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ATTACHMENT V. .

HE ETHYLENE~IUBE OIL SYNTHESTS
ITS DISCOVERY AND_TECHNICAL DEVELOPMENT

by H. Zorn and coworkers

Part I deals with the discovery and 1aboratory scale development of
lube o0il synthesis from ethylene. —This work, —carried out in 1934-7, wasg the
basis for the construction in 1936 of a pilot plant at leuna for the production
_of 700 T/yr._of lube 0il SS5903. Part II is devoted to-a _discussion of this
pilot plant. On the basis of results obtained on a semiplant scale, plants
were erected in 1941 in Schkopau, Heydebreck, L‘loosbierbaum and Leuna.

.PartI R .

.. The laboratory development of this process _eyolved from studles of
the AlClz—catalyzed. | polymerization of gaseous ~¢lefins “from high pressure
hydrogenation of coal tar. Allenet's patent (IRP 402990) on the polymerization
of olefins to liquid hydrocarbons by means of a suspension of A1Clgz in .
petroleum ether served as a starting point. . McAfee ts work (USP 1608329) also :
showed that lube oils were produced from olefins in. cracked ‘petroleum fractions.,
He recommended adding Hp with the. cracked .gases. to increase catalyst life. -and
suppresa coke—formation. The McAfee process was "applied to coal- tar fractions .
by Fabrik Weyl & Company (IRP 341686), and at Oppau 1t was appl:.ed to oil from—'
high pressure hydrogenatlon of coal tar. - .

s —ia / . é;:l“"

T A seml-scale plant was. constructed at Oppau in 1929 to polymer:.ze
olefins, which were obtained by. eracking of hydro plant waste .gases at 800 C.
‘A lube oil of the follovung properties was . obtalned- : , .

“Spogr. (20°%C) " . 0. 947 o wI. a8

 Vise..°E 20°C g0 4 SEES " G R 0%
Visc. "E 38°C 20,5 . WP oo 4461
 Vise. °E -50°C 9.3 ~ . . Flash Point - 193°C.
"= | Vise. °E '99°C 148 % Pour Point: .  -19°

. ‘ o N _ R Kokstest At 0 08

,The work was. discontinued_m 1951 ‘but: was: resumed in- 1932—64;" At that tn.me the
gas phase cracking -of. para.fi‘:.n Was. be:.ng :anest:.gated, ‘and it Was " i‘ound ‘that’
"Yiquid -as well-as gaseous olefins from this process could be converted to lube
oils. o S . S B R :

SR In prel:.minary experiments cracked gases were led 1nto a 5—necked R
~flask containing a stirred. suspens:Lon of A1Clz 'in: ligroin. Absorptlon of olef:.ns
sets in even at low temperature, as shovm in Table Ls o S

!

""Date Exp.No. Ligroin A1015 Temp. "Time Feed Resld..Gas Absorbed .Ges

1952 KV ) S - I go C ‘hr52 lo . ) 1. - . g-
.11/15 9 200 50 180 _‘5.'5” v.,‘,lsl g 114 SIEENEREEY', S
13 T oM orq0 4 o 188 94 o 0 47 T
10/28 - 5 SoUge= 1800, 105 e 89
111 el -85 150" flos, SRR - S
12/21 12 2,25 ¢ 152.._,7 12 . 59
12/19- 11 g5 ..0180. 0 1100 27
1/11 8 ~5.25-°156 119 129

P
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Olefins in the ¢racked gas were about 554, in the residual gas about 35%.
Recirculation of the residual gas led to no further abs orptim (Expt. No. 6).
A material balance for Expt. 6 is as follows' ,

Table 2
Feed (150 1.) Residual Gas (105 1. )
. i.___Vol. % . ] Vol. %
o 0,00 © 0,00
0 ' 0.00 - © 0.00
co N 041 7 0.11
Hy' R 5 4,41
CoHy ‘ 35.50 . 7 243307
CzHg _ . T 12410 - 3,79
C4Hg : 4,20 . 1.07
CHy. ° 23,15 . . . - 31.00
 CoHg . 16.33 L 24.50°
CzHg - T 36T 730
I Y < Co0 0 1.00 : -1.81°
4o ~LeOL N .
_L_...Csng' P 0.06 ,0485 .
B Olefins Absorbed
; -1 , . Z—Absorgtlon
CoHy St apg »{"\ T 34
. GsHs s . m
 Cafg 1B.0 - 8

Table 5-s.hows some results obtalned m 1954 in a somewhat larger
apparatus under 2 atmospheres-pressure- . Q i

| S : Table 3 AT o .;_._L”,:;'-___' N
Exp. ngrom" Alcls Duratlon ' Gas ‘Rate 'Teﬁip"ifx?' . Product . ° S
Ne. 1. g~ _bws. ' lo/or. C_ g BS99 T
90 7.6 .. 1000 16 _:j 720 2450 1.69  67.4
8770710 10 . 1800 . 1920 © 1,59 9.2
‘g8 .10 L a00 1550 1.49 2943
.89 oo ’_“%;400‘0 s 1

* - Produc , boiled boveyl?O ciat_lfmm.-_fﬂ} 5f%f f

1 :Ln these runs led to the more fundamental study

",_"vThe ve.ryn.ng..quali Y pro
,of polymerization of pure oleflns. S g B N s
" : olmrlzatl n of Propxlene ,' "_‘{

el Propylene was flrst mvestigated because of its easy ava:.labihty.

».'I‘he apparatus .consisted, of a2’ Titer S—neck glass ‘flask equipped with stirrer,
‘thermometer and ‘condenser. Very -efficient stirring ('700 _@1.1) was, obtained.
Operating conditions were as follows: RN BRI \



Temp, 60"65°C
Flow Rate 32 1./hr.
Solvent .. 300 g.
2201y 30 gs

Table 4 shows how. the properties of the propylene polymer are affected by the
choice of solvent: (A11 polyuer properties obtained on fraction boiling above
170°C at 1 mm.)

_ ' - Viscosity °E
Exp. No. . Kind of Solvent : . _38° g99° VI¥
... 28 - Ligroin i o - Bl.2 2.54 ©10.1
46 ) Petroleum- —_ T ) . 5245 - 2.70 29.7
47 - ~ Pet. Ether .- 51.2 2.52 5.8
48" . Normal Benzin - ' 96.2 3.35 10.7
27 . Nitrobenzene = ' - 9.28 1.58. 28.0
120 ’ Dichlorbenzol ‘ 93.2 3.34 16.0
© 24 60°/130° Hydrog. Cracked Paraffm_, 85 . 3.37  3l.4
45 . ~200° Hydrog. Cracked Paraffin- T R7.4 02,37 0 75,0
-=5R Paraffin m.p. 52° .. =TT RTWS 2.30 6545
37 >200°C Hydrog. Cracked Paraffin oL 78.1 3.39 45.2
142 .. - " Polymer from Run 45 L S 182 1a.28 . 46.3
124 . " ¢ Forerunnings: from Csﬂs—Polymer ~. . 80.5 '5.66 . 60
70 .. n-Cghg - 90.3 3,58 - 37.4
71 - i-CgHg T <. 79,5 B.25... 29.8.
fRa . . ﬂn—Clzﬂze SR s 100 . ...3,83 . 45.2
73 - | iCiaHog . S ,-91;5; 3758, 40.0
58 LB 56-6—-Hydrog——Cr&cked Paraffln D RBGR T RW3R 6542
58a° - Solvent Dist. from Run 58 54,0,  2.94 54.0
58b - - Solvent D:.st. from Run 58a. 74. O B

f.‘41. . ‘54. 0..
¥* VI values wére deternn.ned accord:mg to Dean & Dav:Ls, Chem. Met Eng 56,
"_618 (1929). Vlscos:Lties were measured in a Vogel—Ossag 1nstrument.

o Table 4 shows that VI of product seens” to inerease” w:n.th :mcreasn.ng '
boiling point;of hydrocarbon solvents.v (Note ‘the’ h:.gh VI .obtained w:Lth hard
paraffin as solvent ) 'The .reason for “the: profound effect of solvent “is: ‘the -
mixed” polymerlzation (alkylat:Lon) of ‘the solvent with' ‘olefin, the so—-called
con301nt polymerization of ‘Ipatiev. “Thu§y the ‘isoparaffins in: ‘Table 4 reacted
more - readily than the: normal paraffms, vihilé the VI's are 1ower for the: more:
highly branched paraﬁ‘:.ns This” concept of: lower VI for the more hlghly
_branched product explalns ‘the variation in VI'with’ b\.p. of: paraffmlc solvent,
the comparison-of iso -and n compounds as solventsj and the userof %olymer it
self -as solvent. In the latter case the branch:mg of the c cha:m f~the polymer
is mcreased. . ; . A : :

g Influence of gas veloc:.ty, amount oi‘ A1013 9 amox.}nt of solvent and
temperature on: product quality are shown in Table 5, in:which ‘the- solvent is:
.2 >125°C fraction from. the hydrogenat:.on of cracked wax: recovered from. a. pre-
vious.experiment. .-



e
Table 5
Exp. No. Solvent Tempa AlClz = Gas Flow Poly. Prod. Viscogity °g¥
: 1. _°c go  1./hr. in 6 hr., g. .38° 99° _VI
43 300 65 30 16 . 140 “34.8 2.52 64.5 -
58 n . " .32 320 28,2 2.32 65.2
44 o _ v _ " " 50 385 ~30.2 2.37 62.6
101 " " " 1150 1250 'Bls3 2.45 69.6
0 . oo " 15 52 300 . 30.6 2.45 72.7
51 - 30 n " 325 27.4 "2.37 75.0
41 " " 45 " 310 42,3 - 2.68- 58.9
56a -~ 150 " 30 " 300 - 44,7 2.68 51.8
58 300 0 .M L " . 320 28,2 2.32 65.2
57a . 600 " " w313 31.4 2.41 #5.5
75 300 20 n- v 337 T 17.3 72
74 n 38 wo “wio 328 T 612 11495 65 -
76. w50 LA n " 314 190 5.39 41
86 . Lo 80 " S 350 126 4:37.747.2
77 coow 70 oo 229 - 71 3.15 3647
78 : n go . mo o om - RO6 4.6 2.56 36.8°
79 o 90 " w7 228 3.9 R.24 R8.0
- : 12 hrs 5= . iy e ST
91 " JLQ 'éﬁ’ T Teel 280 6.88 46
94 , w. o 40° 90" e 186. 7. 49.5 .68 36.3
X V:scosﬁ‘a.es obtalned ‘on fractlon b > 170 Cat 1 mm. N Tl

Thns table. ‘shows that (l) propylene i‘eed rate is w:Lthout efi‘ect,
(2) excessn’e quantlty of " AlCtzcauses poor VI; (3) above.a certain point
quantlty of solvent is unlmpor%ant, and (4) high temperatures produce 1ess -
v1scous polymers of- poorer VI and poorer y:Leld. LT =, .

In Table 6 are ln.sted experlments in wh:Lch varn.ous types of prOmoters
‘were added to .the AlCls Condltlons, except as noted, -were- sn.m:.lar to the
l'standard" cond:.ta.ons m Table Ba” . \ . s

3 '_;f L : = Table' 6_ .
Exp.’ No,. _A1015 Promoter SR »Temp. Poly. Prod. Viéc. of  >170° Prod.
ol iy Be K'inﬂ ountii 'ga o0 1n 6 hr.,g 58' ‘ 99° VI
‘80 - . 2307 ch12 i 40;9*1 610(9) 14.5v;a71*
g e “ll e M el 883 T GRL 85
B - F R L A B0 : ,1;0_1' 3,48 1246
B R «A_Nac]‘.. : \ 40 L R0R 643 66 -
85 £ S w3y - 248 6494 65
102 .0 M 8iClg ¢ : CeoB0 T :,_279 P 9Be6 3461 Bled
CLOB s we “.'-T1C14 T RS9 117 4,04 ~738.7

v e Reg 10T 3488 B6eR.

96 M FeCly o 8 - L
: oWl peRt 170 540274140,

S 5 BRI RS T
106 . wl..Fe powder ~_ B0 U lem il 201 21101 4,04 5544
200 1. o o owewooo30 7o 216 117 - 4.48 - 63.0
‘204 - .om . FeS .. o XToouoomon204 0 -78, 6 3.37..25:9
155 ¢ " - TTonsil AC N6 Bt b © 64.8  2.92 2645

TR T T R 10314 —5.85 . 42.2

-
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Evidently none of these additives improved the product and some were
definitely deleterious. The effect of water on the catalytic action of AlClg
was also 1nvestigated and is reported in Table 7.

