrogenatlon
of aluenjdes. ' -« October 23, 1938

Tage 652 Note of Losses of cobalt during synthesis, October 15, 1938 "
' Pages’ 65o—054 rrogram for o 1datlon oi‘ aldehydes.
T ' Novemoer 15, 1938

. Page- 555 Droductlon of low b01ng olei‘ms by addlng CO to
~syntnes:Ls 228y o - o -  November 25, 193

"’af'e 056 \Iote on hlgh wressure oyntwems. - Novem’oer. 2, 1938

Pa e ﬂ57 yatty ac1d recovery. . November l 1058 )

Pages 058 569 Uses f’or oroouct fr om reactlon of CO H w1th
high hoiling oleflns. ‘ Decemoer 9, 1938

Pa'"e 670 Side reactlons in Oxo—process —December oO, ’1958

. Page.. o‘7l Suggestlon to study dlffe‘f'ences 3etween temoerature
requn.renents for con’olnuous and d: scontlnuous Oxo—syntheols. :
‘ - - - December oO, 1958

Pageé‘v_z J\Tote ’co .,tudy mech:ﬂnlsm of: ketone wrmatlon.
L - Decemb'-’r 30, 1958

P‘*ge 075 l‘Tote on 0X1C1121nc alcoholo tio fatty acids.
' ‘ : - Decelmer .)O, 1908’ ‘
Pages 674-675- Program to otudJ tne orepwrotlon of fatty aqlds.
R o 7. December 15, 1028

Ssibls substitutio r\i“_mckel or-iton" catalysts for;
R B B January P
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Dage 580 . Purli‘lcatlon of: hnﬁh bo:.llng aldehydes by ulstlllatlon.
' ‘ February 8, 1939 - ’

’age 681 | 3ossnle synthesis of aldehyaes and ketones by . reactlng
CO + CpHy + H20. : ‘ : February 7, 1959

" Pages \>82—084 Discussion on mechanism of ketone and acid
formatlon in reaction CO + Hy + Can' B February 5, 1939

Page 685 F‘roductlon of fatty 8.01dS from’ oleflns
: 4 January 30, 1939

" Page 686 Note on nossible an ollcﬁtlon of pebroleum fractions
“to Oxo-process. ' _ . Janunr'y 50, 1959

o VPégQ,o,S?_QV‘lgifj,p cfgg@eﬁngfa_tipn. 7 O + olefm in oresence of
U SR A S S s Jmunry 30; 1939

Page‘688 adltlon of w,ter zas to 1\.1(,15 oolynerlzeo olefins.
L U R Januury oO, 1_.5&__9,“_" B
)afre 589 Dlscussmn of - problens in separating - ,roducts from
Oxo-reactlon usmg etthene. Lo e January . 17, 1939
. Page ng\ Purlflc tlon of \1L,n ooﬂmg ulaenydes by oisulflte
formation. . R - Janm ry 1'7, 1939
Page o9l Recycle operation with Cszr-! ‘water gas.
A ’ Januhry ]1, 1959
Fages 652-694 Acdibion of witer gos to propylen.
' T ]."eoruary 17y 1959
Page 595 ' fur ox1dr:t10n of Om-proc;uct I‘eoruay 15, 1959
BT ;fage 69{) ' Prooosed mechanlsm for reactlon between water gas
.and C5H6 ‘ ) , ‘ March 9, 1959

Page 698‘ Jrlei' note on eff‘ect of aaalng N:L to Co cataihsts.
. o e March 17, 1959

Pares 099—702 Poss:Lole reactlons 1nvolv1ng aldehydlc products.
= e L March, 1939 f '

P'”e 705 bulwpsk,lon to add ethvlene o::1de to water ga 5.

Pages 708-710 Research pw"orfrm {‘or Jllot ol n‘b study of O)o-process
A i‘low sheﬂt for contlnuous reactor 1s glven. February, 1940 (_1,‘, o

G
l“-h1gh~oq11~1ng-oyygenated¢_

—sa5e I Sugfef vl 'use*’i“or““"Dr”
product 1°I'om Oto-nrocess‘

7pa~E>e 72 ou&nested USe .LOI' ‘aldol. conaens,’éit'i’oﬁf,'fiii"dgli‘i(;tS".‘jf“"“j“
‘ Lc bprdl 10, 1940
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* Pages'713-714 Addition of butadiene to water ."és.'"“'Jline 14, 1940\

. Page.714 Sugg ested use of metals not. in iron group as catalyst;a“
for tlie Oxo-synthesis, : _ : : .

