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'Iie Ethylene-.Lubriéuting\hOil Process
Its Development and Industri&l Application
(Report by Dr. H. Zorn® and ca-.vorxers I, G. Leuna, 1911-3)
Part I of the- present report descri'bes the discovery of a.nd labora’bory
work perta:ning to the ethylene-lubr:.catlng oil synthes:.s. 'L'he exper:.men'bal ;
work underta.ken in the Ammonla Ia.boratory at OPpau in cooperat:.on with Dr. - Ger-

hard Hofmann and Dr. Wolfgang“Haag dur:.ng the perlod of. 193’-!-1937 formed the .

basis for de01d1ng on .Tune 10 1936 upon the construct:.on of" the semi-lndustr:.al

"nlan'b which was. d931gned for the product:.on in’ Leuna of: ’{OO .Tato ubr:.catin" ‘o1l
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p.l - The work on the polymerization of ethylene developed from previous work on

the action of mixtures of gaseous olefins, in the presence of aluninum chloride,
_on. hydrogenated tar oils boiln.ng above 250°, carried out in 'l:he penod of 1927~
‘”1929 m—the 'A.mnwnia Iaboratory at Oppau by Dr. Freese and Dr. Zorn in- 'bhe group
working under Dr. Pa.ngs and Dr, Galle. 'Ih:.s work was based on the dlscovery of

 Allenet (Ger.Pat 402 990) accordlng to whlch gaseous oleflns are read:.ly polym—

erized to l1quid hydrocarbon mlxtures when treated under pressure in the presence

. of a:ohydrous alunnnum chlor:.de suspended 1n pe’croleum ether. Thl"n‘ method was

used by McAfi‘ee (U.S Pat. 1, 608 329) who a'btempted for the flrst ‘b me to produce.

1ubr1cat1ng 011 by pa351ng cracklng gas olef:.ns 1nto petroleum fract:.ons in the

presence oi‘ alum:.num chlorlde. He i’ur uher recommended add:.ng hydrogen" 50, uhe

cracklnv gas -." : v-to oroleng the actlvrby of the alumlnum chlo a sulc khyl-

Ethe oleflns

planu :Ln I.euna Hn 1929.‘



In. 1951 thia work was disoontinuod for reasons of economy.

The converaion of gaseous olefins to lubricating o:lla waa resumed .several
times in 1932-1934. At that time we were engaged in the vapor phase cracking of

paraffin and attempted to convert 1nto llibricating oils the gasecus olefins which

'

were necessarily formed in conJunction with the liquid cracking products. The
’ experiment’B"Were carried out by passing the cracking gases without preasure through

a three-necked glass flask provided with an agitator, and in which anhydrous A1015

was suspended in ligroin. The gas was introduced at an in’temal temperature of + 50°

I Table 1 ;‘  , -

Date ~  Expe. ‘Charge o Duration - Crack. Resids - Increase
1932 No. = Ligroin = AlClsz. ec hrs. ., gas . gas . in wt.
S K. - & L. & C U1k ¢ o1ite

11,16 9 .. 7200 - .. 507 80 w312 0151 14 RS R
11.3 w = 2000 O 70 4 4 -~ 185 . - 94 47
10.28 S ©.800-- . 50 Y50 o4 1 <UE 180 t105 59,
.l 8 200 . - 50 i UiB0Sc 6 LfBis - 150 .- 103" - 6l .
12.21 12 200 . 50 - 40 - v21/4°. 162 - 11B7 . 00059
12,19 110 +200 ¢ B0 .. B0 4 Bfa. 160 T 57
1.1y .8,

200 50 . 70 514 . 156

b : ’i'};e above table shows the quantitles of gaa absorbed. Fdr érémple ,' :Ln E

No. 6 with 150 1it. of cracking gas introduced 195 ]:i:t. of residual gas was
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48 will be seen from Table 2, propylené'ax;d;fbutilenb are the gases chiefly
absorbed from tize olefins contained in the cracking gas. Of the ethylene contain-

.ed in the ¢racking gas, only about 1/3 was cobolymerized.

Table 2

‘Exp. 6: Inlet Gas 5150 Lte) T S Outlet Gas (105 lit.)

coz - o.oo Vol.% L © . 0600 Vo‘l.%
0z . O. 0o. " S . 0.00
co '0.41 '.' T e 0611 _'.'

CgHy 55.50~ " oo T 244300

CzHg 12410 " L BeTe M.
"C4Hg © 4,20 MW - 52,15% S 3,07 o B0.0L%
csﬂlo 0,350 " . 0485 o -
CHy 23,15 " . o 31400
CgHy - 16433 " .. L 24450
“CgHg 367 " - 444225 . 7,30
CgHpg LeOL- Moo 1.8l
»05313_-'_9.06-3'_;;’ o Vel 0.85
' R " Absarbed .

es.aes

a::‘x.-::..: s

GZH4 s 183X Approx. 34% of the 02E4 present

Exp-' T Taken " Gas | ©. M Product
tanbet T OM ; Prod. 170" et l mm

P Ligroin A1013 &




- polymerization of individual pu.ro olefins.

p.5

Polymerization of Propylene

Ye started vrith a study of the polymerizatz.on of propylene since this..

olei‘ln can‘be very eesily obtzu.ned in a pu.re form. It was supplied as a 99%

‘vpure gas in cylinders i‘rom the butadiene plant Lu 286 "I'he work was conducted

as illustrated in the next diagram.

‘The volume of the agltator flask was 2 l:.ters. 'Ihe V2A-meta1 st:.rrer

was 1ntroduced through a mercury seal. 'me speed of asfltation, 700 I‘.p m.,

 was the same in all c}'perlments. ‘I‘he propylene gas was 1ntroduced at the bottom .

of the flask. . "Ihen no other data are glven 1n the subsequent tables the oper-

ol

B T

at:.on v:as ca.rr:.ed out under the followmg concl:.t:.ons
-‘~_.frenxpere‘,b,ure T 60 = 65°c

Rate of Flow | . 3211t/h1

Svent

A1013

: The resultlng




31,4 to 75.0. The favorable effoct of melted'hard paraffin is also ‘of interest.

. As will be seen from experiments 45 a.nd 1’4-2 polymerizates affect the V.I. un-

i'avorably, a fact particularly eviden‘b from a comparison of unused and once used B

hydrogenat:.on products boiling above 2oo°c Exp. 58 a.nd 58 a. A co:@a:cison of ex—

periments 70—73 is also very interesting.: In:this: case pairs of‘ chemlcally pure

Cg and Cio hydrocarbons whlch had the same molecular weights but a different cor
It will be seen that

3

stitution, normal and. :.so-compounds, were used as solvents.

w:.th the dodecanes than W:.‘bh the octanes
\ : J‘ N -

and hlgher w:.th ‘the normal tha.u 1uth 'l:he 1so—hydrocarbons. R

the V.I. of the polymerlzate 1s bet'ber

b Tabie_..)jii *‘

.-“,fV:. sco s:Ltly :LnE

No.,
= -‘:ngron.n
U6 - Kerosene
el : -’Pe'b ‘ether ' . :
hg o Light naphtha 'I\Tormalbenzn.n' :
=y < Nitrobenzene [l
=12 g.chloroben.zene s
e ’___ydrog'd paraffln cracklng prod
ol - .b.60 - 130°¢
#5 : b0111ng)200°

Hard paraffln, map. 52 LT

L Cracked hydrog'd pa:caff:.n
S crack:.ng ‘prod. )200

,o_ ymer:.zate of No.

‘Hydrong ~ araffln cra k 3
Solvent d:.stn.lled from__,:58 ;
s R Rt
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The reasons for these experimental resulte must be sought in a copolymer-
izgtion of.the solvent. A.ccording to the work of Ipatieff*, a so-called',"con-'-.
junctive“ polymerization takes place between paraffins and olefins in the
presence of AlCls. " The iso-parafrin hydrocarbons, in this case react more .
easily than the. n-compounds. In accordance W:Ltb\he work of Dr. Nienburg and
Dr. ‘Zorn (Lab Report 15'70 from the Oppau .Annnon.Laboratory) the V.I. of a hydro-
carbon of a given molecular weight is- higher, the less the hydrocarbon molecule
is branched- for hranched molecules the v.l. 1s higher ’ _the longer the side '
chains.‘ For this reason the V.I. increases in the above order of solvents fromjv

pet. ether to-a hydrogenatlon product bo:.llng above 200°, and from n-octane t'

n-dodecane, and decreases on transitlon from n—hydrocarbon to 1-hydrocarbon slnce

RN

inethat case branchlna of the C-chain of ‘the polymer:.zate 1s 1ncreased likew:.se,'

1t decreases when polymerlzates (Exp 142) and repeatedly used solvents (58 and

b) are used since these conta:.n branched hydrocarbons. The rnfluenc\e of t

i‘ollow:.ng»lactors on the quality of the resulting propylene polymsrlzates w:Lll'

. also be shown° the rate of gas flow the quantlty of AlClg, the amount of solvent

and the temperature. All expermentsrwere carr:.ed out in the same solvent wh' h

was a fraction of a hydrogenated paraff n_ cracking product boilmv above 125° B

: that had alr .ady been used once 1n prevmous e,xper:.ments and recovered by: i‘ractlo =

At

1'70 / _‘mm) is not‘



Effect of -
Table 5a; Change .in the Rate of Gas I‘low

Exp. Solvent Temp, AlCly Amt. of Amt, of Viscosity in E°
No,  cc °c g, Gas - Polymerizate 380 99 ~V.I.
: Th e Lit./hr. in 6. hrs. ..

b 300 0 65 0 . 16 Mo . 3™.8 2,52 645

Eﬁ i BT w32 . 320 - 28,20 2,32 65.2
1 1 ¥ 50 : 35 30,2 | 2037 62,6

01 o " 150 - 1250 . - 3l.3 0 245 69.6

- . Effect of ’ ' e
. Table 5'b, Ch_a.uc,e in the-vQ,ua.n'tity of- AlClB , o

N

Exp. Solvent Temp, AldlB‘vi Amb; of " Amt, of _Vi'scosity in E0
‘No.o ee . °¢ g Gas _Polymerizate =~ 38> . 99 V.I.
e e T . Iit,/hr.’ in.6 hrs, o [N SR SO A

Temp
et

b, - Solvent




Effect of

_ Teble 54; Change in Temperature

Exp. No. Solvent  Temp. . Alcls, Amt. of ] _Amt. of - Viecceig' ;g ® :
cc \ o¢c . ‘g .+ Gas Polymerizete "38° - 99 "Vele
' : Lo o Lit./hr, 4n 6 hrs. NI o '

75 300. . 20 30 ;B2 . B37 ST w1743 .72
74 Nl 38 " cmL 328 o0 612 QX756 . 65
76 n o 50 n " CBYE . 70180 5,394l
86 w_ .. 680 n L] ;B350 . Ton 126 14437 4748
77 . go e " .. 329 Son il 316, B6#7
78 "o sp @ " " . 7 206 4;4._6 B e56 . 5648
79 -on 90 n mohe 228 L0 BRe9 17 2.24 .. 2840
e 1/2 hre 5 1/2 hr. B L SR D Sy
91 . w400 30 O s - <) § D280 U 6.881. 146
n

4 o Moo o000 LLBOS 186 T 49,5 12468 . 36,3

- . o . S e

This table ahows that the V.I. decreaees with increasing temperature and that :

the oile simultaneously become leee viscoue. With increasing temperature the

-

‘ quantity of po]ymerizate produced per unit of __,time als[o decrease

- 0o eequently', the temperature ‘ tor which definitely

. th i}only signifi‘ ,ant

ization procees,

catalyet. . 3,

Table 6. ehowe experimental .resulte indicating the effect of additives n . he

4
i

‘.AlC:\5 catalyst it The eame solvent (‘.300 tcc) wae ueed ‘as in the previoue e;perimente.

_‘l‘he .rate of flow wae 52 lit /hr

part i'ctilarly n"favorable.: L

i:"Among the additives listed there viewnone that has any

:‘veffect. Some of them such g:1- 1 chlg, particularly at higher temperaturee,

\

f\SiCLL, T1014 Py Fecls, FeS anﬂ. Toneil AG have a definitely harmi‘ul effect.

. In connection with theee experimenta the *effectr oftwater on the catalytic

action of TA1C1z wae aleo inveetigated“ The reeults are given in 'I'able 7.

- Y



‘Table 6

i

Exp. A4lClz Type of Additive ‘ Amt, Temp. Polymerizate Viscosity, z°
No. 8 ' o . 8 ) OC_ Amt.: in 6 hrs. 38 99 Vel

K .

(=3

40 303 810 14.5 71
S ) L 40 311 . 263 .. 7.3l 65
woe 15 60 . 253 101 = 3,43 12,6
Nacly. - S, 10 -40. 330 . - . 202 . 6,43 .66
Nacr UL 80l 40 TBg7lv . 248 T 6-94,*-.65,: 4
C 810l “ 1.5 €0 279 ©. 98, Bl
TiC1y SRR 1.5. ‘80 — 259 -
1 - 268 .
g
. 201
o1
204
~187° .
328"

Anhydrous ZnCly 6
" " P

..

e g

Anhydrous FeGl;; e

: - I:con Powder

| ®Tonail® AC. (Active elay)
l\lercury" : ,

b
()
Sza3 3333 23233334

. ‘,:_Pbiymgrizafev' ViaCOsit:E P ot ’
cg . 8807990 L

standing the -
oilg: from these
i polymerizates

.5} became : clout?qr,
4 due’to a pre= -
{ccipitateiof a )
substance of
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pqumerizatos was brought about by the addition of water.

The effect of an addition of water is also evident in operations carried’

_ out_“under pressure.

........

- -

| Exp. _autoclave ‘upoimt and . A1Cl; Temp. Press. Yield Viscosity 0f Poly-

Type " Nature of . - & . °C atm. . cc¢ . merizate 170°/1 mm Hg
Solvent cc. R - o e P o i
B : - e . 99 - V.I,‘:

T 4a46 . 3347
4481 31.0
6466 .50 :

] -,',}5:52 B0
M2 60

.5;25,.- ‘36
; : 70 .. 8L . - .;.257 25
. 1000 Unused . 1 70 - :18.. j 2,:52 48 -

‘3.5 l.Iron 1ooo'

“"."

\ E

}@eiigat}on. Juat as :ln v'bhe xperiments carried out without preasure




Re1l

'Tab:ueb

Exp. 1_3 ’l‘ype of Amount of 'I'ime in Amount of ‘ T'T'isvé'oslifxv ‘E° ‘

" No. . ‘ Additive - Additive . hrs.. Polymerizate 38° 99° . V.l
- . o & i ’ : P ‘«.4‘ ) .
82 30 Stearic acid 3 6 315 303 7.40 55
95 .30 . Methanol -2 6 . 260 . 85,3 8,43 40.4
107 30 Butamol. _ - (8 6 75 2644 2.06  24.8
..118. 30 ~ Conc,. HCL Va8 o321 102 Be76 - 37.1.
162 30 HCl gas introduced 5'1/4 - 237 - 98,8  3.68. - 44,9
156 - 30 - n-Butylchloride “ = S T - o /3,32 3549
. 153 30 Ethyl acetatbe 2 .5 e . . B7.5 3,56 7 4346
-154 . 30 . Acetaldehyde. . .. & - 156, 119, 7 4,04 . 36.4 -
- T e }189 ..’,.'.1_17 '4;‘l1, 42,8

159 - 50'7' c sz

It can be -seen that the polymerizatmn nrocess cf propylene 1s, on' thé wnhoie,"

«little mfluenced by these add:.tions : ‘I'her po]ymerlzatlon 1s only affected after




p.12——  Let us_compare Exp. No. 18 with 98, for example. In this experiment the
propylene polyderizate: from nxp. ‘No. 18 was subsequently. treated with liquid
olefins and the V.I. increased thereby from 45.8 to 48. In Exp. 103 and 104 the
procedure was reversed. - In this -case-the olefins were. rirst prepolymerized ‘and -
‘the propylene then introduced, the liquid olefins in No. 104 being prepolymerized

: :I.na scrlvent and in No. 103 polymerizedfithout solvent. In the latter case a:
more viscous oil is obtained w:Lth a lower V. I. ,than in the former cases” e
A comparison ‘of- the results of' Exp “100, 105, lOB teaches ‘that it is ime
material whether the Jiquid olefins are prepolymer ized or added to the p® pylene .
polymerizate, or: introduced as a gas with the propylene and then polymerized to- .

' Va V.I. of about % is obtained. In all these experiments ,

gether._ In all cas

the weight ra £ 1iquid olefins to propylene is 1% 5- in Exp. No. 99, carried

out under the same conditions as Exp No."los the ratio is l 4- in this case the

‘V‘.I. dropped to '72._ S ,',

T Mol.wt. Coke Flash




'.l'he diri‘erence in tho properties or the polymerizates ot straight chain
olerins with a terminal- double bond rrom ‘those oi‘ the iso-compounds is apparent.
The former give products with a positive V. I. which increases with lengthening

carbon chain. They also have the highest mol. wts. and flash points.an?duthe lowest

speciﬁc gravities and coke numbers. /3- and isobutylene behave inversely . , ,
P.13 RR -’.l'he behavior of the propylene polymerizates toward Oppanol is also of in- .
terest. 'I'he latter product is very soluble in these polymerizatee.' The resulting
solution has the same V.I. as the original oil but the viscosity is.higher, as may )

be seen from the following data-' ’7 o

: : B 33":_:‘:“‘ Dl s YO‘I°
'Propylene polymerizate without: additive 1B . 88.8
T 48.5 88.0

PrOpylene polymerizate + l% Oppanol )

‘; It s probable that Oppanol is dissolved melecularly and not colloidally in -
.ithe 0556 polymerize.te which has & similar constitution. : Lo
~psl3a Bol_!xyrizatg_.on\ of Etl_axlene R '

The first one:. to catalytically convert thylene into a liquid viscous oil was ‘

—_

: H‘e rel 1 ons between constitut:lon of ths’ olefins,
enoy “the" properties of" their: polymerizates is contained
: 543 ¥y Drs: -Haag: and Dr. Zorn® of the Oppau Amm Laboratory.