Table 7 -

Exp. No. AlClz HpO Temp. Duration Poly. Prod. Visc. of >170°¢ Prod.

g. g._ _°C hrs. . __ g. 38° A 99“ V1

86 30 - 60 6 350 126.2  4.37 47.2

68 - " — " Lo - 288 . 122.5  4.04 . 32.4

68 " 0.1 LI " 318 94 ' 3.72 46.8

-7 on 1.0 LIS w o -206 . -134 4.53 50.0

88 n 2 e e 271 88.,1. 3.88 63.5-

T 122 n. '3 LI " T e76 97.5  3.88 -~ 52.5)
3.7 0 4 " T ' 268 , 94,5  3.61. - 36.1)

128 v, 5 3.27  36.6)

n 4-1/4 1i83- - ’,77.1_

| % Solvent dried with Na.
#% - Upon long standing a solld polymer of M.‘h. 1800 separated from oils:

Effect of pressure was studled m autoclaves and J.S reported in Table 8. '

: e Table 8
Exp. No, - Autoclave  Solvent . AlClg, Temp. Py etm,. Yleld Props. of ‘170" Prod
o . . CcCs - Ee °C cc. E°99 2 S
24 . 5:1.0y2A 2000 185 R0-70 . = .2810. ~4.64 " 45.0 -
a7 T Two Twlog0 4.5 7.04600 . 3382 . B7.5
85 . w. . om  m 2090 11 .4800 . 4.46 . 5B.7
39 0 o me " A 18 4860 - 4,81 - 3l.0
20 . . .M . 20004 " wooo 4,5 4250 (6.66. 50
34 B R o BAUEEIR ..'4850 5.32. 50+
B "—~ L 2000B: M M S 4100 . 7.24 60
a2 1 ‘Fe 10007 : , . 2650 5.23 " 36
43 By " AL f.2580.‘ _2-57 LRS-

j-The solvent was a’ 180/250°' , _ -
,-"solvent" in Table\ 8 A refers to fresh. ‘solven b fresh anhydrous
solvent. In the other” experlments solvent ‘Which had been. used before: and which
contained some polymerfzat:mn products was used.. Eva.dently the fresh. solvent
:is. superlor. Comparlng Experlments 24 and'4l 39 and 43 it is! -geen” that:
high p Ssure lowers v:Lscos:.ty ‘and  decreases’ VI. “The: nature of the autoclave:
‘material apparently does' not influence’ the VI of - propylene polymer. Effect of .
adding other substances.to ‘the solvént was: :mvestlgated and. summarized ir
Table 9. . (All exper:u.ments us:mg 300 g. solvent and 50 g. A1015 )
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Table 9
Exp. No.  Additive to Solvent Duration .Polymer V:iscositz of >170° Prod.
Kind Amount, g. _ hrs. g 99 VI
82 Stearic Acid 3 6 - 315 303~ 7,40 55
g5 CHzOH ' 2 6 260 85.3 .3.43 40.4
1107 CaHgOH . 8 6 75 - 26.4 2.06 ---R4.8
118  Cone. HC1 2. 6 . 321 102 — 3.76° 37.1
162 . - Gageous HCl : 5-1/4 237.  92.8 3.68  44.9
156. n~C4HgCl 4 - 80 . 3.32 35.9
153 -CHzC02C2HS 2 5 128 B87.5 3.56 43.6
154 . CHzCHO 2 5 156 119 -~ 4.04 36.4
159 CSp .- : 1T e ~TTlge 117 4.11 - 42,8
< _

None of the substances added was. of beneflt. However, the VI was :|.m_proved by
jdding higher M.W. oleflns from wax cracking, as shown by Table 10: - .

o .~ Iable 10
Exp. No. Solvent AlCl5 L:Lq. Olef. C5H6 Temp. _Visce oi‘>1'70° Prod.
. g- Ee ‘Se . :.C 38 99 i VI-
18 300 B0 0. 240" 60 3046 2.28  45.8
98. - . 0 15 .80 '2404:-% 100 44,4 2,97 78
1103 0 30 - 100%. 260 65 ' 99.5 . 4.64° 82 .
104 .0 300 - .30 100% 350 - . 65 329 R.76 93
100 500 - .30 . 9l - 274 7 65 © . 18.9 ~'R.14 89,
105, 300 300 110wk - 330 - . 65 25.5. 2.43. 92
108 . 300 30 108 345 65 ~ -1l.7 1.84.° 94

99 B 3'00,, 30 “ 78. . 309 . 65 ' .R8.0 2,37 _72'

* . Prepolymerlzed. o
#%  Added after the CgzHg. Co o
*—)Ht- _Added as polymer i‘rom Run 18. _.' ST e

o <o In Experlment 103 the wax-—cracked olef:.ns were polymerlzed w:.thout
- solvent while ‘in Experiment: 104 a .solvent was. employed. ‘From Experiments. 100;
105 and 108 it appears. 1mmater1al whether the wax cracked olefin or CzHg are

polymerized.initially or ‘whether the two are. copolymer:.zed s:Lmultaneously. :

v wax—-cracked olefm—C5H6 rat:.o of l:5 appears to be better thah a 1: 4 rat:.o. '
G Propertles of Csﬂs polymer"iire compared w1th those of h:.gher olef:m
polymers in Table Al In this case the polymer dis that b0111ng >150 C at

1 mme .

l S Th:Ls table demonstrates the super:.orlty of stralght chaln, Q. olefim
over branched or ) olef:ms.i It also shows that VI :mcreases with, the length
: of the“& chain. . - ’
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Table 11

Exp. AlClz Temp., Duration _Viscosity *E Sp.Gr. 'Mol. C Flash
No. Olefin Ee °c Hrs . 38° ..99° VI 20°C Wt.  Resid. Point
86 CzHg - . 30 60 5,7 126 = 4.34 44 .851 649 .12 244
78 aC4qHg moow 5. 74,6 3.34 43,2 ,857 654 .11 -
"5 PBCaHg - " Tn .om 23.4 1,76 -83 .865 426 .24 ' 173
4 isoCgHg . M " u 25,6 1,97 -107. .876 406 .35 . 175
164 nCgHip + " "= .4 43,3 2.84 73.4 .868 57 ' ,12 215
1 nCgHg - " " 5 38,7 3,56 114 .85 - :

3 nCighsg " " 5 10.8° 1.94 125  .848

~~ .. . Oppanol (an isoCqHg polymer) was added to a Cglg polymer, in which it
.is quite soluble. The Oppanol-increases ‘its viscosity but not its VI:

, E°38 ©  E°99 . VI
| CsHig polymer - 18.9° . 2.4 88.8
. CzHg plus 1% Oppanol 4845  .3.27 - = '88.0

Apparently Oppé.nifii is .iii_é!_‘éo;l.iré‘d mdiecu‘la‘riy;b , ot cdllpidé.ily, -in the pol_ymei'v.y
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POLYMERIZATION CF ETHYLENE

Balson (Bulle Soc. Chim. 2, 31, 539, (1879)) first recorded the poly-

merization of CpHy to a viscous oil by means' of A1Clz. Gustafson (ibid 34, 322,
- (1880)) reported a similar reaction using AlBrz and extended his investigation
to other olefins. Aschan (Ann, 324, 23, (19023) and Ipatiev.(Ber. 44, 2978,
(1911) , 46 1748, (1913)) also investigated this phenomenon, Ipatiev first
‘studied the thermal polymerization at 325°C, later observed that the reaction .
océurred at 230°C in the presence of ZnClp and at 180°C with AlClz. The product
contained paraffins, naphthenes and olefins. DeMontmollin ‘(Bull. Soc. Chem. -

Bd 19, 242, (1916)) produced a similar mixture. of hydrocarbons from CpHy by
_dehydrating CgH5OH with PpOs. Damiens (Bull. Soc. Chim, Bd 33, 71, (1923))
-found that CpH4q could be polymerized by concentrated HpSOg contaming CuO or
HgSO4.  Hoffmann and -Otto (QRP. 505265, 512959) claim that EF;:,, egpecdially in
the, presence of Ni, is a good polym. catalyst for CgHy: Azomethane also
catalyzes CpHg polymerization (J. Am. Chem. Soc. QZ, 1584 (1935)) (this is' a
" CHz cat.alyzed process). A more complete bibliography on GgHa polymerlza'b:.on is
.avallable 1n Ber. for May 1, 1939 and for April 20, 1940.

. Nash et al. first undertook the productlon of 1lube oils fromvczH,; L=
(J. Inst. Pet, Techn. 16, 830 (1950)). To a 2 liter steel autoclave containing
100 g. AlClz 4in 100 g. pet. ether they: ‘added CoHy to a’ pressure:of '35~55" atm.
at 5-10°C," After 1 day ‘the ‘pressure had- fallen.to 15 atmospheres’ and after
several days to 10 atmospheres.: ~After-23 days the autoclave was. opened and
-219 g+ of "free 0il" and 68 g..-of ."bound '0il% were obtained. Thefree oil-%s- "
- not. combined with- A1Cl3,- while- the bound. 0il s that obtained by decomposition
-of ‘the AlCls—hydrocarbon cOmplex. The properties of the: fractlons of these

e St

0ils b0111ng 225/250 C.at’ 100 1ime’ are as. foIIows:

R R e Table 12 L R
' L e  Free 0il = Bound 0il
Spe Gr. at 20° c ,': . ST TIN.8332 0 . .8636
Ny Sl eisl 1144622 -0 01,4863
CMeWe e 384 .- 380
cgsHoper-ge G L 0175040 7 15,58
‘V:LSC.I c’E at 38 C ceT S s 138 N B 54-5
LAttt e e o uLe55 1.79 -
VoI, o ; e _—104 UA9g
Do - : 32 —*

; Iy number

"« From thls table 1t is: ev:Ldent that the "bound 011" is: less saturated
-and has poorer. V.I. It is also;darker in color and'is less resistant to KMuOg -
'oxldatlon. Whien: the polymerlzatlon was” carried out at hlgher temperatures, the -
oils obtamed were ‘less. viscous and had’ poorer V.1 I.'s. Nash concluded that the
.0il. obtained from CgH4 polymerlzation ‘could not compare with natural lube oils,
in- particular because . of its:poor re51stance to oxidation. Nash proposed the
following- mechamsm for the polymerization: .the: first step ‘is the ‘formation of
higher olefins nCzH4 — (02H4)n which'isomerized under “the. influence” of ‘AlClz:
to cycloparaffms ‘The. isomerization step:is thermodynamcally possible at .
,temperatures below 400 'C...:The: cycl:Lc c0mpound, ‘being gaturated,:is not. able to-
form a c0mp1ex with Alcl ,vand ‘hence; becOmes a constituent of the tfree oil®,
,whlle the AlCls molecule 1is free to- polymer:.ze add:n.tlonal CoHp & . The, A1C15 can
‘also. Spllt the olefm comb:med with it. into a paraﬁ‘m hydrocarbon ‘and poly—~ :
_nuclear aromatics. 'In this way Nash envisages. ’che‘—formata.On of the "bdmd 0ilY,
which accounts for: the 1055 in actlnty of .the AlClz.
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Waterman and Tulleners (Chim. et Ind., June 1933, p. 496) confirmed
Nash's results. They used an iron autoclave and prepared C2Ha from CzHsCH.
Their results agreed almost exactly with Nash's, and they concluded that in
addition to isomerization and polymerization, hydrogenation and dehydrogenation -
as well were occurring. The V.I.'s of “their highest boiling products were from
~56 to 2, somewhat better than the values obtained by Nash, all of which were
below -100. . S

e

, To us the fact that Waterman had obtained a V.I. of +2 seemed .
especially noteworthy, and we believed that by a careful study of the AlC1l3~
catalyzed CoHy polymerization the V.I. of the. product might be increased. In .
particular we felt that the use of especially pure reagents might be promising.
Experiments were begun on September 26, 1934. The CgH4 was an especially pure
product obtained from Holten, During the course of the work it was foimd ‘that
the odor test was one .of the safest criteria of the purity of the C2is.

Exp. No. 1 (See Figure A.P.-1) -

L A 5°1. V2A autoclave With VRA stirrer was-filled with 2 1, of a 225/
305 fraction obtained by hydrogenating cracked wax, and 300 g. AlCl3 were added.
CoHz flowed—from cylinder A into a paraffin vessel (Paraffin gefass) B through. -
a.sight glass: C filled with paraffin oil into the bottom:of the autoclave Do~ -
The temperature within the autoclave rose. from.R4°% to 38°. Ethylene was. added -
without exterior heating until after 10 hours no further absorption could be. .
“observed, . The: pressure within the autoclave was~16 atm. at this time. After .
releasing the pressure, 2340 cc. of ‘a“dark brown-product. was ‘withdrawn and a .. "
very viscous, residue remained.  Both the liquid product and:the viscous residue -
were Hydrolyzed with water. . The liquid product was siripped of the.solvent by .-
méans of steam at 260°, and-the remaining oil was distilled to produce: a residue
"boiling ‘above 170° at'l mm. . The residue, 254 g., was treated with 2% clay:-'. |
(Tonsil) and yielded a bright yellow oil of 11.57°E viscosity at 38° and 1.82° -
at 99°, giving a V.I. of 90.8. - The viscous residue from the autoclave was - . .-

~trédted in.the same way, yielding 209 g. of oil (E°zg’= 5.3, Efgg = 2:99;" -
V.I. = 64,3)., Thus for the first time ‘was.produced a CzHa polywer of high V.T.
“Upon repeating the experiment the temperature within the autoclave rose t0.57%;
" and: the oils boiling above 170°C-at-1 .mm.: had‘ these propertiess. - =t L

= ... AlClz_Complex . :

< Liquid Preduct Product from. -

Sp.(Gr. at 20° pes. o eer -
'Visc. E° at-387. CYBW95 T 0480

L at 99° w1 09B T RGBR Y
LWL, iR o6 i BRGNS
. “Carbon Residue '~ il T tEO0LT
iMolecular Weight . il BBT o BC

' In a’third experiment only 200 g. AlClz were Tused.’ A’'steam coil was.
installed in ‘the autoclave to permit higher temperatures and more rapid reaction:
.-whereas R0-1. of CpHy:were absorbed in 45 minutes ‘at 40°C, by .raising the tempera-
" ture to 70°C the timel to absorb 20 1. was cut to'15 minutes. At 707C:the auto~"
‘clave pressure-fell from 58 atmospheres to-30 atmospheres:-amd-stayed at 30 in
'gpite off‘_wra'pid-rC2H4-= addition. ' From ‘this experiment .came R540 cc. of liquid '~
.. product and 518°g., :of residue. 'The liquid product yielded 496 g. of oil upon-
vacuum distillation having E%gg = 216:and V.Is =.78.9(Brit. Oxidation Test:0y
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no asphalt formation). The oil from. the residue had E°gg = 8.05 and V.I. = 61.
An additional 20 experiments. were. run with hydrogenated wax-cracking products
or pet. ether as solvents, varying AlCl3 concentration, experimental procedures,
temperature and pressure. As much as 1400 g. of lube oil was obtained, and
viscosities were as high‘,as E’gg. V.I. value varied between 65 and 95.

On October 10, 1934, a new supply Qf CgHy was obtained from Ludwigs-
Hafan. Expt. 24 was begun, but after 4 hours wds discontinued because no further
reaction was occurring. . The experiment was repeated with the same result. In.
both cases the addition compound floated in a voluminous mass upon the clear,
nearly unchanged solvent. -The complex was not adhesive and one could squeeze
solvent from it as from a sponge. Specially dried petroleum ethér was tried as
solvent but with no improvement in results. A very poor yield of product -
boiling >170°C at.1 mm. had viscosities of 2 and 2.5°E at 99°C and V.I.'s of
"~17.6 and ~70.4,

.