Dage 715 ?’roposed program for Oxo—synthesis. September 9; 1940

Pag@ 716 Use of cracked dlesel 0il for c.ldehyde productlon.
VVVM—HL‘urfust 8, 1940

Pages 717-718 Sug‘.,estoo catalyst treatment in aluehyde svnthosn.s.
July '7, 1940

jage ‘719 Brobrum for studj of lubricating oils 1“rom Oyo—aroces.,.
Decenber 9, 1940

“Page~720--Sugges ted-means<for: fac ilitating catalyst filtration. -
o December 9, 1940
Pa'fes 72]—72? Polsgible met hod for 'préparj.ng aldenhydes from '
-alcohols, - v : fugust 8, 1939 . - . e

o - - o
Pa.ge4’725 Production of higher alcohols from-wax by chlerination. -
» : " August lL, __9.:9 e

Page TR4 'kiss'ter formation- from alcohols. :‘Lugust 18,1939
Page RS Oxo—synt‘nesis with “iron ca‘tal‘ysts. Jajl‘hu;ry 22, 1940
Page: 706, New ca talysts for oxo-synthesm. November~~1»5,'--v=1941-'

Pa"es TRT=128~ S’cudy Of“'V’I‘lOUS products-from-Qto-syntiesis. -
December 4; 19u9 '

Pege 729 Preparction of ethers. - ,Ixovmber RS, 1959»
,Page 730 ;’Jré:)éfdtion'of-.esters. T Novemwr 5, 1939

75 DtudJ of aldol condensutlon. ,"_“"February 59, 1940

Puge 752‘ Pre oaruuon of. glcehydcs. Februory '5'," 1940

e Page, '7‘»2 Ou"'"eu'bed mﬁans bo avoid oolymer lormatlon in Oxo-
‘ : Tnnnqrv 9? TQ[O

bjﬁﬁhca;c-
Page ;755_“-"1'\.1(101'condénsation. - Decnnoer 12; 1°A0

P:a‘f-’-'e”?sl!”.‘?i'eﬁé'r ulon of uc,etal Novmbw ?1, 1940

)aru‘clonwoi" daohWe&MQVember 14, 1940 L

Hydrogr\natlon of aldol conaensate g w:lfhh Cu/Cr cetalysts.
” i f*Nov“nb r- ll, 1941




w-  Page 7dO Sugffestlon to use metal carbonyls in- reactlon wﬁ;h
_olefins, Hy and CO. o R Decmber 22, 11941
' Par'e 741 Rroposed use oi‘ acetuls as cooling mediums. -
. May 6, 1942 -
_ Pc.gé 742  Use of 002 0 decomposc dissolved mrntul c:roonyls.
- : February 5, 1942

. Pages. 743~744 Poss:ble Dreuarr_tlon and uses for unsatura’oed
aldehydes. —— Tay 5, 1942 '

‘< Page 745 "Pre_ta rotion of ‘ngh molecwar weight aretals.
‘ ' May 21, 1942

o Page 745 jO'b‘I’Hlll’llng the extent of double-bond shift during .
““Oxo-synthesis— = = October 15, 1942

es 74'7 '7A8 :reparatlon of_a c.ldols July 21 1942

Page 7~i9 Use‘ of olefins ;rom iron cotalysts Lor Oxo—laroce§§:\
' ST February 1, 1940

£ dldehjues under. pre"ure.,

Pages. 750-:751 Sugc,e : &
_Rugust 1R, 1940

. Page‘ 752 ittempt to oro xre nore ﬂlghlj ‘branched alcohols.
. November 1, 1941

" Pages '7'55'—‘7_54‘ Usc" of hc°t‘ 1ene 4n O‘co—hrocess. L
: Jenuc'ry 11, 19;1

Page 765 _’)eswas llty ol ex cludlng 602 i‘ron _Leed in Oxo-synthesm. ~
: June 95 19}1 v

[

- Page 756 Su@#c tlon ‘oo use n'her concentratlons of H2 1n p
::o—synthes:.s L o June 6, 1641

' Pdgc ’757Test1nge;f°ct of low t\,mcr"ture ‘and 1ow CO concentratlonf
_m 0 t0- qynbhoﬂs L R o, July— 2., 1941

S—
V

‘ ?a'ge '758_ 3 Nobe on te'stln" wlkall-free bObu.-Lt and-iron’ catalybts,
T g Scptcmoer 225 19{L1 :

wre.'759 : bétérlﬁiﬁafidp, Bf oartlal pressureof CO-needed- for

Oxo-~synthes1 Lo e T Novemoer ?4, 1941
S Pages '760—'701' S blons ;(‘or‘ aopirutus “For- llquld nhc,se OYo—
. synthPSJs. ‘ S e e Janucry RRs lJfl" '

- Tiore” efflclent utlllzatlon oi‘
Janmry ‘4, “1.94 P i

_feed goses. .