R P



S p.13b

. Two years later (3) he notviced'vthet polymeri'ze'"aion begins at zso°c in the preeenoe '

of anhydrous zinc chloride, and at 180° in the presence of enhydroue aluminum
chloride, He obtained a mixture conaisting of oleﬁnic naphthenic and parartinic
hydrocarbons. The formation of a similar hydrocarbon mixture wae observed by

De Montmollin (4) in the dehydration of ethyl aloohol in the presence of phosphoric
ecid as catalyst. Concentra’ced sulfuric e.cid to vhich cupric oxide or mercuric

sulfate ‘has been added is suitable for the polymerization of ethylene to liquld

‘hydrocarbon mixtures, according to Damiene (5). Not only ZnClz, AJ.CJ.S, HzPO, and

H2804 were ueed as catalysts but Dr. Hofﬁnann and Otto (6) showed that boron

fluorlde particularly in the presence of nickel, :I.e a polynerization catalyst for

@

ethylene.. I'b ie alao of interest that azomethane is capable o:l‘ 1n1tiat1ng the

_polymerizatlon or ethylene at 360 as was shown by Rlce and Slckmann (7).- A com-

prehensive review of the 1i‘terature has been made ,by D'r. Hauber and Drl Hagen in

AyOppe.u (8) wh:.ch includee thoee investigatlons pertaming to the product:.on of

vsynthetic polymerize.tas from ethylene.

The problem oi‘ ma.nufacturing‘lubricatlng oils by the polymer:.zetion of ethyl—

hE ',ene was taken up for the firet t:.me by A. W. Nash and co-workere (Jour. Inst Pet.

Techn. vol. 16 830-69 (1950), _Petrol. Times 24 799 No. 618 (1950)) in 1929- and

(4) Bull. , soo

- {5):.Balls: 50 M. 192'.3uvol. 53, D 7L

~ (&) Ger. Pat. 505,265 and 512,959 :
(7). Joux.. Am,.Chem. Socs:.57, 1384 (1955')
‘-(_8),.Report 37 0£:5/1/39: - :

s M 4/20/40

= 15im,



'.[’he 01l A ie the po]ymerizate whioh ie combined Iith the Alcls, and the

o1l B the product obtained by decompoeing the .L‘l.Cla hydrocarbonu sludge.

' “Table 12
A B
Spec, Grav. - 0.8332 ' '0.8636
mp . 1.4622 1,4863 .
Mol, Wte - ' 364 - 380 "
g.H/100 g.C 17.04 15,58
Visc, 389 13,8 E° 34,5 E°
om 999 1,55 1,79
Vo Lo 0 L1046 =194
' Iodine No. . T .88 7
Table 12 ehows the prOpertiee of the fractions of theee oils boiling at
’ zzs.zso c at 1oo ifm ng. : _*f‘~; L f, o fﬁwr ’__;"ftf

These figures distinctl;v show the characteri etic differences between these
two oils. The Oil B obtained by decomposing the AlCls sludge with water is char-
acterized by a lpw I:I content and e much poorer V. I, than the Oil A . It is inter-

B
’ ils have th" -same average‘mol. Wt. ‘Oil B. was ‘much darker

esting to note t"t bot

.14

these ethylene polymerizates are formed, the authors hake the i‘ollowingeteteme_nt :

S T



they assume that higher olefins (Czﬁ4)n ere first'formed from the CpHy. These
olefins are then isomerized to cycloparafffins by means of the Alcla. According
to thermo—dynamic investigations of rE‘rancis “and Kleinschmidt this ring closure
to cycloparai‘fins is thermodynamically possible at all temperatures "below 400 .

"'The cyclOparaffin molecule is saturated and, therefore, no longer capable of

:form;i.n0 a solid molecular compound with AlClg. It hecoms 8 constituent of Oil

Ao

s

The 1iberated AlC]5 molecule ¢an then’ combine w:.th a new 02H4 molecule, '
convert it into a. higher olei'in, and then egain transform this olefin into a

cycloparaffln. Finally, tne AlCL- can ‘also. react with hydrocarbon molecules

_bonded' to it as a complex (e.g. the higher olefins) , by splittin;, off a paraffin

»hydrocarbon \'uth s:.mnltaneous format:.on of a multi-nuclear aromatic hydrocarbon. :

In. this manner are formed the hydrogen-poor unsaturated hydrocarbons of Oil B
which being very tiehtly bound to AlCls, rapidly reduce the activity of the cataljst
|

‘I‘he i‘indings of A. W. Nash and. co-worlcers were coni‘irmed 1n 1955 by Watermann

” 'and Tulleners (Chimie et Industrie .Tune, 1935“ Specie.l Number p. 496—505). These

thylexe prepared from alcohol.v

3 authors experimented in an: 1ron autoclave and u

f ‘I‘hey cbtained almost tne same \re F, ults as A. W. Nash and his co-workers. They also
certained the characteristic differences of the two types of 011, A and B

jand confirmed the fact that beside the simple polymerization of ethylene, isomer-‘

ization, hydrogenation and c}ehydrOgenat:Lon processes simnlte.neously take place. g

"‘The V I. of their h:.ghest bo:.ling products xva:m.es betwe

’values are conseque' 'ly somewhat betterw han those oi’ Nash and C

"’were’ all below -lOO

; value 2 even once. ThlS result made us belleve that througn a more careful

study of this AlClg-catalyzed ethylene| polymer}zatlon 1t might be possible to in-

-l 17 .
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-,

crease the V.I. still mrther. We were rominded of the admonition 80~ oi‘ten ex—

pressed by A. Mittasch. "In catalytic processes, use only the most chemically

pure materials"' So on September 26, . 1934 we started preliminary experiments on

We used an ethylene-_eupplied from

p 15 the catalytic polymerizat:.on of pu\re ethvlene.
'In the .

. Holten which,_,on the basis of its gas analysia.and odor,’ wa_.s'really‘ pure.
cmrse of our mrk'“the odor'test vjvae“:f;cdnd. to t»e_,th\e ‘safest means o:_e!aluating; E

the usefulness o;f.‘ tlB ethylene. S .1’ :‘A L

‘ -c-xperment A.P. l. jSee attached diegram)

A 5 llter VgA autoclave w1th & ‘VZA. ag:.tator was eherged w:Lth 2 11ters of a

_prev:.ously hydrogenated cracked paraffln (i‘ract:.on 225—3050) and 500» of powdered

A1013 added. - Ethylene from a- storage' cylmder A was: passed ythrough a paraffln

ve ssel B and

't 't‘on. The 'ylnternal temperature thereb ‘rose from:24 to 3809




‘p;le

) a plentifnl supply of gas. ‘ A total of 2540 cc

: vent and 518’3. ot residue were obtained '

0f) . From Liquid Prod. From 4201 -Fostdne

SPo Gr., + 200‘ >‘ 0.844 : ' 00887 ,
38 16,95 .. . . .. | 30,90
Coke No. . '- 0,01 o 0.89

-Mol, wte . L, ] ‘ __\557». S e, - .. 508

A’.?. A third operation was performed with only 200 g of Alcl3 In order to accel—-

erate the abaorption of ethylene by applying higher temperattn'ea, the autoclave
was then supplied with a steam co:ll. While 45 mimtes were required to absorb 20

liters of ethylene at an internal temperature of 40 the time could be reduced to

15 minutes by increaaing the internal temperature to 70 .. At 70 the preesure in

,the autoclave'dropped from 58 to 30 atm.; 'and' remained et this figure in spite of ’

"'of liquid products including sol-

; Fro ‘the 1iquid portion 496 g. of oil

’was obtained on vacuum dietillation, :of 216 E and a';V.I. of 78.8 (Brit. Oxid.

froma speuée': =




Plv s

An experiment with specially dried- pet. ether as solvent gave the same
result. The oils boiling above 170° obtained in very poor yield hed viseosities
of 2 and 2.5 E%g and viscosity indices of -17.6 and -70.4.°

An inspection of ‘the ethylene cylinder discloeed a considerable quantity of.

liquid products' ethyl alcohol, ecetaldehyde and ethyl acetate* several cylinders

of this shipment contained the same impurities. R .

" In order to eliminate these impurities from the gas, various gas washing.-
processes were investigated. The best purification was o‘ntained with a simple
alkaline ‘wash- under pressure. In order to: prevent future eonteminations in the
gas supply due to: unclean cylinders, an alkali wash tower with Raschig rings was
installed between the: ethylene cylinder and the autoclave, connecfed through e

stripper with a CaClg drying tOWer. - Although analysis could show no impurities

1 ',_'about 40, . The. high

-in the washed gas, polymerizatee were obtained with V.I

values of about 80-90 could not be reproduced with this purified ethylene pro-~ i -

duced from alcohel.




Table 13

Type of Gas~~  Quantity | Yield ,( E°99 ' V.I.
. Y- _Added ‘ in 11it, i
% vol.
CoH, . 4,00 - 702 - - .88,8
co . ¥ - 0.14 ) 3.5 . 3.67 : 69.0
’CO’ — - 1-0 . 2.8 ) R - 2404 ' \ 38.4
co 2.1 0 2.2 2,18 . 22.4
co. _ 10.0 . L= 2,00 1.75 -10.5
H,S o ¢ 003 -..no'reaction. - . - L e
COp PR 0.1 ‘ : week reaction ..
Cop v 2 ' no reaction
C0g " . B0 m n

HR

‘ 's.‘fter ‘the' effect of impurities in the ‘ethyl‘ene had been‘ recognized and gas
-washing had been adopted a better V.I. .. was’ obtained but variations often occurred.
The reproducibility of the experiments was unsatisfactory. 'I'he aluminum chloride
was then thoroughly investigated." By using various samples of A1015 it wes found
as shown in Tables 14 and 15 that a direct reJ(etion existed between yield and 011

quality and the iron and residue contents of the aluminum chloride. 7
. The figurels in Te.ble 14 show that as the content of anhydrous Fe013 increases g

the -V.I. decreases and on. comparing e er:unents made at the same temperature ’ such B

as Nos. 164 149 154 and 176 it will_-bersee_ hat the oils become less viscous

'AEnd the yield decreasee With increasing content of J.ron chlor:.de. . Table —15 shows-l

In order to dete

catalytic effect. 3

the iron-containing chloride with :

_crease__s with an increasing residue ontent and that at the same time the v I. drops,

although .more ’ slowly

¥ o Unsublimable residae in Alcls. was: determined by quickly weighing abcut 2=3 g

of. the AlC in apreviousl& weighed porcelain boat. -The" boat’ was: then placed in a.
glass tube’ hew 3

-, The: boat: was then taken out and weighed after cooling in ‘a Pgos desiccator o
; then heated once or twice for one. hour at-zso° to constant weight. R

These experiments Were made in‘ autoclave of VpA steel he.ving a capac:l:ty of

- 45 Mters: (see—.Table 15).

o 23.-'IF_ '



p.18 ~ Table 14

- . i :
% Exp.. =~ T . 5 1it. VA - Product 170° in vacuo
Fe - . No. ‘ oS¢ Autoclave L TEggT VeI,
' ' Yield ing . . - - -

0.04 - -185, . 120 . B850. . . . 5.87 92,0 7
o o - 174 110 3200 . - 4,88 77 92.0

B 73 00 - 3270 ° 7.21 . 94,0

. L ' . 3700 . 6.89 . 94,0
0,17, R 172 -110 . - 3700 2,99 . . 6L.9
" ‘ 0 . 100 - 3900 BB T e
v e 90 VB0 - 5423 0 TAO

“i.200 o o138 S 100 0 BP0 o eBa7
B - N 00 38500 . 285 . ¢ 640




P20 Table 16

Various Iﬂaterials Added to the AlClr.-,

The tests were made in a b liter VgA autoclave with 2 liters of pure pet. ethsr and
: 125 g of A1015 (iron free) t ,

Exp. Adaitive . Temp. Tie1d. 7 Iube 041 .
Ho. o ' _90 o . ec B9 T Vel

282 . mee 1200 4,20 . 5.6 .. 86,0
S TS o 1z 0 T400 0 e 4,47 88,0
295 - :I- T e T B0 e B8O . B.96 o 1 8Bed

28,5
- 7De0
BB
SRIRAY -3 T
S v805Q1i
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7. inechluss an diese Versuchsreihe wurde dann das Verhalten oines So-ondo:nv
interessanten Preduktes studiert: das Aluminiumchlorid-Aluminiumtrimethyl Aicl,-u
!CY3\g. Ts ist eine beoi 48° schmelzende Substans, die sich an dex Luft_sofort ent-

"det’ mit Wasser und Alkohol eofort explosionsartig reagiert aber in C 014 und
in ﬁcsattigten Kohlenwasserstoffen gut 18slich ist. Sie wird dargeatellt nach
¢inem Verfaliren von I.G. HSchst: P.Anm. I 45 291 IVa/120 vom 9.9.32 und I 49015
*"/130 vom 14.2.34 durch (berleiten von CK501 dber mit Jod oder Hg angeatstem ak-
v-v:.erten Al—Gner oder Al-Spb.ne. Wir stellten es in folgender Wezse dar




ias prepared by-a process developed by. the I, G, in Bgohet' Pat, appl. I 45 201 Iva/
120 of 9.91932 and I 49015 IV/lzo of 2,14.34 by passing CHscl over granular 4l or
Al ehavinge activated with iodine or Hg. We prepared it as followe'

A quartz tube with fueed-on receiver (eee Figure l) is charged with Al
ehavinge activated with iodine.. A slow current of methyl chloride is paeeed through
the tube while the ehavinge are heated at one spot in order to initiate the reaction.
The reaction often required eeveral hours to etart but by, introducing HCl gas the

. I3
i 'time can be shortened. Once the reaction hee started it muet be modified to de-

crease its violence. e e

Dependins on the flow of gas and the resulting reaction temperature, _two SR

vproducte were formed .8 1iquid product, et low temperature‘ ‘_a solid at higher temp-‘

Both were ueuelly colored hrown due to impuritiee in the Al, e

'eratures.

jreect ion.

An attempt we.s ther

Al-methyl chlorid ‘was introduced to ‘a heigh,}

'ehavinge in the tube which fwas heated‘to-«about 80-900 and methyl chloride elowly

“Longer ignite so Teadily.’



idition of Alkyl" to the Solvent
. ; 5 liter VQA autoclave ,
Aftef charging 2 1iters of pet. ether and 125 g of AlClﬁ, the

Alkyl" was introduced 1n a current of nitrogen.

A\

S U mmeon




307 with Exp. 324, 321l. larger amounts of"Alkyl", however, ~preduce 1o intprouemmt;

.The liquid 'oompound Al(CHs)s.Alc% reacts weakly, as may Be seen ﬁ'om Ezp' 355,

In the liquid oompound Al(cﬂs)s.alcls the two rrec valence electrons of the aluminum
—chloride which give rise to its catalytic activity, are. saturated or bound ‘to—the |
'molecule Al(CHg)s which also hds two free valence electrons. . In the product
Al(CH5)3.2A1013 we probably have a solution of A1013 in Al(GHs)s.Al(us since this

product is catalyticallyr active.

Of more interest than the A.UqI’ experiments were those in wh:.ch powdered AJ.
was added. They were carried out in connection with experiments which had been
made in en autoclave lined with aluminum., 'I'hese experiments had yielded cloudy o:.ls R
: a.nd this cloudiness was caused by precipitated paraffin. The operation was now con—y"

ducted in such a: manner that to 1-20 g of A‘L bronze was added the usual: charge of

2 liters of pet. ether and 125 g of AlCls, in the 5 liter VzA autoclave.‘vk, It was _
found that with increasmg Al the amount of polymerizate formed decreas‘ T ‘Wlth an S
A

additlon of 20 g of .Al bronz' ';'o 125 g of .AJ.GlB',‘ about 1 kg of polymeriza'lr was

obtai' "d whlch ,in add:l.tion ‘o'




as big was filled in Bed hours on the average.

Ve
‘Table 18
2.9 Liter Iron’ Autoclave ‘
' Pe24 -1000 cc of pet. ether + 100 8: of AlCls. Duration 18 hdurs._
Exp. No. PR A : "t ... Crude prod. - ‘ —Product l‘70° in vacuo -
°c S T L Yo — V. I. .

R Egg
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or tho polymerizate causing the V.I. to drop.' This fact prompted us to ecarry
out olur tests 1n autoclaves’ in which the mterial, 1n contrast to Vold c contained
no nickel, but chromium as the’ most important conatituent. Materials of this

type are N, Ne, and Ng stesls, Their composition is as rollows-"

SR Ny Mg Ng VA
G - 0. . 0.3 - 04
Cr . 0 B0 . 60 . 3.0 - .. 18
CUNi < s - e . - - N ‘8
] 35 0.5 .

Mov;._‘,;i,v,_o.sv s 0.




Table 2la Table 21

Hydrogen Methane
5 1it. VeA autoclave 5 lit. Vgd autoclave

vol.% - Exp. .Yield  Lube "0il " yolo% "Exp. Yield - Iube 0il
Hp No.. . .lit. OFon Vel ©Hy . No. | libe . Ogeo  V.I..
4P 799 S Ap. L otee T

: 1 859 4.40 81,0
o ' Bz2 4,00 71,6
2 |

2.8 - 5338 - 4.07 8.46  91.0... 3,15
3.58 -
- 287 3,00 - 2,28 7046
2,32
3,13
2.30

7.5 298  3.80  6.45 80,0 " B ‘
10, B304 . B.70 2,78 66,9 . . . :1L7 . 290 52,70
c8.20 340 2.80 2,07 36,5 - 14,0 0 357- . 2,10

. BBed
57,7
43

L

ea,d50. .. 379 . ... MO reaction . 20,0 3063 2,30 .
T RN A R

Table 2lc .

0 Nitrogem
e 51it. Vghoautoclaves .
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the variation in the partial pressure of the 0234 resulting from the variation in the

It will be seen that the V.I. decreases for all four gases with decreasing.
ethylene concentration and that the viscosity of the polymerizates is 1ower with
simultaneously decreesinsr yields. -Tebles 21 d and e show. the results obtained when -—
CoH, concentration, is taken 1nto account by increasing the total pressure. For an

GzH4 concentration it 15 possiole to :\.mprove the V.I. by increas:.ng the pressure. '

We may compare Exp. No. 557 ‘with 536 and 535& in Table 21d. For a 70/0 02H4 concen-

e

tratlon an imprcrvement 1n V.I. and y:.eld 1s nc longer o‘btainable by inc easmg the

3

""pressure. The yield 1n polymeriza'be m both cases is” lower than vu.th the 95”,0 gas

"and is not 1nfluenced by an mcreaee in the partlal pressu.re of ‘bhe 02H4__. The ex— ‘

rers. conflmed by tests made in-a 45

ergents made in the 5 liter VzA. au'hoclave Y

‘ lrber VzA. autoclave.c/(see Table Zle) ‘I'he charge in. each exoerlment was 11.9 kg

of solvent (pet. ether) and 1 4 kg of Alclg,f ‘



,,iesa viscous with increasing temperature; as mentioned on page 9. The experiments

with a hydrogenated cracked paraffin in Table 23 show the same. behavior.