The CgoHy was found to be contam;mated with considerable quantltles of
liquid consisting of" CQHSOH, CHzCHO, and CHzCOsCpHg. Several other cylinders
'fI‘Om this shipment were slmllarly contamlnated. IR g "

Removal of- these impurities by various gas—-washing techniques was
-investigated and it was found that: a simple alkali wash was most effective.
Accordingly a soda wash tower containing Rashig rings was installed, In spite
of the fact that no impurities could be detected in the soda washed. ethylene, -
a product of only 40 V.I. was obtained, 'and the high values of 80 or 90. could
vnot be reproduced with this- -CoHyg produced from Zlcohol. - Accordingly, ethylene
was again ‘obtained from Holten, where it is recovered from coke. oven gases by
means of. a Linde: plant.- This CoHy:also gave varying V.I. values, but among
them were many—=above ‘90i—Accurate’ analytlcal study of the different. -supplies
of CgHg showed that these varlatlons in ‘V.I. must be ‘attributed to- ‘such’ -

- impurities as CO, COz, st and 02. 2 In Table 13 the effect of " 1 these 1mpur1t1es
is 111ustrated. - ; : 7 .

' juTablé‘lS%

- Added Gas ed Gas.' & ih’%ﬁg“f; Y:Leld
None R
SC0. ©+0.05::
i 04
: 1.0
v 2.1
- 10.0
HpS 0.2
COp 0.1 "
‘ - : 'O.4( . L "‘:
o 3.0 foooom e i
02 B __(_)-8 e 1", e ~,.

~A1Y experlments -in: Table 13 were carried out under 1dent.1cal condltlons us:n.ng

the CgHy and A1Clz- from the same.source;.a 51, VA autoclave, and.2 1. pete .

" ether and. 125 g. AlClz. " While €O in small’ amounts does not- decrease .the y1elds,
-ag’ llttle -as 0. 05% has Ta deleterlous effect on produc'b qual:.ty. :
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After the effect of impurities was recognized and taken care of by
treating the gas, better V.I. values could be obtained, although they still
showed variations. The reproducibility of-the experiments was still unsatis-

" factory. The AlCl, was accordingly subjected to careful-scrutiny. The use
of different samplés of AlClz demonstrated a direct effect upon oil yield and
quality of the iron content and content of involatile material of the AlClz,
as shown in Tables 14 and 15. ~

Table 14 (5 1. RA autoclave)
Prod. b. >170° at 1 ym.

% Fe Exp. No. t°c yield, z. °Egq  Y.I.

0.04 185 - 120 - 3850 5427 92,0
" T 174 110 3200 - 4.88 . 92.0
R 173 - 100 3270 7.21 - : 94.0
n 164 b 90 3700 .- 6.69 . 94.0
0.17 . 152 ~7110 . - 3700 . 2.99 61.9
L 150 100 . 3900° 3437 74.4
noo . cI49 7 90 3770, 5.23 74,0
1.20 . 138. <100 - .3730 . 2.52 63.7 .
" : 131 . 100 . 3250 . 2,33 . 64.0=
n S0134 90.. -, 3820 2,57 62.1
©1.77 0 . 180 1100 0 2975 . 3,76 53,9
o "'.v o 176, Tt 90 L 2680 1265 0 59.5

.;Table 14 mdlcates that V.I. and vnscos:xty of product decre’ases as the content
of FeClz increases, and at high FeCls content.the yield too decreases.  The . :
content. of" unsubllmeable materlal in the A1615 also has an effect as shown in-

, Table 15. ’ .

—

: Table 15 (45 1. NB autoclave)

% Residy in AlCl,‘« Exp. No. o Y:Leld, kg. L f@g, SR %
.86, . e ‘;.',55 5 ,_'_”,'4.61 110.7
S g T 34,000 4526 11048
32,00 A8 T 11440
L B3.00 0 4290 111.0
o BB.4 0 F.44 . 11041
©. 30,0 - 716.380 . 109.0

7 B1.5 -;_; o 0112.2°

B0 .108.0
: ,'gzs 55 . 107.0°

S L'v- B 210951

. 285 10542 -
2940 T 102,30
R0

c 97. Qi

.Materlal whlch does not- Subllme in N2 stream at
R50° C for 2-4 hours.
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The A1Clz used in these experiments was practically irdn free, and was
‘obtajned at Ludwigshafen by treating iron-containing A1Clz with metallic Al.
Table ‘15 shows that these unsublimed impurities play a part similar to-FeCls,
Lowering both the yield and V.I. The effect of adding other substances to AlClz
is .shown in Table 16, in which a series of experiments employing 125 g. iron—
-.free AlClz and 2 liters of petroleum ether in a § 1. V2A autoclave is summarized:

Table 16 L

Exp. No. Substance Added Temp._°C Yield, 1. *Egg Vol
282 - - : 120 L. 4.20 - 5.16 86.0
307 S - ... 120 4,00 S 4.47 88.0

. R95 - ‘ . 130 T 3.80 . 3.96 '88.4
270 5 g. FeClz ... 120 2.60 1.82 28.3 .
301 © 5g. TiCly - -7 120 . - 3.90 6445 75.0
‘288 5 g. TiCly " 130 . 3.80 . R.76 58.1
”64 - 5 g. SiCl, - - 120 . 3.80 . 4.4 " 86.9
286. - .. . 5g.HgCly, +120 4.00° -~ 3.81. . 80.0
278 2.5 g.. N02012 -120 - T4.20 . .7 3.19 75.1
R77. . lge Ip .10 T 4,20 7 4810 7640
275 . 5 g. LiClp . , 120 . .0 4.20° " 3.6l - B83.3 .
R76. .. 5 g.SbClg - 120 3,20 - 2,18 ... 5846
330a 7 -5 g SnCl4 S80S 3338 .. = 2,70 0 51,6
289' g 128 XL BF5 oS0 IR0 . 4425 7 UBJ0L T 7840

. The resul'bs show that none of the above substances acts as a- prOmoter.
When. BF;; is’ substitited for: Alcl as catalyst, the .product is obtalned in:

) essentlally the same . yleld and has 'bhe -same v1scos :Lty but is sonewhat lower in

VeI _ R . . : . ,

i et In connectlon w:.th these experlments “the behav10r .of the alumlnum
chlorlde alum:mum trlmethyl cOmplex, an especially mterestmg product, was '
StudlEd.4 It is' a:solid melting at 48°C which kindles spontaneously in air,
réacts exp1051ve1y with water and ‘alcohol,. but is-easily-soluble 1n_CCl“zf‘and
‘'saturated hydrocarbons. Itwas prepared by ‘the I G:Hochst. process by passing
CH5CJ. "over Al Tthips or grlt etched with’ Ig“or Hg. X quartz. tube’sealed to a’

.receiver. wag_ filled with AL ch::.ps wh:Lch were ;acti ated ‘with: 12 (Figure la).

A ‘slo "Istrefm—oi‘ CH501 was passed th:rough ‘the’ tube wh:.le_ he AL _ch:. were | .t

. beJ.ng heated gently at: one po:mt to 1n11:_:.ate the reactl n.. Ofte several hours

control. .,,Depe" mg on the feed rate and consequent reactlon temperature 5 one
. of 2 products is

! .hlef dlfflculty :Ln:\thls process 1s d:.ss:.patmg the hea'tnof reaction.
‘Accordlngly the’ apparatus was’ arranged . to carry outi-the- -reaction in 11quid AL~
mettwl chlorlde cooled externally by'. Ve ‘t_steam. Figure 1b" shOWS the reacta.on tube
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-which is filled about one-half full with Al chips. Aluminum methylchloride is
added ‘to the tube, which is heated to 80-80° and CH3Cl is added slowly through
the delivery tube. The reaction occurs readily and the product can be handled
as a liquid, .As it is unstable in air and spontaneously inflammable, it is led
into a Claisen flask from which air is excluded, and.is then distilled under
normal pressure. The products|are still liquid at 40-507C. Dissolved in high~.
boiling hydrogenated cracked distillate, (20% conc.) it fumes strongly in air
but no longer kindles so easily. -

Table 17. Addltion of Alumlnum A_.‘l_lgz 1 to Solvent

{’5 1. V2A Autoclave .. - R

The aluminum alkyl was added in an atmosphere of N> to 2 1. of
pet. ether and 125 g. AlCls. ; .

549* 125 (11qu1d) ~mo reactlon E A

Exp. No. - Al Alkyl Added, . Temp., ' Y:Leld " Product ‘
RO o Be . °c . 1. T ®Egg—-  —VaL.—
_Qle . . . ..80 4,00 o 7.83.. 98.0
313 - 01000 4100 .53 . 92.0
307 . - » 120 744000 . 4.47 88,0
295 . LS e 0 1300, L 3,80 - 3.96 . 88.4
B2g- - 1 e 1200 L 44000 L 44990 95,0
BRL" 2.5 120 -7 3.80 . 4.4l . 95.0
31 2,5 TUUIB0 4.0 4426 1 8944
‘316" N 5. © 80 . 4,00 7 6453 100.0
365 | s 90 i BLBE e BaRB 103.0
315 s TEL1000 0 Lo 3.85 o 5,70 71 T9R.0.
299 . 5 120 SUTB0 % 5.8 9840

272 ~ - Co1B00 T 4,000 4088

265 - 8,3~ T 120 L B 40 T .9

284 8.5' S 180T TTTLUBIT0 L 4493

-266 — S XS o 0120 73.200 0 . 6,08

355% 125 (solid) Sor 120000 . 2485 0 2,23
\’, .

: * A1013 absent.

dissolved 1n 11.0f pet..ether was :Lntroduced in a; N2 atmosphere. It is seén :
sthat 1-5 g+ of the .alkyl. cOmpound prOmote a small -increasein 'V, L. of. the product-
~for: example,l compare Expts, 507 and. 324,321 Larger quantit:.es ‘of ‘the alkyl:
_.compound bring about no. further dincrease’in V.I._ The liquid. compound AlCls-Al(CHs)%
-alone caused énly a feeble reaction (Exp '355). - In this compound both free o
,_valence X} ectrons ‘of. the::A1C1z), which are act:.ve catalytlcally, are satura.ted
~i.e. bound to the molecule Al GH3)5 ‘which in:turn possesses:2 free:valence A
. electrons.+ The product Al(CH3)5-2A1013 s probably a. solut:n.on of A1015 in
] 1( CH5 )5 sAlC 1z 4 for this product has. catalytic: act:.vn.ty. - ‘
"+ ("In.der Verbindung Al(CHz)z -A1Clz sind die beiden freien Valenz—elektronen des‘ :
: Alu{mmiumchlorlds, welche seine katalytische Aktivitdt bedinigen abgesdttigt bz
. ‘gebunden an das Molekill ‘A1(CHz )3, welches je ebenfalls zwei freié Valemz~ 7=
elektronen bes:.tzt ")




s Vint

S gas\

Vs




~14~

Also of interest were experiments in which Al powder was added. Thege
were undertaken as a result of experiments carried out in an autoclave lined
with sheet aluminum in which turbid oils were obtained. This turbidity was
followed by precipitation of paraffin. In other experiments in - a 5 1. autoclave -
containing 2 1. pet. ether and 125 g. AlClz, 1.20 g. of Al tronze were added, It
was shown that the increased amounts of Al decreased the yield of polymer, With
20 g. of Al bronze present, the yield of polymer was but 1 kg. which contained
207 of a rubber-like .product with a molecular weight of 900-1800 and a melting
po:.nt of 115°, The product also was - turbid when smaller amounts of Al bronze
were used and its pour point O C, was ini‘erlor. These experiments were ‘not pur~

sued’ further.

" Having :mvestigated the catalytic actlon of the A1C15 , the catalytic
influence of the autoclave material was studled. A 2 1/2 1. iron autocla.ve was
first: employed. : , :

Table 18 (2 5 1. 1ron autoclave) L ;_

1000 cc. Pet Ether + 100 g Alcls - Reaction tn.me 18 ﬁrs.

Exp.,No. o B Grude Product, g Product b.> 170° at 1 mm.
SR AT e R : E°og T Wi. :
1307 TR CLolA770n L s 2.99 S 696

L1337 8 o o 1080 oo e RU70 L 5R.9°

U148 .90 T ROBO T 3,56 - . 5445
148 ;.- 90 L1800 S RO T B39

i;151~ug’11"93.nv" 1 #R050 w«;‘vls.ss.'v' - 588 L

i

_ o The autoclave was - charged w1th 1000 cc. pet. etheru and- 100 g AlCl3 5
ethylene was intro@uced under: pressure, and the redctor was- heated. imlcontrast
to ‘the experlments conducted in-. the V24 autoclaves, a strongly exothermic reactim
was never- observed in the iron. vessel. ‘ ‘Moreover, - the pressure decrease -occurred

..more- glowly in.the iron vessel; thus the" experlments m Table 18 were terminated
only after 18 hours, at which tlme the-reactor was in'no case full. With the
‘Y24 ‘autoclave. whlch was tw1ce as, large 5 react:.on product completely: i‘:l.lled the -—
vessel.in 3-4 hours.; These exper:ments show that’the polywer produced in“the
~diron autoclave'is less” ‘viscous.- and has .a:lower: V.I. than ‘polymer made under. .
“correspondlng conda.tions Ain-a- V2A autoclave ,.:as,-shown’in Table 19. In. Table 19 .

- are presented: results: obtamed us:.ng a~V2Aa au\toclave equipped w1th stlrrers of:”
different materials. For accurate cOmparlson experiments’ in which the same. 02H4
“and A1015 were: used are’ grouped together. It is seen that'a Cu agltator 1s less

; su::.table than one:of :V2A-(Exps 491> -givesran: unexplamed result) O
Fe is.also" less satlsfactory as’ regards y:.eld V.T, and flua.dlty of the" product.
~Experiments ‘with ‘an iron: autoclave and‘iron agitator:are. 1ncluded for oomparn.son.'
‘Ni'influences the V.I. of the :product’ unfavorably, but not: the y1e1d. These "~

“results prOmpted us to undertake experlmenta in reactors conta:.n:mg no. Ni, - but’

: only chrome as:an- alloymg materlal. ‘These mater:.als 'are Ng,-.Ng' and-Ng steel
'ha.vmg the @llovung cOmpoutlons-r :
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Ne. N, Ng_ . I2A
c 0.1l 0.2 0.1
Cr 3.0 6.0 3.0 18
Ni - - - 8
™Mo 0.5 0.35 0.5 -
v - 0.25 0,05 -
W . ' - b 005 -

The results using these materlals are summarlzed in Table 20.