Pages 76o~764 30531b1e c1rect synthe51o of acids from CO, ‘
H20 and- oleflns. o A _ . December 4,. 1939

Pages 765—760 Possible uses for Oko—products December 29, 1939

Page 767 Jstnrlflcatlon of alcohols u31ng ‘Co ‘catalysts..
Novmmber 5, 1959
-~ -Page 768 - Testlng other. metals that form cerbonyis 1q_gxo—
syntH051s. _ - o , December 5, 1940

-  Pages 769-770 Reactions of alconols over N1 catulyst.
- — . Jamary 14, 1941

© Page 771 Production of futty aCBﬂS from alcohols,
. January a, 19A1

Phge 772 fostlnv efflclencv of hydroven ureatnent in remov1ng
-nlgh 00111nr oxyzen contulnnng comJounds from catalyst, . .
o v Decembar=td, 1940
"‘?ages775—775 Production of rgtty uc¢ds from alcohols..
B . Cee Deoenoer 10, 1940°
— S wm e gt ?::1 ) )
?ages 770—779 Varioué”féactlons of uldehydes ‘shd alcohols.‘ =
: e - Januhry 15, . 1901
Page 780 Jrevarhtlon of Clda from aldols u51ng Ni. catalysts.
- January ?l, 1041

) Page 761 Preparct ion of f’éﬁty' acids"ffonx alcohols by alkali =~

usoni o e sy iy
- - Pages 782—785 Possible cataljtlc “lKall fusion.

S February 14, 19”1

'Pages 784~786 Use of Cu/Cr cotalvst for ulaehjde hyarogenatlon. ‘
= ‘ “ , ‘ : Novemb r 17, 1941 R
e 787 Dugbostlon to use Jutlndlol in feed for Owo-synth651s. '
S - : June 30, - 19ﬂl '
Page 783 - Sugs sested. studie for new 1ubrlcﬂt1ng oils.
- -4.f  - VT“.‘ e : - June 13, 19Al

Pz 'c 789 Su ﬁesteu study of tnﬂ ef;ect of ooerutlng varlables
Won coo‘lt cufbonyl cdnccntrﬁtlon in- raw alcenyde.j~u June 13, 1941

‘ ‘ °abe 790 U 58 of mlxoure of Co and Cu/Cr catalyst, ‘in Oxo—: S
Msyn lewl': ARSI bt PR NOV 1’1])".‘[‘ 1.7’ 1941

A 1@.&I‘Ch2151942 i

o cenbr 25 1941
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Item 29 Roseurch Suggest:ons - Feraffin Oxidaﬁion

Pabes 797-809 Verious. sugbestlons on oreparatlon of fatty acids
by paralfln oxidation, - B T dJuly 31, 1940 -

: Pa"e 810 Preoaratlon of detergents by sulfonatlon of raw 1utty
acids., - - o - Auvugb 5, 1940

Pares 812—8lo Separatlon of hlgh ond low nol;cular weight acids,
; February 3, 1942

Pages 81A—8Lo Investlgatlon of the Dro>ertles of futty acids
from.vurlous sources. , , _ January 6, 1941
el o

Ttem oO Yeuearch Sugf tions‘-.Catalysts'

- " Pages 825-858. ifiscellaneous idess recorded by foelen in 1957-1958™
on cobolt synthesis catalysts., They deal in general-with minor chonges
in »romoter, conce ntratlon, ete. : : ; -

- Page 858 Su;;cstlon to study the effect of synthc51s gas . pressure
on hydroc_rbon desorbtion from ¢ ,ut lyst, © Qctonler 15, 1938 i
. . i

“Pages’ 859~862 “Effects- of- erlnus trnat”enbs on- Cut&lVbt aot1v1ty.;
: . . i UCuOJu 155 1938

’a"eu 860-870 Various notes ofi effect of urity of -raw. m“terlals
for cobalt catalyst preparation. ' :