Table 22

. V_a_rxing Amounts of4§g]_.ygxt
- The- experiments weremade: in a-5 -1ite VzA antoclave. The‘ charges .
. were made up with ‘the quantities of pet.’ ether stated and 125 g of
; Alc.'lﬁ from the same shipment. . The ethylene hed. to be- t_akenﬂfrom —
. different shipments.’ o '

S Eaps” T - Crude-prods . - Erols 0. 170 in vaewo . -




Ped3

liquid formA Ainorder to facil:.tate its, introductlon 1nto the autoclave.

ln the Table 23 the action of different solvents and additives. to the

solvents is shown. The experiments were again carried out in a 5 11it. VzA auto-

clave with 125 g of Alcls, with the exception of Exp. No. 142 in which an. iron

autoclave was uaed with only lOO g of Alcls.
They conﬁrm the obeervation prev:.ously '

'I'he experiments made with ieo-octane :

and ieo-dodecane are of special 1nterest.
made with propylene that i-dodecane givee a polymerizate having a higher V I. than
the one obtained with 1—octane.. In contrast to the experiments with f:ropylene, ’
the high viacosity of the ethylene polymerizate obtained with 1-dodecane 1s striking,}

& N
In Experiment No. 142 carried out with iso-octane in an: iron autoclave, the

yield and V.I. demonetrate the unfavorable catalytic action of iron.

In Experiments Nos, 585 586 389a and 590 which were made with pet . ether

to whleh varying amounts of liquld oleflns, e. cracked paraffin boillng from 20

to 260°:: it can be seen that the latter, ‘whlch when polymerized alone, yield lub-

For thls



Table 23
P32 —_—

Exp. Type of golvent " Amt. of Temp. Yield  Viscosities .
"Noe . : s0lvent _ ‘ : Prod. 170° L mm Heg
. . ce —« | = . ' 0399 o v. I.‘

411 'Pet. ether 2000 .. 80° 4.30 6.69 '91.0
400 Hydgd. cracked parafrin o A .
20 - 180° 2000 . 809 4,256 - 8,52 = 92.0
' 180 - zso° 2000 - 80° . 4.60 7.90 . 92,0
: 2000 100° - 4,45 13.9 102
2000  110°. 3,9 115 . es—
<2000 1200 - al? U1l 7 102
2000 130°° - 4,2 . 5.1 . 82
- 2000 140° . 41 5.0 67

‘:397
190
ST+

201
206 -

3 33.3.33
3:3.3.3.3.3
-3.3:3-3°3
2.3:3.3

144 TIso-octame . .. . .2000. 9027 | 3,9 245 R 64
A4z moomo T S 1000 909 T le2 T Ll.97 10)Fe-Auto~
-153 Mmoo T 20000 809 L o Be5T S g.53. . - 64.clave -
170 . Iso-dodecame - . . . 20000 1200 4,7 12,9 . - . 102 .-

e T S 4,5

L 3000 - 120° 45 sl 10k

585 "-f*;~1195°*5° 300
;‘586 o 1900+100° 80°

594 ) Pet. ‘gther#

5 *v In these experi_ments the AJ.Cls was
carbon addition product by retreatmen with iquid ‘olefins or propylene. G




. contiuof';edj at"8o°v.' " When the temﬁératm;e'i'é inereased to Izp°~; ‘the Oppanol unfavor--

ably ‘influences the quality of fvﬁe resulting ethylens polymerizate, as may be seen

from the results of Ezp 312. At higher,:t‘empexmtures the iso-butylene polymefizate
e de T s e . v Lok ’ .

: 15 attacked by Alcl5.

415

415a
415
415¢

. e N - .
125 g AlClz + 2 1it. ——t. -0 .. Lube O:I.l
: solvent” . "l Elgg “Vel.
¥ Crude prod. from Exp. 10 o B 19640
moom g 3";4.40 9340 -
LIRS Tn.'fe,-,415 S 4a600 99,0 .
Mmoo mom 4 4,650 ©103.0 -
e oM woiash 2100.0°
n B .
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and . constant and 'th'at the‘ vi.~ remained constant, although the oils became increae-'
ingly viecoue. Up to Exp. 415 ¢ the viecosity also remained constant.

. After the important factors governing the polymerizetion of ethvlene had
been eetablished by experiments in the 5 1lit. autoclave, a Vol autoclave of 45 lit.
“éapacity wae constructed and put-in operation. VoA was selected becauee N6 plate
was not available at theftime. Its conetruction can be seen i‘rom the attached
‘drawing. It will be. seen that the gae can be- eupplied from above into. the vapor '
‘space .as well as: from the bottom into the oil. -In addition a special valve (AV)
ie inetalled in- the bottom fle.nge. This conical-'valve-'is provided outwardly with
a stuffing box and is intended to prevent eolid or-: liquid AlGl:5 addition compound :
from entering the product outlet line and the attached high pressure valve. Th_is, -
conltruction hae aleo been fou.nd suitable for the large eutoclavee.’ : ‘

The autoclave was 1n1tially provided m.th a_ simple paddl;_a&itator operating
at about .’500 r.p.m. : The charge oi’ the autoclave :t‘or each e:p er:l.ment cons:.sted of
1.4 kg of AlGl;; and 11-12 kg of solvent. 'I'he autoclave wae then heated to about
40°C and ethylene forced in at a pressure of; 40 atm.,‘ after which it was heated o -

p.55 ‘ahout 70-80°C. IA.n exothermic reeetion then sterted and the temperattre rose to

150-180°C. Upon reaching the maximum'temperaturv the pressure dropped to 20 atm.

By cooling with water a‘t 70-80°G,f (colder water is harmful ei.nce it may terminate .




We thought that this- incomplete reaction might be due to insu:rrioient agi-
tation. Apparently, the paddle agitator was incapable of stirring up the relatively
very heavy aluminum chloride. Dr. Buche, I.udwigehafen, called our attention to the
Hoesch agitator. Model tests were made with' the assistance of Dr. Buche ‘in a glass
apparatus simulating the autoclave., ‘ Taking for a model a mixture of sand and water,
it.was found that- for equal speeds the Hoesch agitator had an uncomparably better

effect than a paddle agitator. We then built into our 45 1it. autoclave a Hoeseh
agitstor made of VgA having a fom and dimensions baaed on the model tests made by
Dr. Buche. ’J.'he result was that the autoclave could be completely ﬁ.lled in abcut

4-5 hours, the total contents amounting to- 51—53 kg. A matter of great significance

is the dependence o:t‘ the time of reaction on the speed oi‘ the Hoe:ch agitator, as is

shown “in’ the following Table 25. e




Table 26

‘ Influence of the Amount of .uc;g,
45 liter VaA. Autoclave )
013 - Exp. Yield Lube 011 % A101z, referred
used B 'NO.. o - _ °E99 VoL to finished oil
800" 86 . 50,0 . 4081 .88 . 5.0

1000 . '35, . . . - B0s5 5.90 95 = 6.3

1400 BRI 7 v - 3340 .47 -~ .107 . T 860
1600 - 38 : 32.0 - Be60 - 104 - . 046"

2000 . 50 ~3.3‘.6 S _5_.‘33; Lo lee 11.
Table 26 shows that the optimum milount is 1400 g (=8% of the finished product).

To use more is of no advantage since no increase\ h{ yield is obtained the autoclave

er ‘is here any improvement in the .

; quality. : When less than 1400 g is ueed the yield drope and the quality o‘f,the ‘

polymerizate is poorer. I.n this and in the followin', :r:periments an val

i.was used having th'.‘ 01
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lp.38

3 '_ after about 4 hours the maxinmm V.I. has been reached. o After thie the polymerizate “

The diagram 28 shows a polymerization in _the 45 1it,. sz. autoclave. In order

better to follow the process the gas velocity was reduced somswhat so that the

‘experiment lasted about [ hours. ‘I’he rome.n numerals written below the curve are

the experimental numbers ror the samplee taken ﬁ-om the a.utoclave at the corresponding
time 4ntervals. -

In considering the temperature and the pressure curves it will be seen‘that a
irop in pressure occure even hefore the maxinmm temperature of 154°c is reached. .

l'he zig—zeg course -of the pressure curve is caused by the irregular supply of ethyl- :

Ny E_e

ene made necessary tc me.intain the temperature constent.

“ The experimental data on individual oil sanmlee—shown on the diagram :I.ndicate

L only becomes more fiscous. '




D39

- ¥orced in-cdold t6 10 atm. -

~ Table 29

~ Yarious Ope;rating -Co_njition_s_;;-
Manver of Operation = - [Exp.. . Yield  Iube 01l
. i ' . N No. ' k [} ) v Ii
g kg - OEgg A o

LR

 Maxe Temp.

Ethylene .added with. ' ... . 208 - 33.3 6,187 104.5

" simulteneous heating .- 213 - - 33.0. 5.33 104.6.

160 ~ 180° .

180 < 1900

22104 260




of the ethylens pressure, the V.I. dropa agaii:.. At the same time the yield in
polymerizate also drops and the color of the polymerizate normally golden yellow

to orange, is dark red—browu to brown black. -

Table 30 - _
Max. Total  Total- Polymerizate formed 4y FOr each 100 kg. Lube 0i1 . -
. Temp. crgde prod. amt. Lube 0il It.Overhd. Over=--: AlCl;; _ Solvent I.ube 0il
o, kg o 7 - kg wt% kg. wt.%vhead kg ; °E V.1
_ — : L - ‘ —
152 . 33,0 ".;16;’5‘-"rv84.'071."x,,5".2»~~16.o_~- 19,5 - BgB :

187 32,2 1447 77,7 4.2 22,2 28,5 9.5 . -
205 . 31,1 712,9 73,0, 4.9 27.0. 38,0 . 10,9
238 .5 T1le4 64,7 6.2 54,0 . 12,3 -

| 66 41,0 69,0 - 14,



Table 31-
DPe4l

Qeriments ln 45 liteg_.- Autoclave

Solvent S - ; - ° -7 15 1it. = about 12 kg overhead
TA01y - ~le4 kg (with 1,3% reaidue)
Mex. Temp. A zzs-zss %

Total dquration =~ _ : -
- of experiment : 4 houre. e

Exp. . Total Orude Product: ~  ° Pure _ Tube _0il Obtained
No, - - 'kS‘ L e T L

441 0 Bgeal e . U swes. . 119.5
442 - B25 Bl Al9.2




Pe42’ Table 32

Depolymerization

An oil of 7, 25 E° 29 and a V.I. of 106 2 was subjected to.a_.
mild depolymerizetion at 330° for 15 hours, The heating
was such that a temp. of 350° was reached after 5 hours.

s

Fﬁ:actiorar Jmm -, . On - 5 Hours .-+ 10 Hours - .15, Hours
‘ Reaching at 330° . at 3309 at 330°
5300 L e S R T A

01000 - ~_1v, , , BeB . o BeB i ¢ Be6
100 -125° 7 C 7848 84 . BB . - Be0: L
126 =1500 | B0 T BB e BB e i Be6
. 150 -155°‘ Lo o,e S S 2.0 L deg . e -1.5

Totel Dist.. tov260° ‘17 2 20,8
‘Iube. EOgg . 7,23 -
‘»Oi‘; :_ og S 10700 e R

107.
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On June 10, 1936 the construction of a 700 Jato plant in Leuna was decided upon.
The etbylene. required vas to be Vprodnced' ﬁ'om the othane in hydrogend ion waste
gases by the cracking process developed by Ir. nein, isclated rrom the cracking
gas in a Linde p]snt and concentrated. '.l‘he RI.M desired above all that this plant
manui‘acture a lubricating oil having a viscosity or 5.0 E° at™ 99°c. ‘However, since

the polymerization is always sub ject to small rluctuations in viscosity, as may be

‘seen rrom Table 31, and since a i’lash point a'bove 300 C xas. specified by BIM, e

(which would result in an ‘increase. in the viscosity above 3 B 99) this ‘requirement
eould only be satisried by subsequent depolymerization. , -
A balance sheet covermg the quantitative po]ymerization of ethylene is given

in Table 33. The figu_res are averages of ‘numerous experiments can'ied out in 45 o

1iter autocIaves. . These values formed the basis for the plam of a semioindustriai

' 700 Jato plant in Leuna. ';

-45 =



Table 33
Cohy, - Balemce
45 1it. Autoclave
" AlC, o Solvent

OgHy - - A0z
127.4 kg (8.5 X&) .. - 7.8 kg

- Polymerization: -

Crude Product —_— CpHy - Residual Gas
192,7 - - AR %3 ¥z

© Settlingi

0il + Solvent _+ . _Dissolved 41C)z -

v xDe'cOﬁxi)dé_i».tion:" ;
Splutibns-' ‘ Sludge 011 Decomp.Loss Crude Oil +. Solvent .
1.7 kg L 2e9 kg lT6“kg _‘."" *]:86 5 kg

011 . S TR e Solvent

: »"kai;n.shed Lube il i Refming Loss::
. o o . L \ 51 kg

Obtained—‘f m 2’7.4 k

Lubricat ing-‘ 011
Solvent.: ey
Sludge 011
“Unconverted 02H4_.
Decomp. and Ref'g Loss

‘34.v ‘ .
127 4 kg =mo 0 %

l45'8 -



PART IX

Construction. of “th

e Tndustrigl Ethylene-Lube 01l Plents in Leuna
. . ) o . . . '\‘\

The 700 “Jato SS 905 Pl&nt.

p.45 Ao i . ; R
. " The attached Diagram 54 shows 'bhe operétion of the' 700 .Teto’SS 90:5'p1a'nt.

' 'whoae con'struction was decided upon in. .Tune 1936 ené the operation of which was

b

% of ethylene ‘was produced in Me 125 from the :

started in August 1957. o "'f.',g

A cracked _‘.g : : ontaining 30

ethane 1n the hydrogenation waste gases, by the oxygen-vacuum process (Dr. Klein,

&

Dr. Haubach). :

1

This dllute ethylene was concentra'bejw todpure‘“‘e‘l;'” yl






bl.v’94.5

’

Other difficulties in the operation or\the Ifinde.plant wore caused by
entrainment of 1ubricating 0il in the high pressure ethylens from the ethylene
cycle compressora since the peri‘orated traye of the last two columns clogged,
resulting in poorer iractionation and i‘ina]ly in complete obstruc¢tion. The in-
etallation of eeparatora eliminated this trouble to a large extent. A aatiefact-
ory operation of the Linde plant became poeeible after these varioue measures Jbad
been carried out. ’I'he plant produced on the average a 98-99% ethylene containing

5-1 0% acetylene ‘and was’ practically ‘free from 0z, co and coz.

The polymerization plant conaieted of two autoclaves of 1000 liters capacity

, each (500 ¥ x 5000) , in agreement with previoue experience on the 5 50 and. 100 .

i included gas inlet and crude'

Tl

liter acale with Ne material. A Hoeech agitator driven by Blauri rubber belte

wae used for stirring, being introduced into the autoclave from below., Diecon-m-v

tinuous operation was adopted as on the experimental scale the top flange being

equipped for charging light overhead oil and catalyst while the bottom flange L

'1ymerizate outlet.r The autoclave wae heated and

cooled by a Water jacket connected to a water circulation system provided with an

expamsion veesel. o PRI

After charging thelautoclave with '159 250 liters or light overhead il and

0-25 kg catalyst (AlCls) . ethylene was forced in under high pr' ssure 20-45 atm.




"

After the autoclave was completely fulf; which required about.8—9 hoursy—

- — % —

the entire. contents ‘were . released into settling tanhs having a capacity of 10 m5

These were insulated ‘and nrovided with a conical bottom for better separation of

o

‘the residue. The eettling time for the filled settling tank was at ‘least 24

hours 80 that of the three tanks, one was always in the process of being filled,,

a second was 1n the nrocese ‘of settling, and the third in operation.;‘ ' '
After separating the catalyst sludge which consisted of an.addition compound

‘of A1013 and oil and’ Which at first was dumned the supernatant oil was neutral— ‘

ized in batches in a decomp031tion tanh of 2 m5 capacity by adding powdered

hydrated lime,for 1nstance. The oil was freed from lime sludge in a filter press.

v The clear erude polymerizate obtained as filtrate was fractionated in &n at-,r

“treated.’ Since h'

equirements: for :55-905"



In 1938 the first tests were-m&de"—.ons ;the- ‘1ndnst1‘ially producéd oils in"
the Oppau laboratory and bJ the RIM During the year 1938 the production was '
increased to about 60 Moto, reaching the mn production of ‘the” plant. The
yield of SS-o0il; on the" basis oi‘ ethylene charged vas increased during the year
from 56 to: '70 A. By Sept. 1938 it was poasible Ao supply the Air Forces ’ L
(Inftwaffe) continuously. v » '

Experimental worls. carried out in the meantime ‘hagd: shovm 't;hat valuahle

aviation englnes oils could be produced with pract:.cally the aame excellent

‘s

v propertles as the SS 90.:—0113 i,L- a hlé,hly-viscous ‘bhyl £'ne-o:L of 6 E°/99 (SS 906)




~ through an electrically heated preheateroand returned at tﬁe top. The product\
was circulated until the desired degree of denolymerization had been obtained
determined by drawing samples et the bottom of the container. on. conclusion of
the process, the product was nassed through‘a-cooler to storage at about 6000.
D.48- For a oharge of 4000 lit. bottomsihn:the atmcspheric distlllation and an
oil temperature of 3750 the process required about 12—16 hours. It was found
that after thls time the desired drop 1n viscosity nad occurred due to cracking.

-The. color,however~—nad become very dar and tne solidlfication point had increased

.from -oO to -550 to about -16 to -2206., This increase in solld point can be

favoided if the oneration 1s conducted at a 1ower temperature. "

Table 55

7[i9Depolymerization of ss oil
: .6 n°/99




Table 35 siows the progress in the depolymerization of 4 mB S8 oil of
5.6 "’0/99.6 at 3600 under carefully controlled conditione. Six hours after the
"heqting had been started a temperature of 360°" vias reached ‘and 8 3/4 hours after
the start, after the first 30 liters of distillate had ‘been recovered, sample
2 wae taken; subsequent semples Were drawn after each 50 1it. distillate. The

~ proeess lasted 50 hours.