VZAM '

- Table 20. Comparatlve Experlments w1th
‘ o 5 ln.ter autoclave

T veAl . ) 'N6 ' . N8~ .
Exp. t, - Y:Leld E°99 V.I. Exp. t, Yield E’%gg _V.I. Exp. b, - Yield E°gg VeI
No. °C__ 1. “Ne. "°C- . . "Ne. °C__"1. -~
598 ,150' 4.00 3.71 75.2 - - e Ng

60L 140 - 4.15 4.34 .89.2 600 ..140. 4.10 5.80: 97.0.° i _ :
S e - 61R 0 130 4430 44440 97450 ) : R
’596a 120  4.35'5.54 86.0 603 --120 4,15 '5.98 94,0 619120 3.5 74433 922"
610 120 74,48 5.26 84.0 609.: 120 4.30 '5.49 130.0° 626 120 - 3,6" 4. 38 90.8

: - ol A -.611 110 4 00° 6441 7,94 0. 618 110 3.7 - 5.48 98 0

: S S T iNg
'604 100 4 30 5 86 78 O '5'99;' 100 4.4‘7 _7.17397.0 632100 3.6 6. 49 102 O'l'

B . 602".:1007 4,20 8,15 .93.0. el :

'594a 80 4 20 6 58 81 O '595_" 804 50 8.38" 96.0'_ 616'_ 80 ,'3."7 5. 82 100 5

Comparmg the results obtalned in V2A w:Lth those obtamed m N5, Ns and Na metals
under ' comparable’ cond:.tlons, it is seen’ “that the exclusion of Ni, with its <.
unfavorable effeéct, has:led to polymer.. of mcreased’ ¥.I. for each of the 3N metals.
of the SN metals NG appears the best because of ‘the hlgher ylelds obtalned. ” :

T The next varlable 'to'be ‘inves t:.gated 02H4 concentratlon, was studled
: by\adding to: the pure, CgH[’feed varying amounts’ of the follow:.ng catalyt:.cally
indifferent gases:' (1) He (=) N (5) CH4 (4) 02H6 Table 21, a-c, summanzes '
‘ these exper:unents ’ e e . <

. &drog__ '

5 1. V2A Autoclave

> react:l.on
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’ '.._'I_‘gble 2lc, Nitrogen

5 1. V2A Autoclave
V% - Exp. t,  Yield,  Product
No_ No. 6 _1. E%y Ul
5.0 363 80  4.20 6,65  82.0
8.0 322 120  4.00. 3.58  74.0.
100 © 267 120  2.80 2,39  68.6
ca.20 261 120 - 2,35 = 1.90  64.1
ca.33 257 120 no reaction
"""" — - Table 21 d and. e

'2.6 L_,Solvent L R 12 kg..' Solvent -
125 g» AlClz | : . . 1.4 kg. AlClz

2d 0 T e 2le

4 . Exp. Press. Yield °E_, VeIa -~ "Exp.. Press. Yield = °E V.I.
_ iel 99,V _Exp. . Pre 99 .
2T S Noa o Abmal C L

CoHe  Noo  Atma o -

54 .529.5 50 4,00 T5.95 94.0 85 50 . .33.0 4.9 - 111,
.. 520 .. 30 592 92,5.. ' 84 5O . 34,07 '4.76 114,
.. 534 . '4,757791:8 . v83== 40 :35.0 ... 4.26 11

SR o e 82 B0 0 33,57 4.6l - 1l
‘96 85 - 32,00 3.89" 106,

20% 535
I R T P

30% 546 105 2. ,
© 1105 - 90 20,9

_ 54777 g0 2470
~ . .,.552 35 %

40% 555 70 _2.50 3.6 75,5 108 105 15,3 R.07 . 90.3
" Increasing ql:.lut::.on with edch of ‘these four gages results in a lower yield of ~
: polymer of lower viscosity and V.I. . In the series summarized in. Table 21d and -
“e; both the CpHy: partial pressure and the total pressure were varied: ‘At 80%
. CgHg, increasing the total pressure :increased. the V.I.: This. effect was less

marked at :70%. concentration. 'In neither of these cases is'the yield ‘as good.
‘‘as with 95% CgH4, nor is- the yield: improved by raising total presBure, - These"
" results were confirmed in a 45 1. V2A autoclave (Table 2le) using 11.9'kg.'.
~ solvent. (pet. ether) and 1.4 kg. AlClz.  Comparing Experiments 108 and 82, it
js seen that with 60% CgHy the total yield was only 2'kgs ‘polymer (the rémdin-
. ing 15.3 kg. being solvent and A1Clz) while in Experiment‘82 at 95% CgHi -
“concentration, ,-yield' of 20.2 kg. of actual polymer-was obtained. Woreover,
*‘the: 20.2 kg. yield in Exp. 82 was obtained in 4:hours, while 21 hours were
"~ required “to.produce the kg yield in Exp. 108.: Thus, ‘dilution of the CpHg
has ‘a deleterious effect on: yield and ‘quality of polymer, and if it is desired
“to obtain a high quality polymer, CoH-of at least'95% purity and preferably
higher-purity still ‘should.be émployéﬁ.',- B e - R
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The effect of the gquantity and kind of solvent was next investigated.

Table 22: Various ng_tj_f_._;.-ties of Solvents

The experiments were carried out in the 5 liter V2A autoclave. "-The
charge consisted of the indicated amounts of - petroleum ether and
" 125 g. of the same AlClz. Ethylene from various shipments had to .

be used.

Expe Crude Product b.>170 in Vac.

No. = %, - Prode "Egg V.1, '

AP ke CCe . —_

192 ° 120 . 3600 3.68 - 83,7 _

198 T 110 73600 3.61  Bl.S gl
194 100 . 3500 $4.,31 - 85.6 -
168 90 . . 4080 - 5.39 gg.o Pet. ether

185 120 . . 3850 5.37 .. 92.0 :

-~ 174 110 - . 32007 . 4.88 ‘92,0 2 liters
173 -+ 110 13270 ... 7.2l "94.0 pet. ether
164 B 90 3700 - 6.68 . '9440 5L
396. . . 120 . 4500 . 7.15 97.5 . .

1970 110 - C. 4400 . 7.75 - 9430 1 liter’

©°198+-°° 7. 100 - 4400 0 7.76 . 92,0 pet, ether .

©UA77 a0 90 46000 1 08,70 - . "96.0

The above ‘table shows the effect of quantity of solvent.. In all experiments .
the same 'AlCl3 in the amount of 125 g. was employed. The:less solvent employed
the more viscous was:. the resulting polywer and“the better was ‘the V.I. As bad =
been. previously observed, with higher temperatures the polymer was- more  liguid.
The ‘same ‘was evident also with hydrogenated cracked paraffin. products in the..-

=following—Fable 23.
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Table 23

Exp. Nature of Solvent Amount of Temp. Yield Vigcosity
No. _ Solvent, Product 170°/mm Hg
: h cc. - _C°Egg_ v.I.
411  Petroleum ether 2000 8O° 4,30 - 6.69 91.0_
400 Hydrogenated cracked 2000 80 4.25 6.52 92.0
paraffins 20-1.80° . .
397 " 180-250 . 2000 80 4.60 .7.90 92.0
91 180~250 2000— 100— —4.45  13.9 102
190 " 180-250 2000 110 3.9 11,5 98 =
187 " : 180-~250 2000 - 120 4,7 11,7 - 102
-201—- r_ _3180-250 2000 130 4.2 0 5.1 82
206 " 180~R50 ’ 2000 . 140 - 4.1 3.0 67
144 °Isooctane : . 2000 .~ 90 - 3.9 R.5 64
142 " _ 1000 90 1.2 1.97 10)Fe~Autoclave
153 " - : 2000 © 90 * " . 3.5 .53 . 64
170 Isododecane ‘ 2000 120 4.7 12.9 102
169 - " - - -3000----- 120 4,5 13.1 “101
385 Pet. ether + fl. e 1950+50 .80 AR ~8el - 92. - .
' olefinl S o - ' . B
386_.... "~ oo 1900+100 80 - 4.2 8.4 - - 9%
389a M G v .. 18004200° 80.. . 4. ¢ 83 . - 96
390 . " ' -1600+400 80 - 7 "349. 66 85-
,5943_:) Pet. ether + fls -~ 1900+100 B0 e AeR 8.0, 93 -
. olefin with ‘41Cl3 - B TR R B
4R e ‘ 1soo+1oo - 120 4,1 . 6.0 93
444X) Pet. ether + pro— 2000, 80, . 3.9 7.4 94
pylene wrth Alcl5 s . AR S N SR
445x) ¢ w T 101207 4.0 4.2 96.
525 Pet’ ether + 15 g. g0 gL 8.8_‘27 96
Oppanol ‘ R ;' e M AR e
312' - L S 2000‘” 5120'-5 ’,5‘74"- 2 4.5' : '7'7

1) quuld Olefms =’ l:Lquid cracked paraff:ms b0111ng frOm 20-260 . -
x) The. red—broym add:.tlon product of AlClz with cracked: wax olefins oo
made;’ and C2H4 added subsequently. S ;__ ; b :

The b e exp ‘rlments were aga:.n, carr:.ed——out in‘a'5 1. V2A autoclave w:.th 125 g.’,
AlClz, vuth ‘the’ exceptlon of Exper:ment ‘Noi! 142 ;" which was~ run-inian: iron-auto—. -
clave W1th 100 ¥4 A1C13 Oi‘_vspeclal inferestare the experlments carrled out
i i ;“:The “confirm the: flndmg made. mth propylene ,-‘;
olymer of higher. ¥.I.' than isooctane, In contrast -
“'the"hi h i cosrb of"f the ethylene polymer produced

e . Throughv-experlments 5 5 386, 589a ‘and: 390 which petroleum ethez‘ was e

. mlxed with varying amounts of 20/260° liquid’ olefln derived from ¢racked paraf m,
‘it is ahown that: thesé llquid ‘olefins, which of thenselves produce polymern.ze "
Tube oils w:.th very high V.I. (110—-120") in small amounts’ as adulterant or even in-
’larger amounts’ in experiment . 390 have ‘an’ unfavorable influence on’ the yield.™ ~When"
employed in- larger amounts ;. they apparently dlsturb ‘the -course of polymerization™

of. ethylene. -
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.The experiments 394, 428, 444 and 445 had the aim of facilitating the
introduction of the AlClg into the autoclave in liquid form. For this purpose
AlGlz-cracked wax addition product was prepared, (Experiments 394 and .428) and
anotﬁer time AlClz~CzHg addition product (Experiments 444 and 445) In both
cases both yield and V.I. were normal. N

s Experiments 325 and 312 are of interest because petroleum ether con~
ta:.nlng a small amount of Oppanol was used as solvent., At 80°C the added ‘
Oppanol has no appreciable influence, while if the temperature is raised:to
120°C, Oppanol has a deleterious effect on the polymer, as shown in Exp. 312,
The 1sobuty1ene polymer reacts. w:.th the Alcls at the hlgher temperature. .

» . Table 24 ,
125 g. AIClg' and 2 liters solvent™ -~ R
o : e “Lube 0il-
‘Expe No. © : Solvent L s l(ield, 1. - ._°9-9_‘ L VeX
» . Crude prod. from 6.v.10 . - . Tass  96.0
a5 .o mom 4,400 - 7495 . 9340
4152 W '." o Exp. 415" 4,60 . 11,20 . 1 99.0°
4156 . WM oMo a3Ba U 4,65 L 13,52 4 -108.0
415¢ : FLIETER N B " ! 415b Y. 68*—”\ “13.52- 100.0
4154 oo owom o sl g)Be 4050 e 13,450 10040 .
;"‘415e e R u_i 415d 4 80-~- .,ji ~->:-15 50: . 100.0 ;‘ '

FOBREENS In Table 24 are-. presented the results of experiments des:Lgned to test
the fea31b111ty “of cont:.nuous operat:.on., Instead of iusing fresh solvent for .-
each. experlment ‘a’ portion—of-the; .crude—produc ;ggom ‘the iprevious ‘run’ was’ used
as:solvent. This, ‘crude’ react:.on product st:.ll\co'ntamed the: A1015~hydrocarbon
complex; to. which'was added 125 g. of fresh: ’Alcls. To begin the series, R: l:.ters
‘of crude product from G.«V. 10 which yielded a ‘lube 0il ‘having °Bgg of 4.88.and

‘a Vol. of 96+0 was used: as: solvent, and 4.4 1. of" product were obtained- An i
Exp. 415. . Two llters of thls crude product were used ds solvent Ain Exps 415a; .
and‘so on. The remainder of the crude product was decanted from the A1015 sludge
-and worked- up inc the, custOmary way.
:Table: 24 b-> 150° at 1 mm.

V2A was chosen'lrastead -of: NG‘ e
’I'he~ ccbmpanying ketch show 1ts constructlon. Gas .
: ’ ase: and'under th ﬁllquld... In the bottom

.“flange of th:.s reactor s a’ specJ. ) h
) communlcatermth the exter:.or through stuffa.ng ‘box: and 1ts purpose 1s to

" prevent’ the’ intrusion of A1015 ‘comples the " product draw—off: lme (1) and
-hlgh‘pressure valve ‘contained: therein: dur:.ng ‘charging or processmg. “This
r,fconstructlon has proved sultable for the plant-scale reactors. ’
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The autoclave was first equipped with a simple, 300 rpm. blade type
stirrer. The charge for the autoclave-was l«4 kg. AlClz and 11-12 kg. solvent.
It was heated to ca. 40°C, and CgHyg was introduced at _48 atm. Heating was
continued to 70-80°C, at which time an exothermic reaction set in and the
temperature rose to 150-180°C. - The -pressure falls to about 20 atm. aft%r the
attainment of this maximum temperature. By cooling with water of 70-80 C (cold
water stops the reaction too completely) the autoclave.contents are cooled to’
90-100°C, and this temperature is maintained by reguldting the CgHy feed rate.
The reaction is stopped when theé autoclave becomes full of liquid, as indicated
by a sudden pressure rise. When using a blade-type stirrer, ethylene abs orption
ceased after 7-11 hours, and the crude product amounted to 3L 1., i.e., the a\}to—

clave was not completely full.