”. ja'"e 872 Dlscuusm's~ a study of the sen51t1venesa of magn351a

- promoted.catclyst to_mechenical 2 1tat10n._vwwﬁw fugust 21, 1959 .
— jafe 873 Study of. effect of qeat treutment on caﬁalysts of hlgh
c00u1t covtent o , : o o ﬁugust R1, 1939 o
- Tag 05'87ﬂ—870 ,Regenergtlon studies. June 20, 1939 e

Itbm ol \csearch Suggestlons = Kmeselguhr ZLTTTf“”“““““”;ﬂfL“;;;;“;"

= Pq*es 875—880 Study to determlne dlfferénce hetween Tresh anu ,
rc:enerated kleselduhru.” o August ?5— 1907

— %a es 8u1—890 Vavlous su sblons for gurlllcetlon of. kleselguhrs.v
: : s LCLoDCL ). i A—

e Pa"e 801 0pe01flcatlons of. Llesplguhr for cob,lt and” 1:9n
ccthlvsts.. A M June 10, 1941

Item 5? Reoearch uuggeoLlons‘— Dlegel 011 (iuthor - Roelen)

‘1\

":@Use of nltrate est°rs ‘of. ClOTCPO_alcoho“uwfr,g
sel pil. adglblves..km AMDecenoor 8, 194

o . Pa@es 806 898 1V”r10us meuns of: e&tractlng »1cohols from dlesel_t:~
7oﬂ.nnm L mmesm e ‘
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Pafrés 899-907. Nwmnerous sum*estlons on improvement of. d1ese1
o:ls oy means c_ssocmted w1th the Oxo~ or. Synol processes. T

Item 33 Research Sug'-restlons - Methane (Author - Roelen)

Pag,cs 909-926 Hurerous suggestlons on the enrlclrent of town
gas by the methanization of town gas with Ni and Ni-Fe containing catalysts.!
Ideas Qeal mainly with catalyst improvement, ‘Jrltten between 1939-1943.

Item 54 Research ouggestlons - Dehydrogenatlon

" Paze 92'7 Dehyurogenatlon and cracking of diesel 011 with iron
cdmlys»s ‘in presence of‘ steam. ~ ‘ May 1, 1941

. Pages 028 -9R9 D\,njdrogrmq tion’ w1th elementa ry sulfur as hydrogen
acceptor. . e Jue 1, 1941

' Ite{ 35 tiethanol 'Sfy'hi:iiééié fii-léitéh’ I

Pagé 530 Hote on a zine oxide contomlng, catalyst that was
active for-me‘rhanol synuhesw. : 1‘\11’01’1 &y 1943 " _

- Ttem 35 - ‘Lte‘r gas generstion.

“Lages 031-933"~ ’ttermus to .Llnd C\ltc-lVStr o.ct1Ve at low tenper tures,
S e L holten, '1941~1942 :

- Ttem 37 »Liqu'id phatse Synthesis L | -

e Pabes 934-955 Cracklng of 111 zh.boiling paraffins in llqu:Ld pbase
ynthesw. o 1 , . © Holten, Jenuary 10, 194?
Page 950 ou'rocstlon to ohséi‘;re exten’o of cat 1yst oxldatlon
by product water in liquid hase syntheolu. N Holten, July. .17, 1909
: Pages 957;940 Program. to study o'aer‘.tlng varlables and cata 1ysts .
+in 11g1u1d ohase swmtnes:.s. g Sy _ Hol‘cen, Jine 23 1959
“ Ttem 38 Ifsomer:Lzatlon : e TEET T R

“Pages. 941-94’2 bugoes‘o;Lon tb study octune numher 1mnrov=’mr:nt as-
“result of an. AlGlr,. tfemtnent of a hde‘O emted syntheblc 'rasollne.
: liay, 1939 ;

N ' . —

- Ttem 59'-‘Cr‘dckin'd”Pdi"a'ffiﬁ “"‘aXes‘ S

Cu

Pages: 9'15 94/1 Susr'“ootlon to t‘1ermally cruok under !ﬂlld condltlonb

Do

~ high melting waxas to lower their melting point- from abdout 90-100°C to-
cabout 50°C, o Py et Holten, l“ebruary, 1909
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 Ttem 41 Oxidation of high molecular weight alé:ohois ‘
Pages 94.8-959 Survey of satent llterature Se‘pfbénber, 1939
I’oen 42 3rymg Dils. T
Pages 900 901 Program for the 3rcmratlon of drying oils und
resing from "tldehydeu obtained in Oxo- and Synol processes.
i : Holten, January 25, 1943
Yages 952-963 J3rief notes on drying oils. June 6, 1941