Ped9 The table shows the amount of SS; oil remainlng after the g:.ven number of hours

of ~vacuum dlstlllation at’ 150° c /lmm The other columns oi‘ the table contain the -

moet signiflcant analytlcal data ‘of the resultlng depolymerlzatlon -end. Droducts. :




The'constfpction of-the column head for vacuum operation is shown in the Diagram

Sk 80,

Operating conditions

Vacuum™ -~ - © . 20.m

01l outlet temperature 35000
Thioﬁgﬁput R ., o 450-500 lit/hr
Distillate recovery'_‘;__—“ : 75-100 1it/hr

Reflux 5 ;f e " 200-250 lit/br
. ; S SRAEN = :

p.50 B. ~The 5000 .Tato SS 906 Pl&n‘b. .

After conver51on of the plant to SS 906 and after reacninn the 1ntended~f

production of 60 Moto 'onstructlon for expan51on of the plant from 700 to 50



4

,‘Jak\.un Destill L.,.cr. j;'__
1°5n

—_—- Zur Va}mu:pu:nye .

K = }oniéiéns'z*oi':n_m :
DA = Druckausgle l.c_h

BK. = _Baro"o ..r. ". c,'qsa ,o* ‘
A ,rlues:.g,}'eltsabscnr':.dor_
RfLl Rucchluﬁ i : i

Vs 8'(;1‘ -

o Fldsalgp xed. ts-—
C Jewfvnr\luﬁ

13

I('

Il




- < y ‘ J T NI LTI s Lt sty
@ +—~ " R B
; - &LEET »
o g
: >
N
X

AR el . N . Y g P .
R A . . MR X - »{"\-J( cwmycvaa B L ol o
" R et v L} R S =

: Ammomakwarkorseburme H.




wnog | ceddnbigroy
P N AT e e
Q 4 N Q m v 2 UL - e SRR e t..ﬁs.o..ex.m..x,.:{i__\?sw
A , 00 %41 0139 eayonmpey R R s o el P

oot L
1200 en

- BORer Futbodlay,

llum“-;
18001

e

e “’,)f'
s

PN ovary

.-
.
S S N SR TSP
B S R o BT B
@ 4
- . -

.. \N\vvmp EOR S00

i
I8

A

ooty es s sk wrag st N aanlioa s eiierees s

TS ‘\|.v—hv.ﬂ.|l;|'$\fll.rl‘l.ukrlli

A4

R T e AT




'pa5L

Owing to diffioulties in the supply of materiel from Krupp only the two first
N autoclaves could be completed at the end of the’ year so that the plent was onILy
increased to an output of about 500 Moto. The last four autoclaves were not

supplied and,put into operationun‘til 1942‘. ee four autoclaves could n.ot be
1-

made of Ng material, as previously, since Kru no longer made this pmduct. )

They were made of standard high pressure steel. At first these furnaces operated

poorly but as time went on the quality of the polymerizate became better and I

___better,. The SS oil production was :I.ncreased by this expansion to about 700-750

Moto in 1942.‘ .
‘ In 'the new S5 oil plants in Mooshierbauni, Sc'hkopau and Heydebreck -still :
larger polymerization furnaces of 1200 ¢ (10 000 l:lt ) were used.- Ihe dlmen-

sions of the 800 ¢ and 1000 ¢ autoclaves can: be seen in the attached Diagram 5‘

(M 4992-8) .

s -A description now follows of the process as it is being worked at present\ !

General Descr:l.ption of the Process (See attached Dlagram 56)

Th= charging oi‘ an 800 ¢ autoclave (4500 11t. capacity) is accompl:.shed as

follows. sl
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Al

to produce'any cooling effect on the subsequent reaction;'~ Ai‘ter reaching the

L

desired maximum temperature, for which ethyl‘ene must eventually be added, the
water circulation is again started -for cooling and is continued without 1nter-
ruption to the end oi‘ the run. I.ntroduction of gas is resumed at about 140° in-
ternal temperature. The cireculating water is gradually cooled from 130° to 50-
60o_and 190-300 m' /h of ethylene gradually added so that the internal temperature
is kept at 110-115° for ss goe or at 120-130° for ss 905. After gas hes been:
introduced i‘or about eight hours the autoclave is full, indicated by the rise of
'. an element attached i:o the upper flange of the autoclave and ‘by. the rise .of the

autoclave pressure to 60 ‘gtm,. The contents’ of the autoclave are. now released into

the pre-decomposition tanks B.Ld then passed into centrifuges while ‘acid ic methanol

is continuously being supplied. __‘Q'I'he prerefined product from the ‘second centrifuge

- !

vthen passes -to. the main decomposition unit. B After “the entire contents of: an autoclave

: has reached the main decompos:.tion unit it 1s decomposed by ﬁ-esh methanol at a

,temperature o 80° hydrated lime being used i‘or neutralization.' The lime is sep-'

arated : n plate an ::}frame filter presses. The vclear filtrate then passes to the

»-vdistillation equipment the SS 011 remaining at the bottom of the column being re- _";

; fined by treatment with O 7% of bleaching earth at 120° Ai‘ter ad;usting the 011 in




p.52 The residue teken from the cen'trimge‘a is carried away with water and con~

verted to B~oil in a special plant.

Experience gained in the individual operating stages is reported as follows:

P53 I.Polymerizat"-iomn

a., Agitation:

'I'hat intensive agitation is necessary in carrying out the pohmerization to

obtain good heat transfer has beexn’ shown in the deecription of experiments mde

' on a smaller- aca.le. .
l' .

The agitation in the 1000 111:. autoclave is carried out in the same way as in

R,

’ the lOO‘*lit. experimental autoclave by means of a Hoesch agitator built 1nto the .

,1.-

bottom flange. S g '.; IR .

" Pe54 : Great difficulty was encountered afr—ﬁrst»by severe corrosmn of the shefts




se'en' from the "attached" ’drawing 38.
This agitator conetruction was i‘ound to be extremely safe in operation

-during a period of fou.r years. By care;t’ul asaembly of .the- agitator angd - periodic

.

1ubrication, packing need only be renewed after several months of 0peration

(4 hours Operating time). The replacement oi‘ the entire agitetor which requires

about 8-10 hours, was only neceseary every 8—10 mon'th.; Under i‘avomble conditions

periods oetween overhauls of more than a year Were attained.

Etable gives the ru.n.ning times of % "agrbators in Autoelaw}es .

1s4 in 1940,
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B’een from the attached drawing 38.

'I'his agitator construction ‘was found to be ertremely aafe 1n operation n
during a period of tour years. By .careml assembly of the agitator and’ perio‘dilzqh-
lubrication, packing need on]y be renewed after several months of operation

. (4 hours operating time).‘ The replacement of the entire agitator which requires

- about 8—10 hours N was only necessary every 8-10 monthe. , Under favorable conditions

v o i o

periods between overhaule of more than a year ware attained.

'I'he f°1l°Win€ table gives the running times of the agitators in Autoclaves

| P f”Autoclave b w0 W
}Installed T 2.26,1940 726489 | 2.24,40
-1st, repacking . ’5.15.40 R B0 £ 1 B S

‘2nd’‘répacking’ . - 841440 [
':Srd repacking,,;:_:._, g
kReplaced b '

e
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all means .be prevented -since otherwise the packing may be crushed and.the agitator
run hot or.even burn out: entirely. - It has been found of advantage.to keep the..
agitator in constant motion in order to prolong the life of the packing, even when

the autoclave  itself _i,s',anot_in' use. " B S P

‘I.be Wall Material- -

- The material of the container was. :anestigated dn ‘small scale exp‘eriments»
since this can be a significent ractor that may largely affect the polymerization
‘process. ‘l’herefore, the .two. 1000 1it, and“the first six 4500 lit. autoclaves were

S

made of Ns material which had been. found satisfactory.~As—might .be expected these

'—fumaces operated satisfactorily from the f:u:at as will be seen’ from 'I‘able 40.. ;

Difficulties Were first encountered when N6 material could ‘no longer be- sup-

onstruction of the 800 ¢ No.\T.[I-X furnace. : This will be reported more




through faulty heating oi' the etill'or by riooding the'difetillation ‘column, '(vir.hich
only re'eulted 4in dflution with ethane), the polymerization process could still be
carried out with an ethylene content as low as 92%. . ‘ ’

On the basis of experience gained An’ the 500 ¢ and ‘800° ¢ furnaces ‘the follow-
ing requirements mist be placed on ‘the purity of the gae. BRI

" “The ethylene mst be as pure ‘as possible (over 95%), an excessive content oi‘

“inert gae,‘ suoh as" Ny, methane or' ethane is undesirable’s’ ‘l'he qualtiy of the oils

ie not affected by tnese eubetancee.

Aeetxlene T ’-.No effect' w to 5%, e
Butxlene * _And higher“ no-olefins, below 0.

Butadiene - o And higher diolefins, below 0.1% have no effect. L

' ) Is very troubleeome. Baryta water mu t not become turbid

Carbon Dioxide .
' even after 1ong exposure. 1 -

~

Is%%ill pemiem‘ole in ethylene up to about 0.005%. ‘Aﬂf.r

"_Vcarbenlmoncéiaéa o
L ———— CO content. below’ o.ool,ézis( desirable, (Hemoglobin 'I‘est, 3

_Cﬁlorinated g@rocarb ons

Ehosphorus“and areeni ] compounde

b

. Water "vap'»or‘j‘ e ‘Mo e’ than 300 mg/m3 P meri 2
SSEERTREEEETEE which are not’ quite satisfactcry. In the presence of: less

than 250 mg 1120/m5 02H4 normal polﬁmerizates are obta.ined.




i Al_l_:these datav rei'er to percent by volunme or nig/xn:5 at 15°C7735 mm Hge .

p.57 Water Absorption and Dehy«_lration of Ethylene

The water content of ethjlene used for producing S8 oil is important -since

" an excessive water content may f:_reguently disturb the polymerization. Oon the_ .
other-hand, it has been found that ethylene has_a higher water content than might
be assumed ,.on'the"'basis of; the lawas applying ‘to‘videal gases. It is also knovyn
_that ethyle_ne; as well as ethane,,prop‘ane and similar, gases, ‘has a tenden'cy to. .
i‘Orm'stable hydrates‘at these‘rten'pera*tures.:m These facts show . that reciprocal
e\ffects oceur: between ethylene ami water, particularly ‘at higher pressures, exceed-

- ing those: that might be concluded by e.nslogy. . From vpublicstions of,the Linéq' Tce
Machine Company: it appears that gaees with a strong association,power, such as’ 002rl

absorb 4,5 times mere vapor at 87 atm. and 50° than would be expected on the basis

of the ideal gas’ laws.

In more recent processes ‘for concentratmg ethylene from dilute gases s e.g. '

the alkaline copper extraction process of Dr. Hauber or the chemical removal of

impurities from concentrated ethylene the gas is brought in contact with aqueous ‘

: solutions and becomes saturated with wster. An 1nvestigation of the absorption of

i |

. water by gaseous ethylene and the possibilities ‘of. remov:.ng it ~thus became', necessary‘

Detemination of Wster :- i

, r "liable. Determination'with Mg5ﬂg is rather unreliable at these oW,

\retained in the nitride. .



'Since the ethylene available for the‘inveatigationewas’ entirely free of
highex olerins which might be polymerized by P2°5’ the latter, . was dusted over glass
wool and filled into U-tubes and used for absorbing the water from the grs. Com-

parative tests with magnesium perchlorate gave valuee vwhich were within the usual

[, —

Po05 variations. .

Water Absorpt ion Power

On the basis of the vapor pressure of water at 20°, l m® of moist gas con-
tains 17 .35 g of water at that temperature.' In agreement therewith l N m3 of dry
ethylene may absorb 19 8 8 of water at 20° and?atm. At higher pressures this
water content should decrease inversely with the preseure in accordance with the

1 laws forlideal“ gases._ Since ethylene is more compressible, that is, since more. f,

! column 2 of this table are given the water contents assuming the validity of the

‘,,:"_ideal gas .'Laws, m column 4 the water contents based on the compressibllity of

:ats W:l.th:l.n 5-10%. .