We surmised that improper agitation was responsible for the incomplete
reaction, as it seemed probable that the stirrer was unable to keep the heavy
"A1C1z properly suspended. ' We then investigated an Hoesch~type stirrer, which
was shown in model experiments employing glass vessels to give a much better
agitation of sand and water than a blade-type stirrer at the same r.p.m.
Accordingly, an Hoesch type stirrer was constructed from VRA metal, using :
dimensions and form.suggested by the model experiments. - As a result of installing
this stirrer, the reaction rate increased so that the 45 1. vessel was completely
filled in.4-5 hours with 31-83 kg. of product.” In Table 25 is shown the :
dependence of reaction time on stirrer velocity. - S : '

- Table 25. Influence of Stirring Speed for Hoéséh—‘i‘ype Stirrer
" ‘ - R . - ['_A:"‘.';"f‘- oo

el 1 45°1, V2A Autoclave

fxp. No. . Stirring Speed;  Duration, = TYield, ~ Iubs 0il .
S . Tpme ~ . _hours. - . . _kg. Eog . Meloo

4 s00 a3/ T TTBRLS . 523 1048
s - 370 ozaga 0 3200 6418 - 106.0
47 . 440 .. 2-1/2 . 3l.5 - 5.8 00 108.0

48 500~ . 2-3/4 | B1.5 . . 5.47 . .101,0

A étirring s’xﬂpree'_dv of 440 rpm. appéars optimum, and higher speeds are unnecessary.
Reaction~times- for t‘,he_\ 5 liter and 45 liter autoclaves are then about equal. ~In.
Table 26 are summarized experiments designed td determine the optimum quantity-
‘of AlClz required in the 45-1, autoclave. L e R ‘

e Table 26. _In'fiuehce'"ofv.;tlcls ‘Coricenﬁr’ation'_ﬂv'

45 1.°V2A Auteclave -

{

AlClz Used,  Exp. . — Yield, - Iube 0il~ ~ ~~% % AlClz Relative
‘ e ) L No ? VS l_(g:c—. - 1@9 " V.I. | - .. to:Lube 0il .
800.. .- 38 . 300 481 . - .88 . 5.0 ..
10000 . 0. TB5 5o 5,90 . 95 .. . 6,37
1400~ - 44 - 33.0 §.47 . 107 - - . 8.0
.1600 - 38 32,0 . 5.60 11047 0 T ..9.6
0 -  5.33 ‘108 C11.7

gogo" . 50‘4 .. ‘§3"
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These experiments show that 1400 g. of AlClz, or about 8% of product, is the
optimum amount; larger quantities of AlClz cannot increase the yield as with

33 kg. thé"reactor is full, nor can they increase the quality. Yield and

quality both decrease if smaller amounts of A;plilare‘used. In these and
‘subsequent experiments the A1Clz used had the following compositiom: Al, 20,10%; -
Fe, 0.04%; Ti, 0.002%; Si, 0.02%; Cl, 79.50%; non-volatile residue, 1.4%.

Table 27 shows the CpH, should be added beneath the surface of the liquid

rather than in the gas space: :

‘ _ ‘Table 27
Exp. Stirring Speed, Location of Sdlvenp, : AlCl5,' Duration, . Yield, -
No. . rpme -~ _Gas Inlet kg. - hrs. ke
51 440 gas phase - 14 - - 1400 12 23.5
32 o 440 ' . liquid " . 14 : 1400 . 4 52.Qv

‘Graph No. 28 illustrates the course of a polymerization in the 45 liter vessel.
‘The 02H4 feed rate was adjusted so that the reaction would be ‘complete in about .
6 hours. The Roman numeérals on the -temperature curve refer to ‘the samples with-
drawn from-the reactor at the specified times. It is seen that before the maxi-
fum temperature (154°C) is attained, the pressure decrease has set in. The -
zig-zag charactér of. the subsequent pressure curve is caused by irregularities
in the CgHg additions which are adjusted to keep the temperature constant. The
properties of the individual oil samples shown on Graph 28 indicate that the
maximum V.I. is attained in . about-47hours; thereafter the polymer:continues to-

become' more viscous but V.I. d¢esinot-increasé;

The significance of the rapid -temperature rise at the onset of ‘the .-
reaction was now investigated. . Ig;previous;experiﬁents‘thé solvent was heated
to 40°C and ethylene introducéd under pressure. With this technique a maximum

témperature of 150-180°C was attained. In the experiments described dn Table 29
éthylene was added at various pressures before ‘the solvent was' Heated:. All
. experiments used CgHyg and AlClz from the same sources. . : R S

J%@leIQB_:Various E&periﬁentél Procedures -

Type of -Procédure . .- .~ . .Exp. - Yield, -  TLube 0il. _ - Max. Temp.,
i . . B ars R ., : ‘No. I‘Sg- :g ‘-IV'-IQ ' : "°C K
CoHy: added:with simultaneous heating - R0O7 . 33.3 ,_6.33 . 104.5; _;160—180° ’
o S i 2137 33.,0 - 5433 0 104.6 S
10 atm. CpH, added at room temp. 206 30.0 - 5.72 108.0 .. - _
ST BT R 207 . 33.0° 6,11 . 105.3  180~190
S SR ST 7209 - Bl.8° . 5.71 ¢ 104.7°
20 atm. CgHy added at room temp. =~ . 234" ' 29.0. 4.6l  114.6 -
TR R ST 285 7 3045 4469 0 11047 e
o e . ¢ . 236 30,0 4.9 0 113,27
{- T 237. © 30.0 . 4.87 .. 111.2 - --210-216
e LTt R38  30.5. 4,56 0 109.7 T ’

239 30.3 . 4,94  .108.0

,(Tabié,ZQ éonﬁinued.on‘next;§3é€})'iwf“
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Type of Procedure Exp. Yield, Lube 0il " Max. Temp.
. No. - kg.  °Egg V.I. __°C
30 atm. CpHg added at room temp. 223 30,5 3.92 115.2

224 31,0 3.05 - 115.5 = _
e A : 225  34.0 . 3.80  117.0 '
y _ 228 30.8 4.43  114.0  ca. 220°
. , 229  31.8 4.32  117.0
> : 230, 33.0 3.87 _117.4
231 33.2 4.45 117.0
232 . 33.0  3:59  118.1

40 atm. CpHy added at room temp. - 1907 30.0 . 2.43_ -~ 109.2
e T . 191 29,0 2.95 ~114.6
192 ¢ 31.0 2.31 - 114.7 230-260
- 193 28,0 2.77  107.0 - ‘

195 ~ 28.0 2.98 108. 5 ]

The * maximam temperature reached as a result of the 1n1tlal exothermal reactlon
-increages with increasing CgHa pressure, and at the same time the V.I. of the -
product increased. and the viscosity decreased. The V.I. appears- to pass through
-a maxlmum at 30 atm. CpHp pressure, corresponding to a-maximum. temperature of ‘
“ca.. 200°C. Higher CgH4 pressures lead to'a-higher maximum-temperature, but
decrease the V.I.:of the product; in addition the yield of product is . poorer and
its color, Wwhich is. ordinarily: golden yellow or greenish yellow, becomes a dark
‘red-brown.or brown-black. - Table 29.shows the effect of the ﬂBx1mum temperature
_on the yield in the polymerlzatlon process. = — ,

fou

S L Table 29 - R
’ L e TR il = Quantltles per lOO kg. v
Max, " Reactor , Polymer i : Fore—- o Lube Oil R
-Temp. Contents Produced, -Lube 0il - runningg® Fore—~' '~ AlClz Solvent, IR
: : gg kge  Ke. wtj l_gg; -wt.% runnings lggg kge  *Egg V.I.:
1852 3.0 119.7‘f,'16,51“84;O‘ 3.2 16.0 19.5 8.5 72  7.49 104

387 32,2 0 189 14,7 77.7 4.2 222 29,5 (9.5 8L 5.40 111
205 31,1 . 17.8 12.9. 73,0 4.9 27.0 38,0 - 10,9 . 92 . 4.59 112

238" 30.9 . 17.6 . 11.4 64,7 6.2 35.2 54,0 12,3 104 . 3356 113
258 2. 5 162 9.6 50,0 6.6 41,0 69.0- 14.6 124  2.62 114

N e T

% Includlng loss. e Sl e N L \
R The above results are mean values of experlvnents in the S llter and
-'45 Titer 'autoclaves, using identical-specimens of CoHy “and AlLClz (1.4% residue).

.-AsS. the maximum temperéﬁﬁre attained mcreases, “the content of lube oil in the '
polymer (fraction be > '150°C at: 'l mma) decreases .steadily, "as does. the: v:.scos:.ty ’
. -of .the "0il.";The V.I\. ; however, ‘increases,’ SO as\the maximum ‘temperature increases -
‘one obta:.m smaller yields of.a-thinner 0il with' hlgher V.I. To illugtrate the
reproduclblllty ‘of -the 'prceess, a- serieg of TUns were made under 1dent1cal cond:.-
. -tions,- as summarlzed in Table 30,



Suybs nanl

rqen] badd)

1]

gt

nEd e

et iies

1
i

i3

TR

gpefiazalps

ey shue:
T
1

s

+ T L wih
I T - -
B ; : E P ek
¢ & ! i =
TTIT T a8 prave =
it . T
, ; ]
1] L
e T H
i 3 1 H
3 1 T 1H
sife 1 g I
o3 7 { B
e : T d
$< T
i i i}
1
It FiE
ottt I3
jasx: 1
T sEes

aad
ze2
:

rE

£l

hedt

i

i
e 3
1 HEaEE:
i B
2 5l
T A
T 1T
= T




~24~

.

Table 30. Experiments in-45 . Autoclave

Solvent ) : 15 1. = 12 kg. forerunnings

A1Clz | : 1.4 kg. (1.3% residue)

Max. Temperature 225-235°

Duration of Experiment 4 hours

C Reactor Contents,.  Lube 0il Properties. .

Ex‘p- No. kgo ) Co- Egg_ 7 * VoI

441 ' 32.2 . -..3.98 ‘ 119.5
442 32,5 0 3.41 0 11942
443 32,7 3,79 12042
444 ) 32,5 . 3.00 © 120.0 .
445 N © 3l.6 . ) © .69 121.9
446 31,8 o 1B.35. .7 118.4
447 32.5 ’ ) 3.03 . 118.1
448 o 32.5 - '3438" - 118.8.
449 " 31,7 - . . B.36 .117.8
450 ‘ 31l.8 3,84 © ¢ 118.1

The solvent used imthese experiments -was the forerunnings-from distillation of
‘previous products. The table shows that both the yield-and product quality are
readily reproducible, . This fact was further confirmed by experiments in a
100 liter Ng-metal autoclave 0.2 m. in diameter and 4 m. long, equipped with a
Hoesch type stirrer operating from the bottoms. It .is possible to obtain oils
of lower viscosity by thérmal depolymerization of “the. highly viscous CgHg
- polymer, as illustrated in Table 31. . - .~ RN e

Téble‘ 31. 'Depolvmerizétion,,

- An oil with °Egg of 7.23 and a ViI. of 106.2 was subjected to
“gentle depolymerization for 15 hours by heating at 330°. The +
temperature was raised sl >wly, taking ‘5 hours to reach 330°C.

S T On reaching 5 hours 10 hours 15-hours.
'Fractions be at 1 mm... ‘550"} —at-330° - at.330° . ..at 330 -
<100° BRI 1.6 3.2 3.2 5.6
1001R5% ity 8.8 ‘844 8.8 . 6.0
125<150° e 6,0 . | 5.2 5.6 5.6
©150-156°%- " . - S o 1Y - KR 2,0 1.2. T 1.6
Total Dist. t0.160° = - . 17.2 12040 20.8 21,2 -
Lube ‘0ils . e e

- °Egg .~ o T.83 . 5.5R d.44 ., 3.64.
75 PR L 107,00 107.5 - 107.6 . 107.2"

The depplymeriiat;ion wa;lc_:ar;ied"'out in the absence “of alr;“‘ahd a small agount
of ‘decomposition to' lower boiling products occurred.‘ The desired result of '
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lowering the viscosity without decreasing V.I. was achieved.- Graph 33, -p. 42a,
shows the course of the depolymerization for CgHq polymer as compared with other
oils. (Note: page 4Ra—is-missing.) 4s the temperature was held below 330°C,
~the time for depolymerization was correspondingly longer (120 hours). Qs pro~
duced in the 45 and 100 1. autoclave were subjected to motor tests in cooperation
with RI™. In these tests the ethylene lube oils showed a superiority over the
mineral oils previously used. The synthetic oil, which was assigned the code
number SS900 by RIM, had significantly longer life in a single cylinder motor,
gave less carbon deposition, and had a favorable viscosity~temperature property,
thereby making possible the actual planning of higher output aircraft motors.