Ttem. 43 Orgeno-metallic Cana'OImds

Fages 964~865 Proposed. Drogram to study the redction of
Ha_ete, w_ithrhydrocarbovxs. S {oltcn, JU1" 1: 1942 )

Item 44 Page** ’ 945-969 ‘%eonrt on dlscrewar'c:Les in cobelt balance in plant
scale synthesis reactors, .o - Holten, ;.Dl"ll B, 19/'4

Ttem 45 Pagd 970 Sug:.eshon to study 012 alconols oremred from 011
olefins. = , tIol’r,en P pé‘ptellﬂ)CI' 3, 1941

a:Item;é_é<~»7»«1?age;-»9'71» Sug Pstlon to dehvr ~ate ‘product-from Fe- synbhesis, — o
' , ;Iolben, August 12, 1940

Pages 972975 D7r'ogosed study of the dehyuratlon of. alcohols
‘with zinc chloride. . -~ Holten, January 20, 1841

Item 47 Pages '97'7-’9'7_8, Sugystlons on hyurocarbon cnlormatlon.
‘ ’ dolten, October ?o, 1909

'Iteﬁ 48 Pages 979-980 Sugzes tlon to studj deny&rogemtlon and c"a.cl\:.ng
of ‘wax at m__,n pressures ~in—oresence—of-C0 and with Fe or=Co.catdlysts,
< - - R I{olten, chober Pa, 19a9

’

Ttem 49 Page 931 "Dickol“-—'lron Ozo—orocess-ﬂs .a diesel’ 011 addltlve.‘ :

: TIoltnn, Jay- 18, 1940

-

Ttem 50 Tdges 982-98% A‘lowsheet for .Jep“ratlon of coke oven ,gas Fa
conotltucnts S e e S . Juy\e 11, 19/12 R

Item 5L Pe Ges 984-1002 Scheme for t1e ceb*rmlnatlon of tne Progress
0T “SyNTNe51.51a 56 O unalysm oFThe" exn 5.5E5.. - no.u;en, Novemser—17-1o1%

- Ttem 52. Pages. '1005;-'323504' Iron ca talyst synme31s pfogmm for Iaximm \_ _

. .procuculon of. mcldle 011 f‘ractlon..; Holten, Novem:er 1’7 1945 7

.Itcm ua Pa cs 1ﬂ05~1007 otk.’cpnent on :Lron clLalycts f‘or mt%nlzatlon.

110.!.0(.«11, JL;UUULL -.), .J..u_.x_

“acetvlene. nroductlon from mo’ohane.
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Ttem 55 Pages 1017-1020 Quarterly re*)ort for April, Iay and June.
Give s‘elfect on roduction at Holten of a.lI‘ attack of June 16-17, 1944.. .
Holten, July 8, 194-

Pages 1021-1035 Quarterly Droductlon reports for Holten i‘rom
Jenm ry, 1943, to larch 31, 1944. . -
Ttem 55 Pages 105'7—1040 ReDort on ,repar:xtlon of Cr/l\1205 ...ronntm bion
catalyst on pilot nlnt sccle.‘ ' Holten, January 10, 1944

Ttem 57  Pages 1042,—104: Heport on preoargtlon of polymerization catalyst
(1'57)4/0102) . o Holten, Januery 18, 19A¢

Poge-1044 Flowsheets for preparation and r'wenera.tlon of CI‘/A1205
aromtlz t:Lon catulyst. Janvary 7, 1943 -~

et S

“Ttem. 58J.?a[,es_101‘4-—1051 “Paténtreferences.  Listsrand-brief-abstracts:

lof patents covering a'wide range of subjects taken out in Germany, Dennark,
Sweden and Switzorlend. ‘ Holten, Iet mr\r 15, 1945 -

'I*_oem 59 Pages’ 105241055 Crief «"e nort w:.’oh f‘lows‘zeet on ‘methanization -
“of ’om‘m—gas, - S ' "Holten, October 7,-1941

P

- Ttein-60- -Pages.- L054-.-1055 Summary of. data from synthesis with Jron
cdodys»s (no catalyst descrmtlon) ’401’rm'1, Novmber 1'7 1941

"Item 61 Poges 1050—1001 General re; 7ort on synthes:.s with COb:.-lt
catalysts,giving yields and costs data. Holten, Januyry 16, 1937

tem 52  Pazes 10621081 Rpoort on’ contlnuous dechlorinztion: process
P??ﬂﬂﬁw?iﬁgza.uu.:‘.XP‘?P?;}Y‘?,,‘?P?E@lng data given., * Holt'-*n, JulJ 17: 1944