v'btainable in spite of eareful work. The procedu:re was

~~~~~ N

into the

paper, It . asvfound that the_fil:st containe would. he



Table. 40 a

»

~ Date in mg/N mS

‘Found, Hy0 content calc.. Compressibility HyO content.calc
' . from ideal gas " of .ethylene - - on ‘the basis of
lews, . . T compressibility.

18,9
L ..0453
"f O.185

1 atmiy o wo19.8% 00 19000
: lO atm.(exc. press.) = 1e95: 1.73 -
(85 MM Q0 0673
Lo e 0.6 '
SR
1'100
4125
150 ;

:uaéaﬂ:;




:The-pressure of the ethylene was released after it left the moistening:con=.
tainer, and the 'ethylene-.ag'ain'brought-to the experimental.tenmerature'».in-a:aub-
sequent pipe. coil, ' The:gas then ‘passed through the absorption vessel where the

entrained: ‘water.was removed and - into a gas meter.

.

Ae .will be seen, .the water contents found are many times higher “than the

cal'culatednvalues. 'l'hey are within a range which seriously affects the use of -

ethylene for polymerization. uAttempts were therefore 8 de»to:,.dry..the-ethvlene. i

'_'l'he -game -apparatus was ueed -1 the one described above, being supplemented with a

et

drying tu’oe containing the drying material. ) Without enumerating the details oi‘

—_

separate tests, the final results areg’ given. ST -

SD cc of Si:lica gel B; sufficient to dry 4 m:5 of gas to a water content: oi‘

10% = 3 g =100 atm. ‘and 2000., at first dried the gas from 0:75 g/m to a water e

content of 0.5-0.4 g/m but which after passage of 2 m5, slowly mse to above 0 5.

In the regeneration : he calctr]ated amount of: water e actually fmmd thus con-

f:.rm:.ng the low*absorption by the gel. B

',Silica gel Al was much more effective. With 50 cc o:f gel*-:

.60 On

ntent however, is about 50 mg.‘



Here egain the high wateér absorption’power of compressed ethyleno is dsimonstrated.

Calcium carbide"waa ronnd' to be very effactive; water contents betiee"n' 20"
-and 50 mg/m were ‘obtained et ao and- 40 c for throughputs ot 200 1it. /hr. with a
30 cc¢ carbide: charge. After a throughput of 10 m3 of gas only -10.9 of" the original
34,5 g of’ carbide remained “n granular form. The rest had broken down “into a

Y
e

powder; & conversion of’ BBE g, ¢ b e T e e

Dry:lng tests w:lth—calcium chloride and canstic soda were omitted since they

© Were ‘unsuitabl& for technical reasons

i

- ization. Ethylene which was first moistened to a water content— of 600-800 mg/m
was passed at a rate of 15 N m /hr. at; 100 atm. through 30 lit. of granulated

carbide in a tower of 200 m ¢ and dried to 40-60 mg. .

.',{fseen‘- the vis‘




In emall-ecale tests the reaidue centent ‘of the A1013\ pleys a special

role. It is evident thet ‘a8 the ‘amount: or the charge mereaeee, this: tactor will
pﬁ} a more and more secondary part .eince only-'-the upper layer, which- comee in-_
-contact with ‘the atmosphere, forms ‘this unsublimable. residue of alumimum’ 0xy=
‘chloride, aluminum’ hydroxide and’ oxide, which ie detr:l.!kental to the polymerization.,

knalyses of Tresidue in an' old and in a fresh shipment were as followe.

3 Months old’ ehipment' o Se.mple from the upper layer' 19;9
;I lower sample: powder: :
o Jower .sample granular:

Delss . Freeh.ehip‘ment - R Original sample, top

- Sereened, coamrse

SN AN D P ‘Screened fine RN S
e T "' The same sample exposed
: ' : to the air. P

a special filling cover (cone with a elide alve). The'_'efxchange;’c"an ““ne"; nade ' very -

and ope}ratlng ti.me were found., Although the appearance s v1ecosity and viscos:.ty




index of the resulting ‘oils were good, & much poorer solidificatiou point was
obtained with the aluminum chloride _which came from a new plant in Ludwigehafen and
had & low L‘ron content. Atter replacing this product with one of higher iron con-
tent the required solidification points below -30°, -were egain obtained.

In the following Table 42 are given comparable data for»ru.ne with a catalyst

""1ow in Aron and one’ high in irom. -’

- N . Tableds

Alc}g 15W"in 11;011"‘1 (O.Gﬁ‘ :'b'-’Fe)_? © U A1Cly high'in.ivon (24 Fe)

SS 041 150° - (vacum) .
gr L. Bolid. pt.
Egg =V " Be. id. pt.

-No, Max.‘.['. 58011 150 (-Vacuu_m) ] No. Maz.
' 06 omgg V.l Solidept. 7T 9C

5189 2ly f':4;'-.'.$of::--~121~.'1 o R
- N.142°. 208 , P : E ' : = 11968 e
3'140 223 "3':';116 6 g

(R B | :
. B
Qo

'
g

N 144
N 145

Y .~
(4]
n

210 ‘



Zable 63

o

No.  Maxe T , : SS 011 160 (Vaguum)

Oc - Ufgg : VQI' : Sett.ptov . Elopto
8299  TITTIM3 . . 6438 ) 113.3 =370 7T 208
Nsoe . 170 . . 6458 a 110.1 35 T .820
8300 : 175 401" . 114,5- ‘ -35 © o212
N-BO7 v 0 1800 “B419 - T o184 w36 220
8301, - . 170 . . . . 8,428 ... . 113,8 . .. -37. . ... 218"
‘N 308" CLT170- T T 8B L T 1ABe s -BE - 218
S 302 s TS C '__112’.'2 S '-35 o218

Te.blg 45 shows the properties of the first high viscosity oils produced in. - :

the 1000 1it. autoclave. The optimum amount of .A:l.cl:5 required is the seme as for.'

.5% on the . ba is of finished SS 906.

l-———'—"v

'the produetion of the prev1ous SS 905 or 7> 7
""At the end of 1941 we were again coni'ronted with the problem of producing

,1ow viscosity cold-starting oils for tanks and aircraft whieh with viscosities off'

}'_on]y 3 AE°/99 must have he highest possible ..I. values and, the 1owest possible "i;

) *So : dification point




Table 44

Kind of A1Clz - it Noa © "E®/99  V.I. ' Solidpt. Fl.pt.

P64 a. ALCL5T; Fe-content 0.1%Fe +~  IIT 1453 . 2,96 . 124
LT g e I,V,lvss'zv_ae?\-'_

I mixed in Tatio




point or over 200°.  The rollowing faota_, however, are‘important: the required
“iron contents mist not -be obtained"rs;}" mixin'g‘ {ron-free with iron-containing 41015
{ ¢ and &) but must» be produced‘» by aublimation as a homogeneou'a product"(b) 'ainca
, otherwiee wide variationa result as may be seen :t‘rom the vqluea in the experiments
, of series ¢ and 4 of ‘l‘able 44, . " ’ ' ' ) l T
s _ ' The disadvantage of preparing less vIacous SS oila was that the filtration of
the AlC]_s-lime sludge obtained after the main decompoeition reaction presented great
diffieulties. The rilter cloth was clogged s0 that the presses could ncrt— be com=
pletely filled and the cloth had - to be changed freq_uently, reaulting in mueh mrki ‘

. and 1ess or oil and at times in complete cessation of product:.on. The resulting '

1y

crude oilsv could only be satisfactorily filtered and extracted by using larger

5 emounts of lime than Ain the treatment of SS 906 ‘ r;}by the addition oi‘ filtar aids,

‘Solidification point.
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e

: no irregularities.

s fori producmg A1015 showed that the satisfactory A1013

E French bauxite but that later, mixtures of French and‘

- No.
9,16 ,49 I 2150
9,18° " . IV 2047
' III 2126
. I 2153
9,19 - -~ 4 Furnaces’
’ 7 ;E‘urnaces T

9‘,3]:. ..};,‘, o

Dist.

11t.
1500

71200 -
1200 -

1200

—1200'

Tabls 45,

2,40 g

Above all, the decomposirtion of the crude oil mresented great difficulties,

variations could only have been caused by the AlCls, although its analysis disclosed_._"

A check

but since the quality of the gas and of the charge of light oil was satisfaetory, the

'the souree of the. bauxite ueed in the

“{"' .

. 8S 011 . - -150° in . vacuo C
dE;.gg V.‘I.‘ solid‘ opt. Fll pta
- 3487 113,7 -39 210 - .
‘4,27 . 11640 - 38 214
"3e21 '120.0 - 29 '.205l
5.20  ° 120.1 - 26 212
. B.28 © 12342 - 12 209
2,61 . 125.8 <34 lo4
241 .. =86 ozl



Batchee with 1ron-rree and K—catalyst were now run at varying maximum temp=-

eraturea in Furnace X (VzA) and Furnace VII (chrome-plated mrface), .

. Zable 46 a
P67 o ’ .
L Iron-containing Alcls (K-catalyst), Furnace X 4500 lit. (VzA) steel (welded)

Charge' 1200 li‘b. light oil, 125 Kg AlCl3

S

Max. Temp. Now— B J99 V.-I.,v . B Solid.pt. . Fl.pt.
-150 . - P20 566 110,87 | C =Bs = 218
75/74 T Beldl T 11346, 7 7. =35 2097

75 . © 5,14 T . 11475 T =36 - =2l

. CLRg s g6 T B B et e e BB Fhins T 213
200" - lg2 LU BeBL . 112.8 o -35 . - 219
e T i sl i B84 i e 110.5 T emen CRie o - e

: 11547

-:,.Gharge' +71200- 11[




‘- Table 46 c :

Iron=-free AlCls," mrnace VII, 4500 lit., Chromium platod

Charge: 1200 lit. light oil, 125 kg 41015

Yax, Temp. No. __ EO/99 V.l : ’Setf.J;t. ___ Fl. pt.

50 190 4,77 - 107.8, - =38 216 |
L CLp0g . e 4,68 0 s T 1ABedl o eBB S ST 22
. . 223 - 5,62 g-‘loe. e L = 36 - .r. 228
165 . UL 230 - 4,34 - 118,3 -G - :,'._‘,.‘57"1 -3 V-
60 - . 180 3,80 - . 11855 ... .. =33 .- 216
180 . o 18R BBt 07,04 0 T eal o el
200 S 196 TTeE1s _121. =314 198
R T 1 A SNSERENEIY- 307 RURNERSISEES T P S B R i |- ML
195 . 5.27 "f _122‘.2 =27 . 204

p.68 o will be seen i'rom these data that even when—using furnaces made of" otller

i matenals which yielded 1ess viscous polymerizates than the corresponding NG

SoXi “i:;qgtibﬁ point



~erude pdlymerizatee with.lé-catalyst. ’I’he previoue dii‘i‘ioulties encountered in :
the sepa{ation and further treatment o the catalyst residues, euch as the very

. pronounced fouling of the centria‘;uges and the clogging or the sludge nozzles may
be overcome if the crude product is oharged into the preliminary decomposition
tanks at a temperature of 125-150 "and the preliminary decompoeition with methanol
is carried’out only. to acid numbers of about 9-12 mg/KOE.. If an acid number half
this, ‘as in the decomposition of the SS 906 - crude product, is obtained the addition

- compound separates in a gritty state -and then gives trouble in the centrifuge bowls. ,

e —}Since the addition compound of products run at high maximum teniperature is :’;

: more difficult to decompose than the .one obtained at lower temperature, the with- e
drawal into the ','K.orting -and the treatment of ‘the sludge in the subsequent agitator
' must be done at higher temperature. In this case 1t is also advisable not to con- T

entrate the aluminum chloride 11quor to a density of l.s—about 4070, but to 1eave :

_it at % in order to facilitate decomposition of the sludge.




Table 47

3000 1it. N6 autoclave, 30 Kg AlCLy.
Maximun temperature 2000 -
Operating temperature 130°"’

) 250 1it. dist. R . b) 200 1it. dist.

"E°/99  V.I. Solid.pt. FL.P.. /99 V.I.  Solid-P. FLP
N 221 4,27 ° 110.8 37 21a N 207 5.04: 116.4 . <30 - ° 1905
$215 4,04 114.3 =88, 195 .- 8221 5,35 109.4 30 - - 281
N 222 4,35 110.6  -36 216 N 218 5.39 113.1 37 200
S 216 3,98 108.1 -36 ' 220 S2%2..5.00 15,8 ~ -36 203
N 228 4,39 110.5. = =40 205 N 229 5,8 118.8 . -36___ 226
5217 4,00 . 112.5 =B7-—: 198 .5 283 5,31 109,4 =34 . 21

N 224 4,38 112,35 . =34 205 . N 230 5,87 110.0. =84 . 220

‘I'ab le 48

] 4500 llt. N5 AutoclavesI-IV~ 125 kg A1015

. ‘M irituin temperature 1600
: Operatin&- tempera’cure 120° ,';:.v

T

. 2)71200 1ity di“- LI e AT FOL 800’111;. aist.';

*.710, 1:5, 40.: E°/99 o v.I., :soﬁa,p; b

23 30 IV 714 ]
S hBe40. ITV77L VY
78,30 I, 811
" 12,15 ITT 763"

16,00 -Ix 778

. 5458 - '110.7_ :

“r='6.0’6" 109,3
B 6,57 "110.6.
~"a5.eo 118 1 L




furnaces give a pictura of the coure'e’of the polymerization process.
A; Good reaction with normal starting velocity

. , ) \ B' Good reaction with too high a starting velocity

.C: Poor ‘resction . T L

— —

The charging and’ startins of the - furnaces were done as described on page 53 .

P72,
; ‘l‘he opt:.mum gas feed rate estahlished for this type of furnace is 250—550 m3/h;'

For higher rates up to 500 m' /h a poorer quality product was usually obtamed.

'Moreover it was found that the qual:lty of the oil improves if the process is

b-_.operqted w1th a s]pwly :lncreasing amou.nt of gas. ,
Table 49 eontalns data on pressure tenperature and time.‘ Here Tz 1s the most-'

,:meortant temperature in the lower part oi‘ the" furnace, Tl the head temperature

*i{whlch applies“’only after charg,\ng the furnace (A and B), e.nd T3 the temperature

_'the autoclave Jacket, avhich i low for an active highly exothermlc reaction‘

4100. "v;‘l‘he entlre ip;roc'ees freﬁ;_.tﬁé{;first introduction of




Table 49

.. V1/403 .

"Autoclave No. . T 11/1010 - , VI/541
Light oil charge - 1400 1200 1200
A1C15 kg . 120 120 . 120
Gas introduced 13.20 h 20 atm. 4,30 h 20 atm. 18,15 h 20 atm.
-Heated ' v 13,50 " 5,0 . : 18,45
Max. press. 14,15 19 atm, . 5,15 32 atm. 19,00 30 atm,
" Max. temps , 14,25 '150°% o 5.20 260°". 19,15 1800 . -
 Temp. °C CoHy ' Pemp, °C CoHy Temp, °¢  CgHf
S ‘ : D ) P : P :
Time .~ 1 2 3 atm, m% . Time. - 1 2 3 atm 1/h 2 3 atm msgh
11430 98 150 77 12 - 5,45 78 140 70 13 - 140 70 .12
: 20 6:00 72 139 52 12 350° 115 75 20"

72— 12360 13
“'pg 121 58 17 . -
80 125 53 20
80" 7128~ 52" 20350

@2 122 51 33
;g8 125, 51 23 .

.82 .125°°51 . 26
85..7128 51 27 430-
127 51 28 .

VB0 B9
150+ 30 . S
- 50 33480 v
_ 59_,,,%;36 L
123127770

185135 100 eo =
150 150 115 60480

92 110" 90 60 -

115 60 28 250
115760 28 -
120 60 33
118" 60—36—
115 60 ' 38 260
110 60 40 -
) 115 70 ‘41
112 60 42 -

80" 110 60 ‘44 235

+7110°765" 50 . .+
110, 60° 52 5
-‘110 60 58 265
110 .65 60 i
. 110 80.'60."
1109060 .7
0" 115 - 9056 200
0" 11580 60
11580 60~

60200



operatin\g‘ time in this case was only 5 1/2 tours, the VeI. of the oil dropping 1o’
about 107, _‘va B o |

' Example C demonstratee a" hindered reaction which may oecur when the gas is
slightly contaminated. Y’hile the pressure in autoc]nve .A. and B only rises to 60 atm.
in the last half hour, in spite of the strong influx. of gas, this occurs in C in
the middle of the process and the desired internal temperature must consequently be i
maintained by external heating because of_the wealLsnpnly of gas. : That the auto— a
clave 1n example C is not entirely full is evidenced from the fact that Tg and Tl do “

~not becone —equal. ~In- order ‘o investigate the progress of_the polymerization,

) samples were taken from a 4500 lit. i‘urnace, first at srort’ intervals, “then every

RN

and “the pressure in the 'autoclave from the""firs hour ‘o’ t]he synthesis oi‘ 011-is

T

apparent from the gcadual 1ncrease in viscos:.ty and the amount of fract:.ons boiling

'above l50° 1n vacuo. 7 ‘I‘he high bo:.ling oil ‘;described gives the most viscous endvv_

9."74‘; :

1)- Ai‘ter the crude product has eenAblown out most of the residual gas is

-::allowed to escape by carefully 0penin the ’-;high ressure valve (next to the alkali

L ii76



e Aa/a/r/af/

v #Hu
Betriebaorf;grnn‘gn boi dex Polynoril;t:lom

Es folgt nun Oiuo Zumemtonw von toehni.aohen mnzelhtiun und xrfchrungen,
dic siclr do ﬂchtic iy den Betried der Poiyleriostion hemsgostellt haben ¢

’

Bevor zum Fillen des Antoklaven der Deckel vom lontakteinfullstutzen geldst
w'rd, muss slles Gas aus denm- Autoklaven entfernt aoin. was folgendemaBen ge-

schiehts ‘ .

1,) Nachdem das RohBl fertig entepannt worden ist, wird die Hauptmenge Riickgas
_ durch vorsichtiges Uftnen des Hocbdruckvontus (neben Laugewaschturm im Erdga-

schoss) ontepmt. Pier‘bei ist darauf zu achten,. dase die danebenstehende

Rﬂekgalwaage nicht dureh ‘zu"schnelles Entspannen durehschltigt..

.2+) Der r.och in Auto av vcrbleibem‘e uaarclt w:lrd—-‘ber Dachk eatsy ..nnt, a.\f '

reison Fall in ien PLllraum (o 2osic nsgefu. r).

‘2 ) Num 'ordcn von den 12 Schrauben des Blindfla.neches vom E:Lnfﬁllstutzen 10 -

Schrmben ontferst. die beiden lotzton werden nnr ‘elockort. Dex Bh.nddecxel

wird jetzt glluttet. Sollte noch ein: erhoblichor Gaadzuck bemerkbar sein, wird
ent-

der Deckol nochmala a.ngcsogen, bil aich auch dex lotzte Druck dber Dacl:
spa.nnt lu.t. Erst jetzt durfen auch die: belden 1etzten Schrauben entfernt wer- )
—&ﬁﬁ Dieé_'maﬂ‘na.hme ist unbedingt zu beachten, da. es vorgekommen ist;~ daB belm_“
; unvorschriftsma.ﬁ:lgen ﬁfrnen der Deckel »mit groBer Gewalb hochgeschlaudert wors

‘.”‘en 1st, evtl. sogu’ unter explos:.onsa.rtigen Ersche:.mmgen und unter Fla.mmen— b

‘bildung

-'Bricht an Autokla. vcnknpf e:m Bra.nd aus ,' ao i t folgendermaﬁen zu verfahren. 0
v‘f‘ntsteht ein peuu- b.j_m_dfingp daazu\vcr entlurten Autoklaven, so 1at das
‘ Feuer mt ?en M!.Blcher zu bekampfen. e : -

oines Feuera der Autoklnv noch unter Dmck, 1st der Druck

‘wSteht beim A\ubruch :
.durch di. "Schnoncnt.pannung" im z.rdgeschoss oder dexr’ "Uber-Dach—Entspannung ,

‘vim Fﬁllraum abiulasscn. Darau.f muss 587in” den Autoklav Stickstoff gefah.ren wemeu.

T
o



wesh tower on the ground rloor); ' Care mist be taken to prevent residual ges i’rom .
breaking the adjacent gas meter by too repid release of pressure. - '