© ..0n June .10, 1936 it was decided to. construct a 700 T/yr. plant at Leuna.
BEthylene requirements were to be obtained from waste gas ethane by means ‘of the
cracking. process. developed by Dr. Klein. Recovery and purification from the "
cracked gas was to be accomplished in a Linde plant. "RI™ first asked- that this
plant produce a lube o0il of 3.0° Engler viscosity at 99°C. Since, as is evident
from Table 30, there are always small variations in -the viscogity of the product
and furthermore. since RL™ asked for a flash point higher than 200°C, which
implies a viscosity above 3°Egg, their specifications could be attained in
practice by a subsequent depolymerization. : oo . :

' . & material balance for the ethylene polymerization process i given in
#Fable3 2.. The figures represent mean values for a series of experiments carried
out ifr the 45 liter .autoclave. This balance was used as a basis for the design

of the 700 T/yr: semi—commercial plant at Leuna.. - ' '

' Table 32. CoH4_Balance

3 —

A e S~ 45 1liter 'Autoqlavej )
- S mas o
= CpHg..- o (8.5kg.) -~ - . Solvent
o 127.4 kge_ ; - . 71.6 kg.
Polymerization .- - & . - LT e T T , o =
EEEEIR e " Crude Product . CgHa Residual Gas_
T e .. 192.7 kg. 6.5 Kg.
" Separation . - o C TS T T )
' ‘ Residue = - . Crude 0il + Solvent + Dissolved Al8lz

s S T e ‘ B
Decompesttden | N ST TN
“ Solvent Slurry Oil ' Loss ‘ Crude Oil + S'olvent

Crude Oil Solvent -
; 117,1,1t<“g. - 69.4 Kg.
¢ e T x .
Crude Imbe 0il -~ Solvent
103.1 kg.  © 14.0 kgs

Pl

\. Finished Lube 0il™ ~Refining Loss '
7100 kg, - 3.1 kg .
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From 127.4 kg: CpHy are obtained:

-~

Lube 0il

- Solvent

Slurry 0Oil
Unreacted CgHg

-~ Loss

kg, wt, %
700.0 78.4
13.5 10.6
2.9 © 5.0
6.3 - 2.3
4.7 3.7
127.4 100.0
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Part II

Development of the Commercial Ethxlene Polmgrizafion Plants at_Leuna
'A) The 700 T./yr. §S 903 Plant -

The flow diagram No. 34 shows the operating principles’ of ‘the 700 T./yr.
SS 903 plant whose construction was decided upon in June, 1936, :and begun in
August, 1937. : ) : ) . o

o A cracked gas containing 30% 'd2H4 was obtained by cracking CoHg in’
hydrogenation off-gas by the oxygen~vacuum process-(Dr. Klein, Dr. Haubach-)min‘
Me 125. This dilute ethylene was concentrated to a pure product in Me 125a by
a Linde plant consisting of 3 distilling colums. The CgHy then was furnished
to Me 126 at a pressure of 60-200 atm. for polymerization. :

: After'clea_x"in'g up a few difficulties with the hairpin bundle ‘preheater —
originally of FF-30, later of Si~chromal - the cracking plant yvent on-stream in’
" June:1937-dnd proved unobjectionable. - - -~ - P T

DI Because of an ethane shortage early in 1937 the cracking-plant.had to
be converted to-process propane. This conversion resulted in ‘a considerably
gredter quantity of 1iguid product in the cracked gas so that ‘thgsscrubbing .
section of the Linde plant had to be expanded. To free the cracked gas-of ‘the-
accompanying liquid hydrocarbons required.an increase in ‘the absorbing facilities,
whose efficiency could be significantly improved by the substitution of a benzol
absorbing ‘oil in place -of ‘middle-oil B. This enlargement of the absorber made
necessary the installation of an'absorbing-oil regenerator. An-Alkazid plant was
_installed for the removal of COp from the cracked gas. Since this.plant showed.a” .
~tendency to-foam excessively, a carbon tower was-installed ahead of it to remove
the last traces -of -oil. R . T e Lo .
o . PR R . i B N . . .
: " Carryover of lubricating oil from the circulating compressor with high -
pressure CpHy caused further disruptions in'the ‘operation of the Linde plant,
‘gince in this way the perforated plates.(Siebboden) of the last two distilling. .
_colums- of this apparatus were obstructed,: leading to impaired fractionation and
finally to complete plugging. The ingtallation of. separators did away with these
upsets. Only after the installation of these safeguards was satisfactory opera-
‘tion of ‘the Linde ‘plant possible. -On the average; the -Lindé plant then furnished -
'98-99% CoHy containing 0.5-1.0% CpHp and practically free of 0p, CO-and CO2.

_woo 20 The polymerization plant consisted of two autoclaves—of 1000 liter
content (500 f x 5000) of Ng-metal, corres ponding “to ‘previous experience in-5, .
50.and 100 liter scale.- For agitation an Hoesch stirrer was used, which was'
inserted -into the reactor from below and was driven by a V-rubber belt
(Gummikeilriemen). As'in the small scale experiments, the process was -batchwise,
with ports for adding ‘sélvent and catalyst in the top flange while' the gas inlet..
‘and’ the .polymer drawoff were in the bottom flange. -~Heating and cooling were
provided by a water jacket connected to-a water circulatingsystem and. reservoir.-
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A  After charging 150-250' 1. of forerunnings (solvent) and 20-25 kg-
£1C1. (Kontakt) to the autoclave, ethylene was introduced at a pressure of
2045 atmospheres, depending on the end product desired, and the reaction
‘between CoHg and AlClz initiated by heating the water jacket to ca. 120°C.
Without further heating or cooling from the exterior, the interior tempera-~
ture was allowed to rise to the requisite maximum value, feeding in CgHq if-
necessary- ¢ After the maximum temperature (160-220°) was attained, the auto—
clave was cooled and upon reaching 120° CgHg was introduced. In this way
the reaction temperature was held at 110°-120° by regulation of the hot water

circulating system (at 50-100°). , - B

-After the autoclave was completely full, (requiring 8-9 hours) the
entire contents were released into a 10 cu.m. settling vessel. This was .an
insulated vessel and had a conical bottom to’aid in the separation of the
residue. At least 24 hours was required for complete separation, so that of _
“the 3 separators installed, one was always filling, ‘one separating and the
third eamptying. . o R, . o

- T _After separation of the :A1Clz slurry consisting of the addition -
compound of AlClz and oil, the oil of the upper layer was neutralized batch—
wise in a 2 cu.m. hydrolyzing kettle by addition of hydrated: lime, which was
filtered out in a press. The clear filtrate, the crude product, was separated.
_into. a low-boiling top.product and-a residue by an atmospheric still consist~

Ting of a heat exchanger, pipe still, and a bubble plate colum.  The top
product was returned—again-to-polymerization and the raw.SS oil is processed
further. Since its viscosity (E°gg = 4.0 - 4.5) was too high, it_was subjected

'to thermal depolymerization -in-the-absence of air until:the viscos:'|7ty' of the

fraction b.. > 150°C at 1 mm. dropped to 3 °Egg.

R The crude il was then freed of the low boiling cracked products
formed in the thermal treatment by vacuum distillation; - -The distillation .
residue was then refined-by treatment with 5% bleaching earth at 80°C and ..
subsequent filtration. The refined SS oil was adjusted to~'the. exact desired
viscosity in a ‘mixing kettle, centrifuged for final purification and filled'

=" By the'end of 1937 the first SS-0il was produced. It conformed to.
‘the speci_fj\gationb then in-effect for 85 903: :V.I. ‘of over 115 at 3°Egge

~Zeo 0 In 1938 the testing of the oil- produced -in this process began at
‘the Oppau proving station.and by RIM. . During-1938 production was:zincreased .
‘to ca..60 T/month and thus. the design production figure for the plant was -~
attained. “The yield of S5 oil, calculated en_CzH4 consumed, was raised dur—’
ing the: year from 56 to 70%.: In September. 1938. deXivery -to- the Iuf twaffe was -
begun. . R R e C e
L . Meanwhile, experiments had shown that a valuable aircraft engine oil
‘with almost\;';’t;he s’ame'per:f.‘or_mance-properties as. 55-903,0i1s could be produced "
“by making™2 very viscous’ ethylene oil of 6°Bgg (55:906) and mixing this with a
highly refined low viscosity mineral oil of 1.8°Egg. Therefore production was'
shifted from SS 903 to SS 906 by the RLM and. at the same time the ratio of
" mineral oil to synthetic o0il was established at:1:1, ’
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Because of the shift in production from SS 903 to the thicker SS 906,
the depolymerization process and consequently the vacuum distillation step could
_be omitted. 4An atmospheric distillation sufficed to remove the forerunnings from
the lube oil provided about 10% steam was added at the bottom of the column, The
vacuum distillation of the entire crude polymer was out of the question because
of the high per cent of tops (40-50). R

Depolymerization ‘

The depolymerizat{on process was in operation only for a short time.
The plant"‘ in Me 1266 consisted of a 10 cu.m. Ng-metal vessel which was insulated
and opened at the top through a“condenser. -The product to be depolymerized was.
withdrawn from the bottom of the Ng-metal vessel, and circulated continually by
a punmp through an electric heater. ““Circulation was continued until the desired

degree of depolymerization was attained, as determined by means of samples with—
drawn from the system. At the end of the process the product was cooled to

‘about 60°.. The process required about 12-16 hours for a, charge: of 4000 1. of
distillation residue and a temperature of 375°. While these conditions produced
the desired change in viscosity, the oil darkened markedly and the pour point. -

_was raised from -30 or —35° to —16 to —22°. The latter effect could be avoided-
by operating at a lower temperature. Table 33 illustrates the course of the
depolymerization reaction when 4 cu.m. of SS 0il-of 5.6°E9g w’ere\ depolymerized
under very mild conditions, at 360°. L S ST e

‘Table 3. Depolymerization of SOl - |

" Charges - 4000 &. of 5.6°Egg Oil

Sample

‘s 0il b. >150° at 1 mm..

“Number -  Hours % °EQ9 V.1, Flash Pt.. ~  Pour Pt.
1 0 '99.0 5,6 . - ..108.8 - . 26 . - ..-B4 .
R . 8-3/4 "97.3 5.7 . ©°109.8 . @37 - =85% 7
3 TTTI0-8/4 95,1 5,100 -108.9 237 BT
4 12-1/20 0 943, S 4,87~ 10837 - @36 7 . BB
-5 14 ee.e” 4.4 - 109.3 CtUeBs . 38 -

8 ‘15-1/2 91,5 4,2 109.60 . 237 .0 |- B8
7 17 90.2 4,0-x. -'108.4 . R34 39 .
- 18-1/2 88.5 3.8 . 109.4° - 236 . =4l 7
9 20 86457 © 3,7, 0 10547 e384l
' : BT J107.200 0 o234 . ~40

3.8 . 1070 R34 - —42
‘3.4 -106,8 @35 0 -4l
3.5 ‘106.9. © 233 - 42
Bl 106.7. . 232 _ .. = A2
3.4 10648 . . 230 0 —44
3.4 ' 106.8° Rl -4R
3.6 - ©107.6 . 0 230 i 4R
3,600 10894 T 236 . - —40°
3.5 .108.2 - 1 R
3,3 . 107.8 - 233 e
L By3. - 108, ... ¢ RBL . 4L
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It required 6 hours to bring the oil up to 360°, and 8~3/4 hours thereafter
sample No. 2 was withdrawn: It is seen that a rapid fall in viscos ity, from
5.6° to 3.4°Egg, occurred during the first half of the runm, but thereafter

‘the viscosity remained essentially unchanged, even though additional thermal
decomposition is occurring as shown by the decrease in yield of lube oil from
80% to 68.8%. Thus the depolymerization is essentially complete in 24 hours
at. 360°. The advantage of this carefully conducted thermal treatment is seen
in the flash and pour points. of the samples; whereas the flash point remains
higher than 230° the pour point drops from -34 to 41 in the first 17 hours.

Tt is evident that the space-time yield of the depolymerization process is poor.
However, because the shift to the production of S5 906 led to the abandonment -
of the process projected experiments on depolymerization under pressure were
never carried out. k . . . .

"Vacuum Distillation : —

: » : : . N

Plant 2; originally designed for-vacuum distillation has in the mean—

time been converted to atmospheric pressure operation, but in case of necessity

can be restored to its original service by altering the design of the stillhead -
according to Sketch No. 80.. . - ’ ’

. Operating' Corditions ¢

iy e

" Vacuum : 20 mm. .
0il Exit Temp. 330° -~ ' -~
Throughput . - 450-500 1./hr..
- .Tog Product ™~  75-1001./hr..

_ Bottoms' " . 200250 l./hr.

" B. The 3000 T/yr. SS 906 Plant - _

. _ . _ _After conversion of.the original. plant to SS 906 oil and attainment of
the designed production rate; its expansion from 700 to 3000 T/yr. was undertaken .
in the fall of 1938.  For this purpose-a switch from 1000 1. t0-4500 1. auto— .
claves (800 @ x 9000) was made (see drawing No. 35).. Four 800 mm. Ng-metal . - .
“autoclaves were installqd ‘and corresponding expansion of the settling and distil- "
lation facilities was accomplished.. The first 2 of the large autoclaves went in

—operation in May, 1939, and the transition from-the 1000 1. to the 4500 1. auto-

- claves -was—made without difficulty. THe third and fourth autoclaves started up,

- in the awtumn, and operated normally.~ By-the end of the year the "yield-of S5.906 '
‘0il was 75% and design production was attained (3000 T/yr.).. By expansion of ‘the. .

-+ AXCly ~hydrolyzing facilities and’ improvement in’general _operation. the production-=.
in 1340 was raised t0 4000 T/yr. =~ . T T e

‘ -7 In 1940 the corstruction of a larger plant, of 10,000 T/yr. capacity,was
. undertaken. This expansion required an-increased number of umiis. Frection of ‘6..:-
. additional autoclaves (800 f§ x 9000), as well as, other parts of the plant, was to. "
have béen completed by the middle of 1941. Because of difficulties in obtaining : -
' ‘materials, only two-of the 6 Ng-—metal autoclaves’ were in.operation by the:end of.
"' the-year, and plant output was limited to 500 T/month.” The last 4 autoclaves: went
into operation ‘during 1942. These.4 autoclaves.could not be made from Ng-metal as
" Krupp had ceased to.produce it, but instead were made from normal high-pressure
steel:  These vessels operated poorly at first but in the course of timethe*
- 'quality of the polymer improved.  SS oil production rose during 1942 to 700-750

T/month. -
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For the new SS oil piants at Moosbierbaum, Schkopau and 'Heydebreck
“even larger autoclaves (10,000 1.) of 1200 mm. diameter were built.