"Item 65 Paoes 1082-1095 Flowsheet fol_.oreoathlon_oLnlc&el cutg 1yst.
Holten, Jcﬂnuary 20, 194’5 -
- Ttem b4 . Fages 006 2000 Umwmgs for town gas.
i Hol‘c.en, Nowmber,.‘.ll, 194?
- Ttem 65 Pu,'_e) 1085-1088 Roug,h sketches for Oxo-Dl'mt. Costs of
cons‘r,rucblon. t B : T{nlten, hay Ry 1°¢1~\ -

Teem 66 - Poges:, 1089—1095 The Lurgl Jrocess for couollng the meuhanlza’olon

«-Off "trelbffas“ ond L'lu DrOCUETION. Ol .quU.J.(l produc uh,. - 1’2, 19'12 —

[Ttem 67 !*ages ?DOQ—ZOlO Smmnary of _st'ltus of "Paranol" nrocess a’o
v,»‘-olten. e ;Iolten, \'0V°l”ﬂ>"1' 20, 1944 "

Items 68—71 Paf“és 011—2022 bmrte '1V1ng cost d\.tu for lubrlcatlnu 011,

‘M, 53 mano ns, L.na bymuww bw&»*)roduob»lon»atmholtenw» R




Omo-p&ant , o Holten, December 10, 1944

- Ttem 73 Pages 2025-—20?5 Note on ethylene oxide plant Power Tequlreﬁlents,
October 26, 1944 IEIL

Ttem 74 - Page 2026 Purlllcatlon of L'asoline ‘with ZnClz'.’ "Pfdduct
analysis., - ,

_Ttem 75 Page R027 “Production deta at ;Iolten, 1942-194
Holten, January- 9, 1045 -

Ttem 76 Pages 2028—2037'“Rep0ft on AlCls'polymerization of cracked
"zosoline to lubricating oil. -~ “Holten, Januery 9, 1945

' Ttem 77
idetailse

Pzres ?0.38 2009 3rodu(,‘olon oi‘ r"etnunlzauon natalyst. No
= 5 SR Jenucmy 851945

Ttem 78 Fa ces R040-2045 Report on extent of CO decomposition over
orgomc su]_tur renoval e telyst. . Holten, January 31, 1945

) Item 79 rage 2044 Syntne51s y:Lelds vm steel requirranL,hts for a-
lOO0,000 m?/day synthesis £2s plant, 1Iolten, August 7, 1944‘"——

I’oem 80 Pa g\,s 204 5-2057 Conporlson ‘of cutalvtlr‘ cracklna of g'\s oils
—from.F.T. synthesis and from petrolewm. nc»lten, I\ﬁy 1R, 1943
‘. .

Pag 58 2031’ Gutalytlc crackmg of two gas oils. - 'A"com—-

:_Z)«..I‘lSOI’l of Jroclur'ts is given. - ’{olten, Docembor 11 1944

Ttem 81 Peges 2055-2072 *olymr’rlvatlon of cracked g owsollne to 011 .-
LinTatwo-stage praocess. e ‘ "'I\:orvenber ROy L9 L i e

Item BR—= PagesA..>207.2,::2080.f.._w.fol},mxerizétion of cmcl« ed gasoling in a soven—-
stage pro'cess._' L ‘ ‘ Deccmb°r 19, 194:1 .

Item 83, ’afes 2081—2085 gi‘foct oi‘ 1ron in Al(‘l on ‘the polymcm;atlon

.of cracked gwoolme. December lo 5. 194"#\;:.‘_“,,_ o
I_tem_ 84 Page 20u6 Oc’cune number of gasollne conta:.nlng 1-5 Wate;'f -
Lit’cle f-uf°ct was: ObuCI'Vbd .o September 19, 1944- S

Ttem 85 Pages 2067-2090 La‘)or requlrenen‘ns for oI‘OHB.’GlZ«.'blOI‘l camlyst
T D e e uu]_{-,m" Suyfzﬁ?ﬁﬁvl”‘ 1 Sy 1.94.4.. “

" Ttem 86 P} e P094—2095 Progran for nl’oratlén studies,
A , T M,'LIolten, Se fbhmber 19, 19/Ul
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Figure |- ABSORPTION PIPET FOR PROPANE-BUTANE
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