2 ) The gas st1ll remaining in the autoclave is a:l_lowed to escepe up the
vent but under no conditions inside of the room (danger oi‘ explosion.) |
' . 3. ) of the twelve bolts on the blind :E'lange of the inlet, ten-are removed but

_the last two only loosened. The blind flange is now - raised.._Should the ggs '

pressure still be high, the cover is lifted until the pressure has been completely

released up the vent. : Only then should the two 1ast bolts be removed. This pre-

observed bece.use ii‘ these instructions are not folloWed the

At

caution must alwags be

'latter may be thrown high with great iorce even explosx vely, w1th ignition of the

gas. .

If fire ‘should start at tth_op of theA autoclave the follow:Lng steps sho&ld

‘be tanen. Fires occurring on opening the empty autoclave should be put out with

e 1

,'.:hsnd extinguisners. .
the pressure

If a fire starts when the autoclave 1s st ill under pressure,

“:ulck release" vyalve on the ground floor or through

='e_ut oclav‘ o

A change from gas o nitrogen 1s accomollshed 1n the manner shown on Dlsgram 1

\.A

- The operators lof the autoelaves should}always remember that the intermsdiate




release valve between the gas Iine-'and"the nitrogen 'line should always remain open
(no gas in the nitrogen line, and vice versa).

In charging the cataly:t the 'cover 'or' the catalyst drum resting against the
conical hopper should be’ removed quickly {to prevent access of air): the catalyst

should be introduced only after the light oil has been charged, "and then only when

'the agitator is running (to prevent the granular cebalyst from sticking to the
bottom). when charging the powdered catalyst the latter should not be ‘blown ﬁ:om
the open autoclave with air, but wiped off. o A A'

‘ Before closing the cover. the groove and spring shall be well cleaned and a
new packing inserted if necessary. When the inlets are - cleaned waste should not
be used. Before the "filler" tells the operator that the autoclave is "ready" he
tion tank is filled, i.e. the level must show in the lower gage glass of the expan-
e sion chamher., The operator must make sure of the correct setting oi‘ all_valves at

«.._..___,

_the bottom of the autoclave before introducing the gas. In operating the autoclave

’it should be noted that on cooling down after the meximum temperatur

40 a m. before heating. Every time the pressure rises above 60 atm.u

.:',.vreleased; to ‘b

_ut _oi’-f , _the ‘,.heating iscontinu s

_ he gas must b and the quick release opened 1f

_necessary.
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P73 pxp. Time Press. Temp.

Table 51

SS 01l 150° in vacuo 0.4 mm I-no (Hanus)
_No. omin., atm. _int. ext. % wt. EY99 V.I. Solid.pt. Fl.pt. crd,prod. Overhd..Residue
1 60 25 160 120 4.5 ‘1.6 86,1 =78 . .7 7040 - -
2 5. 145 5,0 1.6 8640 - ' T 0.0 - -
3 S . 135 805 106 8600 . ol 0.0 - -
4 TT5 13 130 70 8.8 1.6 86.0 188 . 0.0 - -
‘5 15 13 123 60 15,8 1,77 91.0 . 47 ‘188 ' 0.0 - -
6 15 16 1310. 80 19,1 1.9 94,7 ~26" 187 - 0.0 ' Y- -
7 ~ 30 &5 100 65 23.6 2.0 98,0 -45 200" . 0.0 - -
8 30/ 36 110 60 24,2 2,2 96,0 = -41 204 0.0 - -
930 37 185 70 32,5 2,9 94.8 . =37 219~ 0.0 - -
10 "30 - 39 122 - 65 40,8 3,2 100:2 -38 213 - 0407 - ‘-
11 30 48 120 - 70 45,0 3,6 100.1, - -36. 217 . 0.0 - -
12730 56 115 . 72 B2.4 ‘B,7 98,37 . -37 ~ 208 T4.2 0.0 849
13 65 54,0 349  105.9 .. =36 213 e e
‘B0 5744 4.17 107.3 .. =36 208 4.8 X6 B8
90 6060 5.1 :.102.5 . -35 227 4.2 - 2.0 6.4
"'82 63,0 .5,1 106.4 -85 223, 5.7 2.3 6e7
283 68340 546 105,9 . =31 226, 1100 7.5, 10,7
792" 8540 5.8, 106437 =52 223" 1 ‘8,57 1148 ¢
. 100 85,0 - 5,8 . 107,1. ' =32 224° 8,5 c o6 9.2
©100.66.,0. " 59 '107,5. -3l - 7230 a7 9481 v
.. 100,65.0. 643, 109,0 " =32 - - 4,50 - BeB
jloo 6‘5.‘6".;, 6’.”3?2‘108.6_'; o33 6 7.3

o




machined Sg material.
Although small scale testa haed shown the harmi‘ul effect of i‘errous wall mat-

erials, rurnaces VII and VIII were installed in ‘the condition described inaamuch as

repressed. Thie observation was ,made during polymerizations in a N6 agitator

autoclave of: 4500 litere capacity (No. 1\1’) In these tests the autoclave wasg nro- -

'vlded to a height of about Smw1th iron 1nserts of M—lmaterial whlch had only the

normally rolled surrace. The polymerrzation results obtained -in this. autoclave are

summarlzed 1n Table 1. Thls te‘ole shows that the iron surface can no longer be

‘“considered to- have any damaging ei‘fect ¢ "v_,,the 011. '.T.'hese results Justify the

decis:.on to use normal steel in changing ‘from 800 xmn ¢ to 1200 mm ¢ furnaces, since

_ﬁ.cat::.ons. It seemed probabl :




Table 2
Table 2

800 “mm g Fe Furnace VII untreated

XNo. " E 98- . Vol, ~ R 2 P pt. ..~ ..Solid. pte

4,75 . . 107.1° T 22% ‘ - 35
4,05 10809 o BR? o o e B9
“Be67 P 109e5 - e 2R P AP S R
T .86, . 0 0 1083 - ~218.. . 39 *
3,57 . . . L10.8.. 0 215 . 44 ’

3.6 0 - 11009 o 199.f' 89

KR X N YR R

77?1.;pt‘ T soiid;pt;




B. - Fo ‘foed pips. ennealed. The results (Table 5) ave similar, to those in Table 3.

Table 'S

Fe pipe, annealed for N, firnaces

Date. . . T ' Noe . .. .Pl..T o o B9 VeI, o Fleopt.  Solid. pte

42 ‘W705° 180 L B4B7 . L 98,2 -
: o e CT 10644 . 194 T r2 33 .
205,71 - 211 . B2
09,3 -7 . 178 . 38’
©105.8 .. 208 . .36
10846 - . 207 R
L1036 L 203 37
T 112,70 .. 7208 87
Tl 11066 o 216 i B0 e
; ;,‘_110 b R zps .38

D79 »};”1'””




" These tests.were then\tfaﬁufeiu‘-f’re.d:tb the 800 m!’n_¢4_l‘urnéog'ﬁ1v; .
l, = Fe feed pipé, severely s;:aled (i‘able 7); no effect in comparisoﬁ' to the
plain furnace:. '
Table 7 o \

Fe plate, annealed, severely scaled in 800 mm ¢ Fe Furnace VII ’

25 N -7 2 et 711461 . 810 . ’ 27 .

No. T Y Ees. . Bl © Flpt. 'Solid.ipt.'

24 . BT “111.9 e 109 . =3e

26 8,53 ' J113.1 . 807 R 30..
-1 SR S - 15 o L .,198.0_-~ - S 1= ‘41
28 D S 2,34 .. T 101.3 f 2190 -
20 L hTR.96 L 2102,.8 T 207 .38
3. i 2e68 et 1im,s 199 ‘39
3 44,93 2 © 0 .109.1 o i2ls - (B4
B2, af"ajz.so,s L .',101;4 S 2 --~215_v 4B

o

‘ 2." _- Fe feed pipe machined (Table 8). Resm‘s are distlnctly better (particularly

than m the plain furnace but not yet satlsfactary. : o \ K

Table 8




Table ¢

Iron plate, treated with copper sulphate, 800 mm ¢ Fe Furnace VII

No.  _Bes WL Fl. pte - Solid. pt.

‘12,7 7 204 T o= 39
-103:0 o 201 - ' 31
T 118.4 o 199 39
-100,8 203 - - T B
- 104.6 - 219 . 35,
T 103,7 : © 240 , 35
‘ 109,22 Sew 2137 S B
.105,2 .. o oels
17,2 . 207 - o L 38
: Lo 110945 R S AL
S s B - S 2 AT L 37
Coo 11856 SR -2 R ' 44
- 112,07 = 223 RN
73105.3. . - o.ojees 38

bed pips ;. treated ¥ith agueous: chrémic acid (Table 10) Results better —
" than in the plain fursace; but.mot eatisfectory. | .. T o




Se .-,3?'0 ffelofl pips ground and electrolytically chrome plated; tie Cr plating was
soon eroded. (Table 1ll). Results as before.
- . . '.I'.‘able= 1l

Fe insert, lectrolytically Or plated, 800 mm ¢ Feo Furnace -

NOo'v - E 99 ’ _ Vele . o Flopto . Solid. pto
we . . . - 4a9 . - 113.4 226 . .- ‘ 36
180 , C 3.80 . 0 116¢5 . 216 - , 33
.81 .. 4,01 . — 110.2 . 2l4a- ' - 37
182 . 3.65 . 1070 - . .. 22 LT 41
183 - 4.l oo - 1019 : T gz o B9
e 2,27 C0 11469 » 220- -1
=185 - - 463 : o qamee et e BAET R
186 : 4096 - . 1181 218 42
:187 . a.91 ~ 1 - 208 4
188 o 4.66 7 . 108.2. - 214 : ‘ '35
1O 4T 1078 =6 - . --%8
a9l 1.963 11'7. S a0 SR

o

p,‘gz‘ 6e = g ! feed pipe‘in 800 m p Fe Furﬁaée vIIT (Table 12). | ’.,l‘h'e‘ iscosity and par-

ticularly the V.1, aXe ‘the best, of all'htests. =




' 7.‘- Cu pi}m was totally destroyed after a fow experimenta (nq exact fdataj,

8. = An Al liner was destroyed after the . firat test._‘ )

Meanwhile :Lt was decid&d that VzA 1iners would be 1natalled in the large
1200 mm ¢ Fe furnaces if. their oils proved to be. of a8 poor quality as those from
.the 800 mm ¢ Fe furnaces. 'l'he correctness of this decision was contirmed when~ Fur- ~

nace X(BOO nm ¢ Fe lined with VZA) gave results identical to those under 6 (Table 13)

: v o Table 15 ’-, N
p.85» .4 PSS . e ) ,‘— ‘ :'I: o v.,, R ;_\‘ ’, -
o " " " Furpace X eoo mm ¢ lined with Foh
Noe. o - ., B 99, " BT 7 SRR Fl. pt. o Sol:Ld. p'b.
b 3.86° Lo 105 1 : 206 , T ‘- 35
2 3,227 - 7 104, 202 i .45
3 -2,85- . 108,53 ... 206 % - -7
4 R - 11 S 1127 S T - 200 e BB
R - R f 1087 s T UA99 0 o i T BE
6 R8O I - 10462 7 .88 . IO 1o B
7 78-S 1023 5 B08 L g
8 2.79 T f‘ 105,0 o oR04 o T sy
g " - s 07,9 T e 198 T il

J10848 0 Lo 808
logy o0 200
EER 215




Since in the meantime another 800 mm @ furnace of 1'!6 gave _rosulte (’i‘nble 14)
whioh did not correspond to those of the old l~4 furnaces of Ns, although the

.a.nalysis of the 1iner material had the normal composition of Ne eteel (6% Cr, 0.3% Mo

T

’and 0. 15% V), it was concluded because of the difference 1n the irone that the varia-

tions in -the properties of- the oil dia not depend on the materials of the i‘urnace wall.

Tab le 14

S Furnace b{, 800 . ¢, Ne B ' _
No. . E 99 T V.I... . T Fl. pt. Solid. pb.

104,21 .. .. 285 . - a2
06,5 . 0. . 194 s
i 10846 : .. o207 - 44
t10655 - 208 . s 4L
e 114:. o R 202— .;_W‘W%"_.\ 7.V:
- 108:8: S oie0s e A3
107,20 . 195 . om0 86 '
. . 105.5 TR -1o - R <
. 109,2 . .o eer e e 2B
" 102.3. S 196 e B9

09,00 Lot o199 10 T S

. 104ce. . v 208 B5

L 088, | ooooBloL oo 48
10,0 o T . 208 e oBE

('I'able 15)_.agree1ng th that obtamed in’ the small N6

furnaces as well as 1n—the~: N

second furnace Eurnace III) which was *obtained from another concern (Table “16)




. Table 16
.85 Ie——
Furnace IX 1200 mn Iron

No. —E99 VI ~ Fl. pt. Solid. pt.

5.18 . 111.8 S . 214 o - 33
5470 I 110.8 - - © 218 T B4
. 8.18 . 113,2 233 . 34
8.6 - - . 1089 ‘ 228 . 33
. 6458 ST s ~235 .. .. .38
N 25 " 109.3 _ 247 R 34
6+00. . ..1o7. sv B - B ‘38
iy 6483 - -11‘2.2 , . 220 S <
12, . e.20 . 107.7 B 283 . 32
13 ERPRAE P8 & S A08,3 - - ©..227 Sl 30
34T o 6406 S 1097 C .. 20 . BE
15 - . ee®7 1 1040 T 229 IR -1 A
6 — ~—6,21, —  ..107.8 . ~ o230 v 86
AP ees 648D T 108,0 - T -7 35 -
B T R RTIE L1 TR S 131000 T 234 Lo BB
go e BBl . 1123 0 e BB 35 -
21 . S B89 e A07E e CogsL T LB8

o

© -2
5eer

i

. w:_thout any surfaee treatment (actwatlon or passivity)_“ or installatlon of llners. :

The small Fe furnaces Which were supposed to operate' satlsfactorimy only after a ‘,

300 charges) but s‘bll—l i‘a:gled“‘to fulfi].l the requirements.

' furnacee immediately gave correct data—i'eéardless of the eke or the: uality
) gas on which 'chey operated (the four furnaces :l.n Sch.kopa :g re h

.d that the difference :i.n resulte ob‘bained with the W smaller F

o ':furnaces”from 4 different concerns 'can e"compared) .Th brae reason for the

=88«



abnormal behavior of the two 800 mm ¢ iron Furnaces VII and VIII is rather to be
sousht in the fact that railuree during factory tests caused +he manufacturer to
make changes which introduced unrecognized gnd: uncontrollable factors.qnﬂ, _
The. furnaces. which gave ‘the poorer oils do not furnish very good argnments
for the experimental conditions.' The exoectation of more. reliable manufacture of

S8 oils in-the. small iron. furnaces proved to be groundless since no: better results )

were obtained than in the other. furnaces. Moreover, the color of the abnormal oils
.{B8: ‘906 and SS 903) - ‘were . very dark (opaque blue green; %o, dark brown) withie nllghtly

1ncreasedzConradson:testy s



p.66 II. Treatment of- the Crude . Po]ymerizate

a. 014 Nethod of Treatment: ' }

‘ In the older method of treatment described on page Ty uhich coneieted in-.
allowing the insoluble addition compound to settle hot and withdrawing the heavy
sludge, the following difficulties were encountered. T . S o ‘__;_
. Much settling capacity was required and the aludge outlets were-eaaily clogged.

The problem of” introducing lime into the decompoeition tank fo‘r removal of the

en- technieally aolved.

; addition ccmpound still remaining in solution had not yet :

By introducing the material :I.nto an’ open tank, nmch trouble was caused hy vapors

from the solvent or HCl fumee- the rilling wequipmen ith-its screw conveyor fa" led

.r., ,

ros ks

ﬁ-om the tank. Moreover,

centrifuge because of precipitated aluminum hydroxid 'I'hie type of Wet treatment

e wae therefore :Cinally ahandoned. f :
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‘I‘reatment with alkaline methenol aolutione and with gaeeous ammonia was

then tried both in the laboratory and on an industrial acale. Preoipitation oi'

NaCl or sublimation of NH401 frequently gave trouble due to clogging of the - linee,

ox caused filtration difficulties' mo}eover, the solubility oi’ annnonium chloride

in the oil gave much trouble in the, subsequent distillation. ‘

B { During these experiments it has been observed that the addition product which'

reme.ined dissolved in the oil could be precipitated by emall quantities o:f methanol'

k withou ausing aluminum hydroxide to be formed by hydrolyeie and without allowd.ng '

. undesirable constituents of the oil contained 1n the sludge to enter the SS oil,

ST

‘a8 happe s when even smell quantities of water are used. R

dge ‘constituents, the following rocedure was adopted. (O.Z. 15190)

rude polymerizate from the autoclave A is corntinuously diseliarged :|.nto

N the so-called _freliminary decompositi n‘vessel, 1nto vzhich methanol
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peeled off,. 'I‘he amount. of reeidue“from the -charge: oi' an Boo-autoclave is abou.t

350 kg,. It consiete or equal parts by weight of Alcls and hydrocarbon oil. This

double compound decompoeee at first very-: slowly with. cold water. After some time,

,,,.hoﬂeyg_r,_the reactiqn becomee very violent. eo that the water mey reach: the: boiling
. ; : .

,point. . _ : : .
This deoompoeition is carried out, in a Korting aprayer with-a spray: nozzle :

_of cast ,iron, ‘not with pure w,ater but with an aluminumn chloride liquor from a

previous treatment. ) !
\

:The oil-AlClz sludge accumulating in the centrifuge D is carried away from’
ueoue AlCl3 liquor. This

the - sludge container R by means of a sprayer fed w:.th ;
th.rough S by means of a ferro-silicon

AlCls ol' "‘"ion is supplied from the liquor
ayer 1ocated below the container R. —The sprayer forces

©

pump T to the Korting spr

K In“this tank“the Alclg-o:t.—l—sludge is completely deeomposed by

' "After etopping the agitator, “the oil and AlClz'



withdrawn from t.’une to time, ~The oil muet thererore be withdrawn for further treatment
(see Section V) at. some distance from the bottom or the tank. ‘
The aeparated Alcls liquor is again passed to the epre.yer. This_ cycle ie
continued until the deneity of the liquor has reached 1.25- 1..30. | At higher concen- -
‘tretions the decompoeition of the oil-AlGls sludge :le incomplete. Table 55 e shows

the relation between specific grevity and solidification point of the A1015 edlution,

e -

and 1its A1013 content.-. o

S Table 53b

Sy

Corrosion of Iron -L,- by Alcla-water mixtures at 20 C 8 — e

P67

‘-.-v_,_s_crihed;{avhcven” ,The A1015 1iquor is utilizéd in the tanneriee at Iudwigshafen.

Rt I






The preferred nozzle construction of this jet apparatue is i1llustrated in '

Diagram 53 a.
By operating with a pair of centrifuges, the treatment of an autoclave charge

(about 4. ) lasts about -1-1/2 hours. - —

“The centrimged crude 01l is now pumped directly to the main decomposition

_,unit E (no 1onger through the collective c'ontainer ShOWn in the diagram of pege e

‘I'he oil (acid number 2-5 mg KOH due “to’ hydrochloric acid) is now- mixed with eml_‘l

',quantitiee oi‘ ﬁresh methanol i‘rom the°measuring— tank F until all HCl has distilled

' Off with “the’ methanol. The last tracee are’ neutralized with l_i__.me which also takes

] p the amall amounts of Al(OH);; remalnmg and thue facllitatas f:.ltration. ,A PO

pneumat:.c transfer of the powdered hydrated 1'ﬁne from en; iron hopper 02 by means. of“

: nitrogen hae been i‘ound very pract:.cal. (see D:Lasram 54 on page 'v-)p., s .

‘orces it"’into the filter press K. As 1ong as o:.l leaves the filter

[ :
he eloudy filtrate must be returned through the recycle

N ,' }

Gases liberat,d by releasmg the pressure on the crude polymerizate-fn he pre-

L

‘tank B ar pas ed hrough the recelver L and the 011 seal M

crude oil to the dlstilletlon




g

step, followed by ~_blowing 0f the hot cake with nitrogen,';a dry,'j easilx removable