General Description of the Procegs

Charging of ‘an 800 ¢ autoclave (4500 1.) is acc\omplished as followss
From 1200 to 1500 1. of forerunnings (solvent) together with 125 kg. of AlCl3
are-added with stirring. After the vessel is closed, CgHg is introduced in
the cold for about 30 minutes. If SS 906 is desired; the, initial CpHy pressure
is R0 atm. and the maximum temperature attained is 150—166 if SS 903 is being
~made, the pressure is 35 atm. and the maximum temperature 200—220" The auto-'.
clave is heated to an exterior temperature of 130-140° by 5 atm. steam and
reaction begins within 1/2 hour. When the reaction temperature exceeds that of
the water jacket, the heating system is shut off so that it will not act as a
coolant. Upon attainment of ‘the desired maximum. temperature (which may require
further addition of C2Hg) the water circulating system is again opened up:and
runs continuously as a cooling- system for the remainder of the run. When the
reaction temperature drops ‘to 140° addition of CoHy is begun. : Now the circulat-
ing -cooling medium is gradually cooled down from 130° to 50-60° and CpHy is -
added in increasing quantities (from 100 to 300 cu.m./hr.) to maintain a
‘constant reaction temperature; namely, 110-115° for SS- 906 oil and 120-130° for
S5 903. After approximately 8 hours of ethylene.input, the autoclave is full,
as is evidenced by the rising of elements’ attached to the interior of the top = .
flange and by an increase in pressure to 60 atm. The autoclave contents are now
drained into‘the first hydrolyzer, to which acid methanol. is  added cont:muously,
then to: the centrifuges. - The ‘partially purified product léaving the second
centrlfuge goes-to the main hydrolyzer. .When the main hydrolyzer is filled with
~the entire charge from an autoclave, the oil is. hydrolyzed at 80% with fresh -
-methanol and neutrallzed with hydrated lime.  The lime.is removed\ n-a frame
filter press. .The. clear filtrate is then distilled and ‘the c¢olum .bottoms -
(SS o0il) is refined with 0.7% bleachlng earth at 120°. Finally it is clarified .
:Ln Alfa Laval separators. e S :

N

T - The hy:l rocarbon-contalnlng gas arlslng as vent gas from the reactor
,and as off-gas from the process, which consists.c¢hiefly of CoHgq and 02H , is»
water~ and soda-washed to"rémove HCl, freed of its high boiling (40/140 ) frac—
.tions in charcoal tower A-and- reclrculated to the Linde plapt or burned-as
fuel.  The residue from the centrlfuglng step is. treated w1th water and worked -
‘up as R o0il ina special plant. Ind1v1dual stages of the. process are dlscussed
in the following sections. . — S ‘ - N ‘

v

I. Polmrization R
a. Stlrrmg ) ‘ .

B : ‘It has already been 'mentloned 1n descrlbmg small-scale exper:Lments =
-that*efflclent stirring is necessary to promote heat transfer and polymemzatlon.
“The agitator in the 1000 1, reactor, like that in the 100-1., was a Hoesch-—

" stirrer built into the’ bottom flange._ Farly difficulties due to severe corrosion
~of the. shaft of the stirrer-were: overcome by: :unprovements in the stuf fing box
des:.gn, namely, oiling ‘the lip packing by means: of a Bosch pump and providing a
-mieans of introducing-a small amount of §S/ 6il’ ‘into the autoclave so that the
penetration of AlCl3 sludge into  the" packing gland was prevented.

N
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Early difficulties due to severe corrosion of the shaft of the stirrer
were overcome by improving stuffing box design and by sealing the stuffing box
by injection of a small amount of SS o0il so that back-flow of A1Clz sludge into
the packing gland was prevented. .

On going over from the 1000 1, to the 4500 1. autoclave, construction
of the stuffing box was improved in several ways, in particular by constructing
it in two parts so that the packing could be changed without dismantling the
whole stirrer. Furthermore the stirrer assembly was flanged to the lower lid
of the autoclave so that it was ‘easier to get into the reactor. Better coollng
of the packing was also provided (see drawing 38). This type of stirrer
construction has proven itself during 4 years operation. With careful assembl-
1ng and regular lubrication, only one packing change (4 hours work) was required
in several months' time: - All stirrers had to be réplaced aftér 6-10 months; -
requiring- 8-10 hours of work. In the best case a stirrer lasted over a year.
‘Table 34 shows the life of the stirrers in dutoclaves 1-4 during 1940:.

Table 34 \
Stirrer——' .~ puoclave I . __II . _III . ° ._IV_
Installed (date) . 2/26/40 .. BJ14/a0 7/26/39 . 2/24/40
Repacked 3/15 . 8/6 - . 12/5 . o
Repacked .0 T _..9/8 .. - 7 8/1/40 .
Repacked oo YTef1efar. o Tex o L .
Repacked v : . 6/8. . 10/16 . . - .10/28 © . 10/22
Service in Months T . 15 - .o e-L/2 . 13 SRR - B

S8 903 or R 011 was used as lubr:.cant.

~.. ... It was established that the optlmum st:xrrmg speed in the 800 ,d auto~
-_claves wasl250/500 rpm. Velocities above this had no further ei‘fect and
velocities of 120 rpm. caused a marked decrease in _the rate of absorptlon of:
CgHa, doubling the reactlon time. - The autoclave operator should be impressed
. with the importance..of.the lubrication- routine as well as the cooling of ‘the-
" interior and exterior of the stirrer. Too great pressure in the lead to -the
stuffing box 1antem-gland is 'to be avoided at all ‘times. as this cculd‘crush
~the 1ip packing and cause -the stirrer to overheat. or- even seize. completely.
It has been found exped:.ent for the 1ife.of the packing to keep the stirrer:
runn:Lng cont:mually, even if. the ahtoclave 1s temporanly out of semce.

: Autoclave I'Iaterlal. R
ST , It was shown in small scale experlments that the reac‘bor mater:.al can
,have a great influence on the polymerization process\: For this reason both the.
11000 1. and the first six 4500 I. autoclaves were constructed of Ng metal.'-
Operation of these reactors was unobjectlonable from the first, as Table 35
will show. (Table 35 missing., ) Difficulties Wwere first -encountered .when no..
more Ng metal could be procured for mak:mg reactors—VII - X. Thn.s 1s d:.scussed :

~under. section I.g.. . . l
o ET
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c. Gas

It was previously noted in small scale experiments that the purity of -
the CoH4 had a profound effect on the polymerization, and the same effects were
noted in' the 1000 1. autoclave. Carryover of small quantities of CO and CO2,
which occurred in the early work before the operation of the gas-scrubbing and
Linde.plants was under thorough control, depreciated the quality of the oil as
well as the yield or even stopped the reaction if the content of oxygen con-—

taitung gases rose above 0.1%.

' : Presence of up to 3% CoHo had no deleterious effects on the reaction.. :
The polymerization process could be carried out with only 92% CoH4 provided the
gas was free from oxygen containing compounds and the diluent was CpHg as could
occur, , for example, by contamination with bottoms from the third distilling
‘colum in the Linde plant, too high an operating temperature in the rebo:Llers y

or other variations in the operatlon of the: dlS till:.ng columns o ’

- On the basis of experlence obtained with the 500 and 800 mm. diameter-
;autoclaves s the feed gas should have the following purity requirements: The
C2H4 should be at least 95% pure, and more if possible; a higher content than 5%
of inert gases such as Np, CHg or CgHg is undes:Lrable. The.quality of the .0il .
is not 1nf1uenced”by these inerts. . . . K S

Acetxlene o R " le A';t.o 3% not harnrf.“ulr-.v

'Butxlene & hlgher monoolefing - - - Less than 0. 5% ,

,Butadlene & h:uzher dlolefms . . l’»’:.thout efi‘ect up to 0 1%

-éarbon dlo;ude 1:»:—:’- % ' ;- I : Very harmful —Bariug hy”d’roxa.de solutlon

. should not become cloudy even upon tests

of long duratlon. R

Carbon_monoxide ‘ v o Tolerable up to O. 005%, but a CO content
» ~ ’ Lo N7 .. below 0.001% is desirable.. (Accord:mg to
: Linde the hemoglobin 'best is sens::.tlve to
L 0. 004%.) | ; :
Garbonxl sulflde e "Up to 5 mg /cu.m. isg. tolerable. ,
Phosge - S \ e e S Undesn.rable, but upper tolerable llmt has

not been determlned. .

Mblecular Oxygen LT over 0.01%.1§,harmful'

v'oggen contamlgg drg::sg' ic gvrodu_cts‘ Alcohols, aldehydes,' ketones ,. ethers s ete.
i ST S are very: harmful but order of magnltude

not known. - B
v"'At'ninoni‘a“vand‘ &mi»ne’s-_ ' . A Un es;l.rable, but tolerable llmt unknown.

‘(Hvdrgogenv‘sulfide‘ e . R Harmful but l:.mltlng concentratlon unknown-
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Methyl— and higher mercaptans Less harmful. Concentration should not
» . exceed 15 mg./cu.m.

Have no significant influence on the
reaction.

Chlorinated hydrocarbons

>

Phosphorus & arsenic compounds ) Not yet investigated.

Water vapor s Over 300 mg./cu.m. gives polymers of low ‘
7 i : viscosity. Up to 250 mg./cu.m. tolerable.

A1l of the above figures in mg./cu.m. or volume’ per cent. refer to
15°C and 735 mm. pressure. . :

The Water Abs orgtlv:Lty and L‘rﬂng of Ethylene

. The water content of Cg2H4 used for the manufacture of SS oil is
important because too high.a water content can affect the polymerlzatlon Ny
-adversely. It has been shown previously that ethylene 'can have a higher water
. content that would be predicted from the gas laws, It is also known that |
ethylene, like propane, ethane,and similar gases can form stable_hydrates at_ _,
these temperatures. These facts show that water and ‘ethylene interact'at thse
high pressures more strongly than would be inferred by analogy to other i
compounds. Accordlngu to publications. of the Linde- Company, gases with strong
.agsociative power for water, such as COp, ¢an absorb from 4 to. 5 times as much~
water r_vapor a.t 50° and 87 atm. than the perfect gas laws predlct. o .

: ’ o -In recent processes for the concentratlon of ethylene, as for example,
- the copper—alka11 .scrubbing priocess of Dr. Hauber or.'in the chemical removal of
impurities from a concentrated ethylene stream, the ethylene comes in contact )
~-with aqueous solutlons and ‘can.become saturated. .-Consequently it was necessary
to :anestlgate the water abs orptlv:Lty of ethylene and to—study ]means—oi"removn.ng
it.
: Determination' of Water. L : e

’ "Various methods were used for the deternnnatlon -of small concentratlons
: (10—-50 mg /cu.m.) of water in ethylene. - ‘Direct” freezing out of water from the
gas ‘at —~80° is uncertain in practlce. Use of Mg3N2 also leads to uncertalntles
at these low concentratlons -because of. the presence in the nitride.of small
amounts of adsorbed NH5 3 thus’ R even carefully er.ed nltrogen gave a blank value

of 20 mg /cu me

_‘Since the ethylene avallable for ‘this inves tlgat:.on was free of hlgher
oleflns which. are known to polymerize in the presence of PpOg, it was possible, .
to use ‘this reagent by spreading it. on glass wool,in a U-~tube and abs orbing
water from. the gas with it. Check experlments w:Lth Mg(ClO4)2 gave comparable
results. o . , e L

a

' Water Absorgtlv:.ty e ' L . ;

il e The theoretlcal water content of I cu.m. of saturated gas at 20°C is
17.35 g. In agreement w1th this: calculatlon, the water content of. CgH4-at 20°
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and 1 atm. was found by the above method to be 19.8 g. ./cu.m. According to the
gas laws, the water content should decline in inverse proportion to the pressure.
Since ethylene is highly compressible; that is, in a unit volume of compressed
gas there are more normal cubic meters than in the case of an ideal gas, the
water content per normal cubic meter must be less than that defermined by cal~-
culation.. These values are compared with the- experimentally determ.ned values
in Table 35a. ,

Table 35a. Results -in g.[cu.m. B -

: : . i : Calculated value
Experimental _ Value calculated Compressibility . corrected for

20°. value from gas laws .~ factor compressibility

1l atm. - - 19.8% : 18.0 1.05 18.9

ic v - - 1,95 ' - 1.73 o 1.32 1.31°

RS v 1.0 . 0,73 ’ 1.38 0.53

50 n . 0.6 ) 0372 . ‘ 2.01 ) 0.185

75 " . 0.68 T 0425 LT 3.9 o © 0,084 -
100 " . T 0.75 S 0.188. - : .. 0.082
ARG Qe ———- ' 0.,38L e T RB6 T T 0.0589-
1150, % Co 0.73 . 0.1R6" C 2.27 - . 70,086

40° o . _ )

"1 atm,. 1.0 - T " 63.0" "~ 1.0 63.0._".