cake is obtainable. Althouéh‘ it appe'ars'to be free of“oil,' netertheless, it

'8t111 contains considerable amounts ‘as can.be shown by the following methods. .

Test 1: 40% of ether-soluble constituents can be extracted with ether. :

A

: in which the water goes into the l:une disnlacing the oil

_‘l:\.me settles in: the ater on’ which the oil floats (0 Z. 14'.328)

Test 2: By, heating in vacuo, 21. 5% oil distils over-'by 1ow cooling, 15.5% of.

Ty

water and 10 0% of light oil can be obtained. ‘ v
Test 5 After dissolving the lime in dilute HCl 27% oil remains floating on the

'

CaClg solution. _

_' In carrying out the tests of the last type it was notlced that when the

‘lfilter res:.due was: placed in water at 90°C a reaction took place ih.th foaming,

"The pure, 01l-free s

A completely '. dry,

_1non-crumbled sample of I:Lme gives 20% oil which\ on distillation ‘J.ves 62 5% of

',dist. .bottoms hav1ng the i‘ollowing propertle s' B

ttle '011 (after the customa Tlushing tme ‘of the filter press with light

overhead )




Time of Flushing % Light Overhead in the Flushed Filtrate

.15 Min. : . : 64 %
20 ".. . - A AR
30" S R - < 5 B
40 ® . C T~ 95,5 "

50 " , e : 94,4 "
60 " ol e, 978

Nevertheless, the dime. contains more viscous oil and less l‘ight“overhead than the ‘

.ﬂr

outflow:.ng light flushing oil. - e o G ‘ -

In~practice'the lime 1s mtroduced in triple the amount of water at 90°C —iﬁ—ez'

tank in whlch an anchor-type agitator w1th a small clearance between the- bottom and

wall rotates_Ioﬁ.y“(zo r.p.m. ),_. In this nTan'ner the lime Wlnch becomas lard-like

due to the reaction, lS slowly cut w1thout beim_z, stirred up, thus allow:_ng segrega-

tion to tal_ge place.t Ai‘ter settling for one half to one hour vzater is introduced

into thaéwater zone’ througn -an annular horizontal pipe causmg the 01l level to nse.

The 011 is run out by additlon of water through a nozzle-‘l cated at the upper most

‘1', s \ : :
filter residues are particularly rich m oil.- The oil obtainable m this manner amounts;

g =



on the ‘average, to 25% ‘of the resulting l:Lme ﬁ.lter cake,; With a consumption of .30
Moto dry Ca(OH)z, corresponding to a capacity of 10, 000 Jato SS 906 thie would rep-
'resent.about 10 Moto of oil. :rom 9/11/1945 to 10/15/1945 (33 dayd 25,740 md of

oil was obtained in Ne (Lereeburg) 126, representing about 20 tons per month with a
daily output of 0.2-1.5 m (0.78 m? on the average).' These quantities were edded to

the SS filtrate ‘since repeated tests showed identical composition ‘and’ properties.=

Ce Operatigg,Experience.,v

The following p01nts must be particularly stressed in the treatment of the

crude oil"

Since 1n the preliminary decomposition the acid methanol 1s simply added to

K

the agitator by means of a measﬁring tank and look box,lend the messurement of hot

S ‘lpade‘d :motOr.. ‘
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THhrond. des Fahrcns 151'. bei. beiden Schﬁlern der Ulstand im Schauglas der Ap=— .
fallbehil ter douernd zu becbachten. "Sollto der Stand +m. Schaugles pl&tzlich

ansteigen, ein Zeichen defiir, dass: .die Produitpunpe nioht arboitet, ist als
crstes sofort der Schdlernotor °uszuschf‘1ten dann erst das Zulaufventil vom
Vorzereetzer zu schliessen. Bierdwrch k‘_nn vecrmieden werden, dass das ﬁlﬁtz-
hch im Tromelrrmn angestiegene |t B1 -auf die ~hvlertrommel 218 Fluaaigkeits-
bremse wirkt und der Sch’ lermohor durch t’bcrla&tung d.xc J:ch'brennt.

On’\'o’f\" zZur Yc:me.:.dung dus Durchbrennes des Motors in aie muumoﬂase eine
5 “vctoffteuchung eingebout wurde,. in dex bei ;.nsties von Flﬂ.ssigkeit der .
sk ansteigt und. den Schﬁler:nr‘tﬂr a.usscha.lten soll, sind- -die Sohﬁlerfahrer
T die Wichtigke:.t dieser dauemden Kcntr*l:x,a ‘das Standglu.eee zZu unterrich—
t,n. ) L

“Des ’Sehnuffcln hat 1a.ngsa.m zu erféiéch, um eine ea.ubere 'l'remmns von 01 ynd
“Scilemm -z emdgl:.chen, ebenf: ﬂls danac"' daa Scha.len, um, da‘bei zu hoho Strom=.
*u‘n..hme zu vormc'id‘,n. uf kelnen Tp1l darf ohne Anweisung die Fcineinstell\mg
o dr—-r n,,-draul:.k von. Schnuffelrohr und. Sch.lcrmesser verstellt werden.

' qu' Schmiemng des Schalers 1st Zu bé: .chuen,: daB 1m 61ka.sten der blstand aus-
ht uber 0,1 a.tv.i steht u.nd das :

o f“e:.cht, _des: Druci "'a.nometer anze:.gt, a.be
' nu.hlwasser lauft. o :

‘ ' tzer—
: U ein. elmm.ndfreles Arbelten aer: pneume.t:.schen ‘Calkfordcrung 'bei der Haup :
‘,.,;:52‘5_ 48 zu. gewahrleisten,»hat ‘das’. E:Lnblasen des Ka.lkhydra.tpulvers i.n folgender




Although a nitrogen seal (in which the preeeure increases when the liquid
riees) 1siﬁgtthe receiver to prevent the separator from burning out by shutt‘ing it .
'ofi‘ the centrifuge operetor should’ be advised oi‘ the importance.of. continuously
controlling the" gege glass.

- The discharge must be slow in ordexr :to afford a clean separetion of oil and .
"sludge, likewiee the subeequent centrirugal treatment in order'to prevent excessive
consumption of current.- Under.no circumstences should the adjustment of the hydraulic

discharge p:.pe and the—centrimge meter be chalngefi~ without—instructions. L -

a~

In 1ubricating the centrii‘uge it should be° made certain the.t the 011 level 1n

“the oil eontainer is high enough, that the pressure manometer registers (but Tot Hhove

: "0.1 atm) end that the cooling water is running.- o e )

‘I'o 1nsure satisfactbry operation of the pneumet 1c lime supply in the main degom—..

. '%positiong;step, the powdered hydrateé lime must be blown over 1n the followmg manners

thus prevents peneht“ion of hydrocarbon vapors 1nto the line.

: s‘opened and a pressure of_l atm. is kept on the hopper by




- &
The original packing consisted of an 8 mm thick leathiet
" since

compoeition before assembling.

cord but later 3 mm thick pasteboard was used which lasted a year. nowever,

'

this‘pﬁcking'is now very defective _and of poor quality; packingvcords 8 mm thick of
R .

PC..fabric or. Perbunan are to be used in the future. ; s ) :

Double Igehit cloth is used as filter material in ‘the decomposition nresses.

A fine, very closely woven PC cloth is first placed on the perforated plate and a

coarse PC cloth on top thereof strong enough not to tear when the ceke is scraped off.

When the filtration slachens or. when a cloudy filtrate is produced the cloths

i:re removed and washed with hydrochloric acid and Tetra (0014) Before using ‘the

=

in’ spots or tears, which are. repaired. In this

cloths again, they are: tested for’ th

,manner the cloths w1ll stand ‘as. many as 30-50 washings.:
or cleaning the PC cloths. ;

The followzng procedure was found satisfactory 1

AThe fouled cloths comlng from the press:f'

adherlng to $he cloths is washed ff‘in Tehra,a ; \AHT

e

(fp D to dry.b

~of glassAlllumlnated‘from below:

,__',of PG. '

" aliphatic hydroparbons




The rollowing lininge were tested in practice in 2 m° agitatore.

1, A coating of the cover with "Asplit" and a top coating of "Hochst" cement SW 20
was not satisfactory, since the unit’ is run alternately cold and hot and_ the
coating cracked partieularly along welded seams and at:the edges.

2. The application of an elastic intern}ediate 1ayer of @ppanol B 200 between the

'v cover and the_Aeplit - Hochst_cenent caused the protective coetlng to rupture

even after a few dharges because of swelling of the Oppanol., -

3. A hard rubber top coatmg of Para Hard 28 (natural mbber) peeled off from the:

cover ig‘one day.s After 8 days operation the rubber coatmg was entirely de—

JN IS

stroyed. . L . ,; T DR .

'.‘4.;A 5 mm thick SP’VIL hard rubber coat (natural rubber ¥ 50% graphite) applied to -

':‘ﬁ"the cover vas - fouud satisfactory for a iz- months' operatlng penod. The rubber

p coatlng,retamed 1ts full strength durmg this perlod of operation and‘suffered

52.'no substant1a1 external damage from the hydrochlor:.c acid—hydrocarbon vapors. .

""Exposed plpe lmes were also satisfactorily protec ed‘ m~th1s_xnanner._ The same

T_'-_rubber, although not—completely vulcan:.zed was also used as packmg material.k ‘
I ‘Since the above netural rubber could no longer be eupblied rs available Buua-type

sed for the expans:.on of the decomposit:.on plant. This mater:.al, .

00~



Preliminary decomposition unit' Cover: ?'Neoresit"‘baked- ensmel asd ‘external -«issixlation

Shaft: Baked enemel
l‘-iain decomﬁosltioh wnits ’ Cover: Bﬁok#lli;ed
Ty IO - o »coné,-- En,amelor”.&split"
= .’ PR T : Shaft Unprotected
Inmersion baslnet. 3 . Rubber Coated o
Cooler on maln decomposltion unit . Igelit (Construction by Dr. Henning and Dipl.
. : " , Eng. Gebaueq:', Leuna)___.
Gss."wash—ﬁg":t*oviers.‘ = . “. Brick-li‘nedw: L

Igelit is the best material i‘or all exposed l:Lnes and armatures at temperatures

below 80 ,*and Igelit lim.ngs for - cold vessels such as separating un:.ts, mnnersion‘

equipment etc..

'I‘he following types oi’ pymps are used°

For ecld methanol ‘ “ f?' Porcelain pumps e T.w o A .»—Q e

Stoneware pumps, vlbich are now-—being replaced by -

Io:.;scld 11ght overhead oil

=301 -
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:feed w1th 25 bubble cap trays and below this p01nt w1th Raschig rings to facllltate

o cleanlng.

exchanger'? \pump 10 and a cooler to a storage tank. :

‘a hlgher bo:.l:.ng overhead fract:.on can be w1thdrawn and fed to a. strippe )

“:sion m t,he condensation zones

‘ III DistLllat ion

\

- The attached drawing 55 (M 3612-8) -and photograph 56 illustrate the Distille

[

ation Plant iv. in Me 126a.

The crude oil purqped from the storage tanks by pumps 8 or 9 passés through

'the heat exchaiiger 7 an‘d’pipe_ still l,‘, to column,.s." The -furnace is built‘ as a plain

.convection furnace Wwith hori’zont'elly ’a.rranged tubes and is_ heated hy an’ automatic :

burﬁer. High local overheating of the tubes 1s prevented by. rotary gas bloWers 2,

The column, l 000 mm in dlameter is equ:.pped above the point of injectlon of the

y - T H.

N

The 011 hav:.ng the correct flash point 1s pu.mped from the bottom thm ugh heat

Vo

From a tray of average helght

secondary column of 500 mm dlameter w1th 2 bell cap trays where 1t 1s blown with

'stea.m.- ‘I’he strlpper 1s perlodically connected 1n when this intermed:iate fractio‘h

' ,_‘}remammg 45-50%‘_.of crude polymerlzate ‘;i‘s, obtalned as overhead o The small quantity

,of hydro‘chloric ac:.d, produced i‘rom chlor:.ne compounds still remai ning 1n the f:.ltered

'.':'crude _polymerizate and liberated durlng the steam dlstlllatlon, causes:'heavy £OITO-- '




the aubsequent coolers due to precipitation of "ammoniur chloride.the elimination
!’

of which gave rise to new Vdi‘fficulties.

The condensati.on was therefore carried out in spray jet condenser 5 provided

with weakly alkaline cooling water in the circulation system. The only thing to be

""’”considered‘ is'.“that the head of ‘the column and the vapor line to the condenser must
be except:.onally Well insulated so that no condensation can take plaoe .in theme

Condensatlon takes place flrst 1n the brlck-ln.ned jet condensa'. Slnce this ‘con~

&nser normally operates in a sllghtly alkaline state but may be slightly on the

a01d s1de|through i‘aulty operatlon the brlcks must be cemented w1th Asplit which is

re51stant under both condltions.

‘ . Condenser 5 operates ‘as i‘ollovw._ The mixture of llght overhead, Oll vapor

and steam—flows 1nto the»,:v.nJeetlon cooler i‘rom the“bottom up, belng condensed by

The maJor port:.on of;the ‘

the cool e culat:.ng, ater flow:.ng down 1n condenser 5&.

the lower portion 1s

upper part o'f the Qoolmg towar is: fJJ.led Wlth Rasc "1g nngs

embo' 'ed as a separa ng un:.t. Thls lower portion of the tower or the outflow

; veﬁcontrolledﬁfro:u. the‘f inst_rux_ne _panel. !

:**‘3" e

,oi‘ the_water is regulated by dropw:.se sddltlon oi‘ the weaxest poss:v.ble NaOH solut:.on,'
paiat i : g

preferablv not stronger than 5,0, at the suctlon s1de of the water:clrculatmg

rom the total dlstlllate.. In the subsequent equa-11

efflux establlshes a constant supnly of reflux to the column Whlch is suppl:.ed

"through the pump ll and the prehe"ater { to the _head of the column. ‘_The voye_rhea_d

- 103 -
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'earrled out as follows- IR \ SR

: water;-seal’ '

goes to the storage tanks through the uppeg outflow linethrou.gha closed Laval
centr‘ii‘ugo 13 and ls then returned tol;th-e p'olymerization unitse Cerei‘ul dehydration
is absolutely necessary to render the overhead suitable for polymerization.

Diagram 57 gives operating data of the plant for a charge of 4,000 1it ./hr. K

With respect to the operation and constructlon of the Laval cen: rif‘uges the

:f;‘ollowing should be noted. (See Dlagram 5’7&) : ' o ' S
: The -drum is used i‘or both methods of: 011 puriflcation, s

as purlfler, y for separatlng two liqulds of dlfi‘er“ent specii‘lc grav1t1es (R—Oil"
, . ; R

L =

—. and dlstlllate)

s*clar:.fler i’or liouid ref1n1ng,\ that 1s, ‘for separating sol:.d matter such

. as dlrt and decolorn.zmg clay and /or small amounts of 11q.1 1d

.‘,' When thls amount 1s not larger than can be accumulated ih the '

P

sludge snace of the drum. .

The" assembly oi‘ the drum when used for the two methods of separation 18«

e Purifier»'_'-'ff’

O Clarifier’ .

(UPper plate : ——

" without meok

© v th neck

A Ty

Regulat:. ng dlsc-‘“ . without neck: a)

Iower plate P AT

ures of d:.i‘ferent

ot mlxt
: N
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' ‘Klarifikation)

- Unup-rur parifikation)
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b) In starting the machine the drum must be filled with the heavier liquid
(usually water) The liquid is introduced into the separator (in the closed type
after removal oi‘ the threaded bolt closing the fillinu opening) until it tlows by :
the look box. \ In this manner.a liquid seal is formed in the drum which prevents thre—.-
_lighter components from escaping with the heavier component through the water outlet.‘

'In. assembling the centrii‘age care shonld te taken that the plates -are assemhled
in the correct order (No. 1 below) and that the closing rings which aruronded with

left hand threads. are set so that “the markings register.

Crude,?rodnct"' R  Initial ’b'.lp. S - 100°
_n __ ' - . A ito. ,:"‘ ‘ 330? :".abo‘nt .4.5%"—‘_.
= i“dgo. - _ ::_,_,T‘ . 3820“
4 ' "":‘vMol. wt DR T
L e . S Overhead Dlstillate‘"; : R V120 SS OllaS 're'ei&tuef
-»-Bollln& r;ngg T 150 - 250° i 256‘1";%‘5566 R :

: h.e—SS Oll distillatlon 1s

o r:flushed with',air :t'or l m'.utes ' - a—rotarr'gas—blower the operation, is as’
ffollowe.

< 54105 =
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S011 der kalte CLam ‘a.-ln&.-t. -.-t... n'rt dic TerzoraturerhBhung nlbltnn-
~tindlich sehr langsam zu crfclgen (12 Tage), um: nim::udung :Ln Ofennnner~
Tk zW Voculden. '

4 “ASL:LMW nar 1n Goganwa.rt des llisisters. Vor jodem Zinden iss der

“Ten 15 Min, mit Luft = aptﬂm. ‘Bet. Vo:hcnﬁmtn aina- E’n’ea-ciblne' g~ _
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Arter fluahing, Ky 'is opened and K2 th::-otfied down 80 that a vacuum of 40 ‘mm, at the
. g v
xnout, reg:latere on the burner manometer. -The “torch is‘then introduced n'nd the gas

valve slowly: opened. When the burner’ ie lighted Kl and Kz are brought to their normal

positions, - Lo v ot R R

N
J :

ﬂ_ck Shutdown of the Plant

_l-.'« Shut ofr the gas as much as possible (oil outlet at 150 ) or cloee entirely.

2.‘ Recycle residue. ,'

3. Should the 1eve1 drop in the column, vcrude pmduct :le to be added by the feed

i pmnp until the sump (bottoms) appears again.

.

e Shut off gas

R AR

—— 8¢ Connect duplex pmnp to-residu 3

'~Becycle res:.due SR

" :The pressure rise of the recorder may- als6 be ‘caused by. clogging ‘or freezing of
S R N T T St R T o SO K 7 g

=106 -



one of the’ lines to:the reoorde'r.ta..

Electrode: . The dropwise addition of caustie: to. the. suction line to. the water cir-
culating pump must be regulated -80: thet the- MV—recorder doee not. drop below PH'?
(27 V), as this would cause: the circuleting cooling weter to become acid and- cor-...
roeive. Operation above 30 M\T ehould alao be avoided since with very alkaline ;water
the separating wnit fails because of emlaification d:l.fﬁcultiee. It is advisable

1ot to'use. aJ.lcali of more. than 5% concentration. vl R .'.':-::-.t,.-:,'”

Hydrocarbon vapor blow ofr at the head of the-' 1et condenser. the water c:[r- -

culation pump does not operate or the weter circulation is only partial. Add con--

denser water. i :,,:'



hopper having a’ conical bottom; the’ special precautione required ror blowing hydrated

1ime . :Lnto .the.main decompoaition- unit .are not’ neceeaery in’ thie case "since the refin-

ing agitators operate at atmospheric preesure and no vapore of lower boiling liydro-
N

carbons are evolved. In oxder to minimize dust the very finelv powdered bleaching

clay is: not blown in until the agitator -has been completely filled with oil- the ‘

' inlet pipe is kept eubmerged in oil.

L Refining ia complete after 50 minntes agitation. -, The' bleaching clay is filtered »

can begin. : In this washing process it has been round of advantage to. lim t the per—‘-i

o i




misaible moiatu.re content or the bleaohing clay to about 8%. .Acoeau of mbiatur\e'

during the atora.ge of the bleaching clay ie partioularly to be avoided,

_ Table 59
Dist. in Vacuo to ‘ _
150° - ‘. Wit. % S N ‘.y.I,_"‘ o Flash pt. Solid. pve
2.4%8 . Y1309 . es.8 . 1 '132.0 14s . -53
=="e0 . ‘,~-”1zo°,-' . eausc - "1.8& . 1808 . 158 -51
a0 emwo - 1,94 - . 126.8 - | 169 48

CINT400 h e THEIB0,0 L 2e08 1 ‘,125.% C 176 e - -4




dgo . . - 0,8510 -
vis, at 38° 125,3 E°
: 99° - 5.39
V. I.~_' o 80.2 ' -
Flaeh point. 185
' Solid, point’ L .23
Coke'Yest - " 0,63
dcid Noy - 0.1
Sep. Noo "0417
Iodiu'e’:;No': ' (Hauue) o 122 o
Ani]_;ine*jdint —— e

Owing to its high iodine number it wae first attempted to hydrogenate the o

B-oil over “the: eolidmcatalyst 30%6 at 10-18 MV. It was fmmd that”_the catalyst wae

.' very quickly exhausted. An 1n ease in the hydrogenation temperature did not pro-“

1ong"'the.lif¢,of 'bhe, catalyet The used catalyst was partly crumbled e.mi partly
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‘Neutralization with and withouy Hethanol

Date - Exp: No." ~ Conradson Test ‘ “-Todine Now

-tz os2T U euss T les”
N I ©+0.216 _ 17.1.
o T IV - 0,287 C 17.4 .

"3

B3 I .- 0.1877 - . 1648 I. Plant semple of seid ofl,
II~ ©.. 04200 ERS 27. - ) :ln l&b. + 1:I.me. —
— R L ' . R & Plant sample of acid oil,™

e c e 2

i T - in lab. + methanol + 1lime.

“-';0.242
g 0.285

-8-11-42

. Plant sample of acid oil
in plant + lime .

Plant sample of acid oil, :
. in ‘plant :+ methanol: + lime.,




Inaddition thers 1s.obtaimd 5-parts of &
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of 68%, having the following properties.

~dzo - P, vi;‘ - 0.881
° : .
Vis. at 38 c ,~16868
- 99°C . : l1.816
Flash point ' . - 163
Solid. point ‘ . =35
Coke 'test - L " 4.55
Acid No. .. 0
Sape No. . . . .0
Iodine No. : o137 -

Aniline point ST T 143

. it
- o Uy

In. comparison with the raw material it will be seen that the viscosity hae
dropped coneiderably, that the V.I. ie still poorer, the coke test very high while
the . Todine number (Hanue) remains practically constant. It ahould be noted thet —
vthe solidirioation po:.nt has dropped from -1 to -35 Yy The moet important fact is

: that the coke-forming conatituents of the ~RR-oil are not removed by hydrogenation. .

The attached Table 62 shows “that the RB—oil, : \comparieon with the R-oil 48

¥ characterized by A high content ' :f.' aromatic~hydrocarbone. _’l‘he 1atter are reeponeible

for the high coke value.
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RR-oil.and the latter blown with air for 2 days at.20°, not evern a trace of oxygen

is absorbed, as is shown by the following elementary analysiss

' ., Untreated .

“RRe01l’

: blown with air-

for 48 houra‘

CGarbom e el gy e0n i
-Bydrogen. .. - = L - 10, 520489,
S ’..‘, ’ oo e - . 1.25

Oxygen

1.87,10
1k 10'_7.2
_1.23



a .

characteristic series of tests is reported, as follows:
T P S cee Lot . P e [T

Hydrogenated with _ ,

Cat. 3090 at 150 not hydro- . . e e =

atm, Hp and MV, genated. ... S-MV_.....\. MV ML B L 9 MY lO My

Density at 200 - - 0.848...0.848 . o.a«e,. 04846 . .. 0,847 .. 0,847 . . ' 0,847
Vis, at.+.99° C . 2,95 ,.,_z.sa' (2.9 2096 . . 2.98 . .2.95 . 2
T +80% T -14,6— 14,3 ! 14,5 144
+38°C ° T26.2 253 25,8 . 25,8 -2
+20 " 77,5 78,5 : 77.3 75,0%° Lt 7By5-
S QMo A BR . SUh CRLEL g o e
-10 84l 1448 . 1344 T 1495
-20. . _'2690» 12580 6 e e 10600 '

‘3 3.3 3
i

Vo I. . " 121.7. 122.6
Solid. point =380  .-16°
FIash point » ';,@.‘169‘9 174°
Tofiine~ NP-~ B2l i
Conradson test ;114 10,038,

__. ._,_.M..___

: COmplete saturation was obtained under




By adding Paraflow to the product hydrogenated . st 10 MY shown in the last Table
the viscosity at low temperatures may be improved :as follows: .

oc ,“‘, oo o o ' ‘
voo' T A'Ar 1 ,_ el oo . -— 362 : C,'_-l‘; RN T ' RN i ,:i,":\’“ 540 S

_150' T RS P D L mam LTI L
-3 L 1osoo
= 30° . coTT

,Viscosity;
'_+ 990 S

L

Caas o aea0
o oze o a0
2.2 | 4560




Moditication or the’ oils by &baequent Polymerization

their the:mal reeistance end ‘1imit their thick:ening, the resulting crude polymer-

. izates should ‘be subjected before their release from the autoclaves to subsequent

heating in the presence of the still reactive addition compound.
'.I‘he first experimente of this nature ‘were conducted in a a 1000 1iter autoclave

in February, 1938. Arter completing"the normal polymerization at 110°, the" entire

contents of the autoclave were etirred for a few hours at 130 .or l40° u.nder the }

_remaining pressure without addition of more’ gas.f:‘ '.l'he A1013~addition compound

: (about >14% referred to.. the finished oil) contained in the erude polymerizate should

'~then acti‘as a condensation agent. A few of he experiments are shown in the follow—




An attor-polymorization waa conducted 1ater in tho aame manner in a 4500

liter N6 autoclave at a higher Operating temperature and with longer agitation.
The SS~0ils. thua obtained were tested. for stability to oxidation. 'I'he oxidation
conditions_wore as follows. 255 g- SS-oil were treated at 170 for 200 houra with

. . - |
10 liters of air per hour. (I/1271).-

EREEES TR I B T :’”;”v_fi"sSJ‘-oil'Analy.ses .

}ngénepqiinérization ' Oxidation /99 ~V.I. Solld. Flash Acid., Sap., Carbon -
e e R ' . pbe; ' ptes No. No... =

Sample after com- s . R T R e e
pleted polymerization < ;-Untreated 4 55 ..10846 - =B4: - :,.-,;2,189,;-:(O.Q».f;',0,0 .70.026

L I T

*Oxidized : e, 2
- ,71751f20,61_40;§52';

without additional
heating L

4 nrs. additionsl . :'Zj,,Untreatea 5.52 1083 35 {221-9110;6”~v o o “o. oso
heating at-1550" - . :0xidized.’ ST S R ;
- ey 200 hra, -

oe 19.58 o 817 ;

10.15

110hrs,’ additionsl

Oxidized:




D.114

"Operating loss..:

VII. Sumzary of ‘Production An Leuna 1938-1943

The following table gives a summary of the oil yields from 100 parts of

ethylene by weight in the various autoclaves.

) o | Table 65

45 1it. .. 0 71000 lit.. . 4500 nt.
sS 0il “ 8 " 98,4% T e T . 76, o,o :
Light Distillate e 710480 9807B . e.e% 91.4% . 7.7% 91.0%
.Residual 0il - e B0k O Be6% L, '-.74575 R
Unconverted Gas™ '~ - - —  2B%. T . . o BeR% BT
— ! 3.7% s . : : 5'4% SRRRTIET ‘ o 9.3%

The figures for the 45 llter autoclave are taken fromxan.experlment made»in 1936

B in Op 140.. The‘flgures for the 1000 liter autoclave are. taken from Y number of- .

e completed batches, the balance for the 4500 liter autoclave representlng monthly.

averages.;vﬂ ?“'




In 1942 for the first time 2.6% had to be shipped with & V.I. of 106 (according to

. RIA’ epecifications 107 is the minimum required-)'. In the first half of 1943 it

-became necessary to release two tank cars (=0.'7/:) Wﬂ;h a V.I. of 106 The bulk

of shipments during all three years had a V.I. oi‘ 108-110, but values in excess of
p. 115 llO were, also attaine d. The goal for further research w-rk must be to bring the
bulk of production to an average V.I.rof 112, or higher. Thls goal can be reached

in the first place by perfecting the gas purificatlon and, in the second- place by

K

. improving the alum:.num chlonde catalyst.

R R ‘ _VIlI. ‘Summary. of Specificatione' for the.
. .Various Products of the SS 0il Menufacturé.

Lo ‘l'he main product was SS 906 o:.l. ‘l’he' técnnical:epecil‘f'i'ea'tioneldf
. the RIM are -as follows' S LT e T

- :The lubrlcatlng oil. st be. clear,
- free—from undlssolved water ‘and

" mineral adids’end-should contain
DO forelgn SOlld matter.

Appearénce .

o below O« 862 O
.. 334-350./cst.. = 44_-4@ E°
_at.least 4203 cst.i= Se
R _above 107

alvti below 3 ,05‘

L'J

‘Bearlng Constant \"m"
o Pole: height Vp
o Solldlflcatlon':po:.nt

at.2500 %: b_y whe

.'Gonradson test "
: Ash- Content RS .u,,

o Har .,Asphalt "
"

Water Content



- For use in airorai‘t enginea SS 906 oil is blended with an equal waight of

a ,min_eral oil component which should have the following properties‘ :

,Density at 20° o —— . below 0.897 . .

Viscosity at +500 ' ; . 51=60" c8t. = 6.8-7e 9 &
: S %100° . at least 9.35 cst = 1.77 E°
p. 116 Viscosity index ) at least 88 T
Ce— Bearing constant "m" T 7 meXe FeG6—- . — —
Polé -height™ 2,08 - -
Solidification point . o 2152
Flash point = - o min, + 2259
‘Fire point T Com 4 2589
Neutralization number, ' . maxe 0.06 S
. {mg KOH/g) " .
v-&pomfication number, . " O 1’7
- (mg KOH/g) "~ I B
- “Vaporization jbest Noack - at 250°C % by wt. max. 14
.. Gonradson - test ﬁ by w’c. o L0 mAax. 0.25 :
..Ash-content - L L0 co

- Hard Asphal'b S P ' )
‘.'Water» L

The finished blend (about 50 parts by wt. of 906 +. about 50 parts by wt. oi’ y

mineral oil + 0 2 '% by wt. of 1nh1b1tor) should satisfy the followmg requirementsr

Den81ty at 7 20° S el T mAX. 0,895
Viscos:.ty #5020 - B T 125-145 cste
LM e 100 LT 21900 cst.‘— 2.'75 33—
. -"f;';_‘l'r'idex " .
-Bearing. constant
' Pole-heizht™ Sty
Solidification point :
TEl'a‘sh' ;pol Y
wFire poi : W _
Neutralizatlon No. ,mg KOH_/g . L
" Saponification No.,mg KOH/g: i - ...
Vaporlzation‘t 't ! Noack—v —
o - T

Mater: content o



2, In sldition to the oil of 6 E°/100, &n SS 903 oil of 3 E°/100 was manufactiwred.

'This oil should satisfy the following requirements:

Pe 117 . - Density at + 20° - below 0.860
Viscosity at + 5o° ‘ R 106-114 cst,=-14<15 E°
: "+ 100° ' » max.. 21 cst. = 3 E°-
» .Index ) " min, 115
Bearing constant. ’ ' max. 3,20 : ‘
Pole height . - ‘ ' " "1,60 ‘ .
Solidification point nLsg0 T
~TFlash point ‘ . . min.. 200°
'Conrngon _‘best S . .. 0. g_{)_ o

. This SS 903 oil is not . directly used asa lubr:.cant ‘but is first blended with

esters 1n order to produce tne following o:.ls. '

L | Air Torpedo 011. S S LTE 12-
R \ - Lubricant for LT Equlpment v L VB
ST Breaklng-ln and- cold-startlng—o:l.l . 8571600

‘.;Ihé’: éoix.xpéé,if.ié;is and spec iffj)cations_t: fori theée "'oi»lls ‘a'réj: L

. a) For LTK 12- Compos:.tlon-n'v. e

‘Dens:.ty at + 20°° R e e ~below o 910
VVJ.scos:L'l;y at + 200" o PR 87-95. st =.
. S s ‘1000 : s
vSola.dlflcatlon po:.n‘
'Flash po:.nt ’

Densrby at + 20°

‘Visc._at #1500 A_gﬁ »

oo Tin e 1000 e

: Sol:.dlfmatlon po:mt L T ”60° o——~
Flash'point = ponet - above #1807

Neu’brallzation No. > mg KDH/g T below 0.20




p.118"

v viscos:.ty at 99° should be betWeen 2 5 and 5 0 E°.

'- ,5 The hlgher

¢) SS 1600: Composition: . 45 parts 903 .
o e 55 - " Ester 515

Mesulfol and KSE are added to 100 parts of this blend, but the quantities

have not yet' _i:een estebliehed. ’ )

Density at + 20° ' : . below 0.900 .
Visc. at -+ 500 _ . 23.8 - 27 cst. = 3.3-3. 7
" +:100° , _71};1& 6325-cst. = L50-E°
L =Bl o not above 7600 cst. = 1000 E°
’]Solidif:.catlon point = e below ‘550 -
Flash point .. - .~ above.200°

_Neutrallzatlon No., mg KOH/g A be_:!,ovl &20 L

“,

For the ﬁlrtner development of the three types of oil llsted u.nder 2a, b, and

“c the goal‘set—for SS 903 “polymerlzatlorr should be.v to 1ncrease the V.I. above 120,

The

w1th a solidlflcation po:.nt below —55° and a flash point above + 200_. ' .

RN

/130111ng constltuents ar "b"distllled from the total overhead alst:.llate
- of: the crude SS pOIymerlzate.‘ These constltuents have y R

-“_.eand ane stlll liquid below - 70 . '<_They areﬁ LS

<an :Ln'&ex denotlng flash po:.nt.

These V—on.ls are used as: blendlng comnonents

;:’If“f b a quulrl ;aiydraulic Oil'"
i b);;Ordnances. 0il,; Blue 44;

g _.‘.',G_;o:ﬁi)oéi"t,ion S

‘_‘and 10 g phenolphthaleln :
per ton of Do 2000 N



p.1l9 Density at + 20° below 0. 850
Visc. at + 20° . above 9yl cste =:1.75 E°

n_.~.80° below 4940 cat. = 650 E°

' oo  ="70°

ab0ve + 120°

_at 20°, below 12% by wt.

5383, 7) # 0 to 2 vol. %G arter
.. 84 hrs. at+80 c -

) Solidii‘ication point

Flash point

Veporization test, Noac&
Swelling with _l_lg_. 'material

IR DI S " - 5344,7) :
. _Neutralization No., mgliOH/g . . below.0e2 . ... ., -
» ,Saponii‘:.cation Nos, - above 50 s '

TO'-satisfy these requirements v 120 must have the_ following propertles.

[P

N vDensity at + 28 0. 816
o Wise. at =60 o 330" BO-
_ S ge® oo 1171 ES
Solldlflcatlon pomt . below. -70°
" Flash point -~ ol T -vabove 120%
'b) :Ordnance0il, Blue.44: i Compo 't:.on- 45 parts SV 20 _
B TR S AP 45, " 2455 Bster,

3 pts. §'=10 " - 'Mesulfol II"
04 : Sudan. blue R

o Tables 69a,-b ah& e

Dens:.ty a'b * ZOOC _
f.:‘ ”_____‘." ‘—600 s SOV R
: F]ash po:mt s

1. for'2 mbelt
" "o S
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Table 69a
y ‘ Blends or SS. 908 + v 120
p. 119 a ‘
Blend Vi s ¢ ‘o 8 1_ tb',y A Fl.pt.  Solid.pt.
55 906 V120 209 380 50° . 99° - v.I.
100 g - . B32.9 . 9l.3 . 45.1 6,01
'97.5. 2,5  268.,8  — 75.8:--37.5 5.28
95.0 5,0 219,57 63,8 32,3 4,81
92,5 . 7.5 . 18l.6 93,5 28,1 ., 4.42 .
1 90.0..: 10,0 . .149,7 = -45.,6 24,00, 3,97
87,5 . 12.5 . . 128.1. 38,7  20.63. 5.62.
85,0 15,0 * 1021 33,2 17.40 3.37
—82.5 71755 Y 85.5. . 28.4 . 15.47 3.06. -
“ 80,0, ' 20,0 70,8 - 24.25 13,51 - 2,82 "
7745 22,5 59,7 - 20493 | 11.85° 2,62 "
75.0 25.0 50,0 717,90 7 10.32: - 2,45
72,5 27.5 42,2 . 15,53 T 9.07 1. 2,31 .~
—70.0- . 30,0 359 7 -13,51 " 8,027 2,20
6745 .- 32,5 Bleg o0 11,93 7.1, - 2,06
65,0 °.  35.0 26.4 10,54 6.57- | 1,969 .
62.5 ~ B7.5 . 22,64~ 9,12  5.75 ‘;_ 1.874 .
60,0 . . 40,0 19,5 0 7.86 . 4.92 1,778
57,5 42,50 7 16433 L 6,88 - 4,41 . 1,705, 13
55,0 : 714,03 . 64067 34923 1.643
5245 12,18 0 5,42 3,59 .1 11,588 | 144
104517 . 4,78 3,24 | ° 1,536 T I46.8. . °
Table 69b ‘;E‘fj T{f‘«f = S
p. 119D ,fi;‘ Nt Blenﬂé of ‘s 906 + v 120 '
ha “~Blesd | y;ﬁ
.85 906 Y 120 _ ;
47 5 g 50% 5 g 9462 3,06 1,511
“45,0 5540 ¢ 8.15 BB U LaAB6
42,5 . 575 7 47413 " 2,53 ‘A__J_.v,’_420‘
4040. " -160,0" 231, L3721 15747
B7.5. -ez 5. 2,08 1. 52& 157 .2 :
55,0 " e5.0. o7z 1,305 =
,.s_z‘_.,.s; 87 5 1,873 1.279 8
B0.0. .. 70,0 < "1.780.: " 1,256 e
8745 72,5 15695 : 1.237 M
. . kLN

: 1612

Lo 210

”
" ‘ 1._ l. 111‘"‘_. n
5.0 14296, 1,099 "
£ 1.263 1,086 "
-‘_,1;2§9 11.078-1 o "
: ST below




Table 69¢ -

P.119 c. Blands of SS 906 +V 120

Blend e T . Fl.pt, Solid.pt.

36 50”99 - V.L

108.3 . 2358° = 33
S 11l.4 0 -108. L. = 46
(.114,4 . 165 . =50
) ;121'5: .v/'lsl» - 52 .
118545 7185 = B3.-
. 138,7. % 183 . ~-55
.. 142,0 -, +150. ;. . - 66
£159.0 0 146 - ,r'71
150,377 145 1 T <
147,40 141 " _pelow: -75—
Pem s 159 R -73

100 g © e 359,23
90 .. 10 . 179.8°
“80 - . 20 9443
.70 . B0 . 5249
B0 -, - 40 ... 29,5
50 - - .50 16432 .
40 T80, 104810
Bo om0l 6,85,
520f;.,_,“,j80:}“1' 3. 97.?.5}[

'Solidif:.cation p‘b. o -t 1east’-. 500‘
. ‘Flashspte - e " above. + 140%: "
'Conradson test. . = . ' beépw‘olz R

[P R,

Y-Journal=0il; ~ .: = Composition: = - . .-'.60-parts:R-oil
' B e ST
"ESter.504
«Sudan Red

80
0608

’ »belﬁw“EGO*Eo

i Mo 409 .. Dbelow BB00. o
Solldlflcatlon pt. STy belowe 609
- Flash pt.‘ ST f_”ﬂf7~f?‘;;above 140°

‘ ?Téﬁle 70 a aln summarizes the propmrties of the ethylene lubrlcating oils

*W?ﬁesQribéd;

- 126 -
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Viscosity Indices of SS 906 Shipped to Wii’o
. T end Numbex. of Tank Cara.‘~ :

2114 ‘-;‘I'otal of

V.I.  bove /106 107 . 108 = 109 09| :11‘0-,_;,_“
| — BRI S Tank Cers

| No. o'f"Cars[-‘ 1oa s
) vl .'..%._‘ - ."".“.- .>

No: of Card - 7| 10" |'89

1940 v )
" Y SRR P 5 e

— | Wo. orcars| - |25 | 80 - . _
i K=Y Y ST FER N SRR N R ’ 1
Tl e '-f’%":} sk o8 1028060 - 28Le5 [ 3 o -

_.‘,‘:.VVT‘a'nr; fNo,."of: \_C_ar-é{ 21|28
B ;9%5 s
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