10w 6.55 BT 1.1 L .BaR

25 2.85 Y R.42 ©le?. ) .0 -

S0 v 1.7 —TiR4 =i S 0.83
75 135 . 089 .2 ~ 0.41
100, # " 1.45 < .0.62 =T 204 - 026 .
125 - n . "1.48. 1045 2.3 ~ 0.2
1'=0 " 148 - - 0.4 2.1 - 0420

K 19 Sw:Lth N2. Ce
: s g SRS
B : vThe exper:.mental water contents vary by . 5—-10% in ‘a serles ‘of experi- .
ments- and it-was not. pOSSlble ‘to obtain better agreement. desplte careful Wwiork.
The " exper:.mental procedure was -as follows: Dry ethylene from a.Linde plant was .
' Led through a reducing and regulatmg valve into. the apparatus; “which 'was held -
- at"the desired temperature in'a water bath.  The apparatis. consisted .of a coiled -
~tube in which the CpHy was brought to temperature and 2 450 cc. vessels. in series
: whlch were filled with 'wet filter paper. 'It later: developed- that 1 vessel would
have been suffn.clent. 10 saturate the ethylene at-a rate-of 40 1. /hour. From the .
-saturating. chamber the-ethylene “was vented into‘another co:.led tube to return it:
. to-the: de51red temperature - conducted 1nto the water absorptlon tra:m and flnally
vvented throughagas meter. Sl e e eI \
: ‘ Tt s seen in Tabl 553 that the observed values far exceed the calcua'
.lated and 11e in a range in which water had a bad effect on the polymerlzatlon.
‘Accordlngly, expenments on the drying . of Cply.were initiated, -uging -the apparatts
. .described’ above to ‘which was. -added a drying: tower. _ The follow:mg conclusa.ons
resulted' -
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Silica gel B (30 cc.) at first dried gas of 0.75 g./cu.m. water content
to 0.3-0.4 g. /cu.m. at 20°C and 100 atm., but after 2 liters of gas had been put
througk the water content rose to over 0.5% at 4 liters. The small water content
of the silica gel, 10%, was confirmed by regeneratlon. '

: Silica gel A was much more absorbent. With 30 cc. of El at 100 atm.
and 20°C, the water content of the gas after 40 1. had been passed was between 0
and 60 mg./cu.m.; after 4300 1. the water content was still between O and 60;
after 6000 1. over ‘100 and after 7500 1, over 200 mg. Similar results were
obtained when, after regeneratlon, the . flaw rate was increased to 200 1./hr.
Apparently the silica gel A is saturated at about 25% water. The quantity of
water held by the silica gel at-saturation is the same at atmospheric pressure
as-at 100 atm. and on this basis it was expected to obtain a dry. gas of 0.5 ng./
cu.m. water content whereas the.actual value was about 50. - This also mdlcates
the powerful water absozjbing property of compressed CoHy . -\ - )

Calcium carbide proved outstandingly reactive. W::.th 30 cc. of Can s
throughput rate of 200.1./hr. and temperatures of 20 and 40°, water: contents .
varied from 20-50 mg /cu.m. After passage of 10 cu.m. of gas through the 30 cc.
of CaCp, of the 34.5 g. of CaCz only 10.8 g. was still in the form of granules N
the remalnlng 23 g. having been decomposed and powdered. R L

o Use of 63.012 and NaOH was not techn:.cally fe351ble SO exper:l.ments w:.th
them were given up. - . = :

In order to test the ethylene drled by calclum _earblde in the polymerl—-
zation. prqcess,-experlments were carried out on a semi~plant scale. Ethylene
with a water content of 600-800 mg./cu.m. was passed at a rate of 15 N .cu.m./hr.
through 30 1. of granulated carbide contained in a’tower 200 mm, in diameter at . -
7100 atm.. pressure andewaS“drled %0 a-water content: of 40-60. ng. /c.u.m. “While the
wet gas. polymerized very poorly, with the reaction ceasing prematurely, and’ pro~
duced an .oil of ‘only 90-95 V.I. at 4-4.5° Egg the ethylene dried with: carbide gave
a normal polymerization run and. produced an SS 906 oil-of normal properiies. By
~drying a.gas. containing .800 mg. /cu.m. of water is produced’ a dry gas containing. -

0.1% acetylene, but this. is not harmful to the polymerlzatlon. As these experi-
ments and larger scaletests at Schkopau have shown, there is no danger that this.
drying process w:.ll produce HoS; . PHz and the like, in. sui‘i‘lclent amounts to.be-: .,
harmful.- Hydrogen sulf:.de cannot be detected in the dry gas when 02H4 contalnmg g

20 g /cu.m. f water .1e dried ‘with carbn.de.

hd
PN [

d. Alum:.num chlonde. R T LT __

L Another point investlgated was the qual:Lty of ‘the alummum chlorlde
‘ wh::.ch can have- a.very important effect: on ‘the polymerization process. The content
.of ‘'residue plays an important .part in small scale runs. It is obvious- that as 'the
equ:.pment becomes 'larger this effect will decrease since . only the “upper ‘layer, .
‘which can come. in contact with:the atmosphere, will form the. unsublimable residues-
of aluminum. oxychlorlde, atuminum hydroxide and oxide which are ~injurious to the
. polymerlzatlon. The. residue ‘analysis of an old and a- fresh shlpment gives results

~as followss, .
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3-month~old shipment: ‘ "“Sample from upper layer 19 .9% Residue
. Deep sample — powder 3.7%
Deep sample ~ granular 0,96 "
Fresh shipment: Original sample, top ' 1.86- ¢
: Sieved ~ coarse 0.7% "
Sieved ~ fine ‘ 4,33 v
0rig1nal sample after 3 mlnutes in the air : . 5.9%4 - "

. _Even in the case of‘:larger charges (30 kg. for the 1000 1. reactor,
125 kg. for the 4500 1. reactor) the filling procedure should be carried out -
~carefully in order to.prevent unnecessary air or_moisture to enter. For this
purpose a simple device was constructed to eliminate manual charglng. This '
device has variéus advantages. - Before charging the oven the 1id of the .
catalyst vessel is exchanged for a special lid (conical with shut—~off). This
_exchange can be made very quickly.so that air is excluded. Around. the.catalyst
vessel is a ring which enables it to be drawn .up by a pulley-and tipped over -
the charging hole. Meanwhile the autdclave is charged with forerunnings with
stirring. “In this manner the catalyst charg;ng is’ eagsily and,quickly carrled
out w1thout damage to the catalyst and w1thout dust ‘and “odor troubles.

By g01ng to the,l000 1. autoclaves w1th charges correspondlng to the
smal experlnents (250-600 1. :forerun and 25—60 kg. catalyst at a maximum -
temperature of 200°) the course of the reaction appeared the same, Also the.
appearance of the oil, the’ v150051ty\and V.I. were gdod; however, a large- o
‘deterioration of the pour point. was observed. In a longer series of experiments
it was determined that the pour p01nt increase was cdused.by the lower iron
content of the AlLClZ used which came from a new plant in Ludwigshafen. After- .—
this, alumina with a higher irom content was used which caused the pour point to .
return to--30° again. The follow1ng table shows experlments with 1ron—poor and-
,1ron—cqnta1n1ng catalyst. ' ‘ S :

: {Tabie'ss ke

R IR ISR L - .
| a1c1y Iron—pobr (0.6% Fe). " _ Alcl3 Iron—contalnlng (2% Fe)
No. MaX.T. $5.0il 150% i.Ve - .  Noi = Max.T. ss 0il  150° i.V. L
, °C_ “Egy V.l. PP L. fc__ ‘Bog ~VeI.  PePe
5139 219 . 4.50 121.d- as S+ s.186 24 ‘,4.54'.’118.4 3
. N 142 208 . 4.57..118.6 19 . N 194 210, 3.39 119, " -33
5140 '223° 4,38 120,0- '~14 7 S 187 208 4.37 \116.6 -85
N 143 225 = 3.51 120.1- ~17 . - N'195-. 250  3.81 ..116.8. ‘=32
5141 225 5.85..121.2 -la . S188 20l 5.00. 122.0 -3¢
N 144 216 4.10 122.9 .-16 ' ‘N196 206 4.51 - 114.,9 = -32

N 145 210 4. 39' 119.8 ~20 -;1“ '5.189 213 - 4. 03_ 118 5" liBS“"

v J—

S . Although these experlments were at various temperatures from 200—225°

" and varying . rate 'of gas feeding -they all show the strong. effect of the iron
content;. 1ron—poor catalyst ylelds pour p01nts of ~20 to.-14° while 1ron-contaln—
1ng catalysts give -32 £0. —35 . When- the conver51on 1o the production of SS 906"
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occurred in 1939 by lowering the maximum temperature to 160—-170° the iron
content of the AlClz was no longer important for with this product good pour
points are easily obtained.

Table 37
. SS 031 b. >150° in Vacuum
.Nos . Max. Temp., °C °Egg V.1, Pour Point ° Flash Point
5299 173 . 6.38 113.3 : -37 208
N306 . 170 . 6.58 . 110.1 B LY . 220
8300 175 - : . 7.01 114.5 o =35 212
‘N307 . 180 6.19 113.4 : 36 T 220
5301 _\ 170 6,42 113.8 .7 37 218
N308 ¢ | . -170 6,23 113.7 . - ~36 : ' 218
S302 s - 173 ‘ 6‘214 - 112.2. . =35 ' R16

Table 37 shows the propertles ‘of the first hlgh v1scos:Lty oils obta:Lned in the
1000 1. autoclave. The optimum amount of Al()l5 is the same asfor the production
“of S5 903, namely 7-7. 5% based on finished lube oil. At the end of 1941 we were
faced with the problem of producing light oil for the manufacture. of cold—-start-—,
ing oil for panzers:and airplanes, said.oil to have the highest possible V.I. and
lowest possible pour point at a viscosity of 3°Egg. Since we had in the meantime -
switched to 4500 1. autoclaves and were obtalm.ng A1Clz. from the Schkopau plant,
the polymerlzatlon exper:Lments were' carried out at temperatures above 200°.: The'
_runs ‘listed in Table 38 were made in the N-6 autoclaves. T-VE—(4500 1. capacity)
using 1200-1400 1. of forerunnmgs and 125 kg. A1015 5 maximum temperature of 220°
and reactlon temperature of 110—-120" » _ e

- . . h .
"

‘Typés of Aluminum Chloride ~  No. . E%g - V.I. Pour Point Flash Point
(a) AlC13 Is Fe—containing;- ITT 1453 2.96° 124.2 T Z9 - . 194,
~-0i1% Fe' . 0 IV1397  3.67 1227 0 -2 0 R10 .
«b) A1z II: Fe—contalnlng,., NIV 248 R, 85 107.9 . ~35 192
. 2.5-3.53 Fe . . T TI1454. 2,69 - 114.6 . ~45 202 -

_ 0 L, TIV1ze9 ‘2,72 0 116.2 . - ~38 .20
: . © . IT 1465 3.31 116.8 .~ -39 . . 197 .
(c) A1013 ' Tand II mixéd . IIT 1469 265  121.4 - 26 .. 198
so% I 50% m o - IT 1487 2.20 1R0.7 . - — -9 - - 195
4. VIB33 . 5.68 117.80- . -R7 . R4
b IIT 1493 2,71 119.6° . = -4 200
e T R 5 4 1436) 2.88  123.3 -3 204
- o e DR T T 1543) =0 L L
I Y299 ) .67 1217 LA 204
(d) 33 parts I + 66 parts IT = I 1523 2.52 ~«117;8;» U lBe . L 208
DR : ‘ IV1431 3,49 122.3 - . <15, =219
I1.1542 2,61 121.2 Rl 211
V208 271 118.4 - . Bl 207
‘IT 1492) P y L

VI ss8.) 2424 120, 4_~ - 7T 201
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It is again evident that an iron-free AlClz (a) at a high maximum
temperature gives a product with a high V.I. but a poor pour point. With an
AlCl; containing more than 2.5% Fe (b), on the other hand, at this high mixi-
mum Ytemperature an SS oil is produced which has a viscosity of 3°E99, a good
pour point of -35 to —40° and a flash point of over 200°. It is important
to note that the requisite iron content cannot be obtained by mixing samples
of AlClz with different iron contents but must be obtained through sublima-
tion to a homogeneous product (b), as the extremely variable results of the
experiments in series ¢ and d indicate. .

The disadvantage of this method of preparing thinner S5 oil was that
the filtration of the AlClz-lime sludge from the main hydrolyzer was made mich
more diffieult. . The filter cloth became plugged and as a result operation of
the filter was very variable, resulting in additional wqrk, loss of oil, and .
interrupted production.. The crude oil ‘obtained when using larger amounts of ..
1ime than in the SS 906 process or when employing filter aids such as. bleach~
ing clay, were easily filterable only when the clean filter press was precoated

with lime cake from a charge of SS 906. e PR

e In Mdrch, 1942, large quant;ities"» of SS 903 o0il (50'chm.) .were
_produced by this method for the first time together with the normal production
of S5 906. The S5 903 oil had the following properties: .- o E

' 3.72 E%g ' 117.9 V.I. = -32° pour point . 213° flash point
2.86 E’gg- [113.8 ViI. . ~39° pour point .. 193° flash point

~ As .the last half of this batch had a low V.I., it was redistilled, whereupon

. 'its viscosity and pour point were improved. .. T R
e | Repetition in~the~autumn of 1942 under the same .flow conditions (max.
‘temperature 220° and operating temperature 120°7) gave & product with such '
extremely variable properties that SS'903 could not be made from it, as~the
following samples-listed in Table -39 .show: o S

et

Cmbless T

‘Date .  Number .  First Rummings _ . SS'0il 150° i.V. \
S : SRR diters . © . E°gg-. -¥sI,. -~ Pour Point  Flash Point
9-16-42 .T 2150 - 71500 0 3.87° 113.7 . =39 . . 7210
T VT 966 S 718000 i 4.27 116.0 =36 , 214
9<18-42 . . IV 2047 ~ 1200 3,21 - 120,00 ~R9 . (R0
e IIT 2126 - 1200 - 3.29- 10,1 . 0 ~26 212
: I'2153 o ' - .1200. . B.22  .123.2 . 0 -2 209
9+19-42 - 4 Autoclaves '~ 1200 2.61. . 1R5.6 ' ~34 194
- R.40  124.1 0 436 - 222

9-21-42 . 7 Autoclaves 1200

o - In all cases the working up of_»thé‘ crude oil involved great difficulty.
Since the quality -of gas and. forerun was in.order, the .difficulty could only be.
due to the A1Clz.  There was no indication of irregularities in its analysis, -
however. i : ‘ : o e T
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' ~A re-examination of the source of bauxite used at Schkopau for AlClz -
production during the preceding month revealed that the AlClz was first produced
from French Bauxite, but that later, however, mixtures of French and Hungarian
Bauxite were used. '

" —French Bauxite gave AlCl; which contained less than 0.5% TiClg. The

- use of mixtures of Hungarian Bauxi%e gave instedd a titanium content of about
3%, The polymer produced with this AlClz caused the operating difficulties
described above to a somewhat greater extent. (According to word from Dr.
Paetsch of Schkopau these titanium containing aluminum chlorides have caused

" emulsion formation in other cases.) : -

- For the preparation of $S 903, Schkopau now furnish an aluminum
chloride with uniform Fe content (K~type AlClz) made from French Bauxite. The
.following table lists-a series of éxperiments which were carried out in the
new 4500 liter autoclaves, which under the same conditions produce a less’ .

viscous- oil. - -

: Autoclave X (V2A) and -autoclave VII (chfonﬁurﬁ plated ) were ‘charged.
‘with iron—free and K-type AlLClz and operated under various ‘maximum temperatures.

Table 40a

 Iron-containing AlCly (K-type) Autoclave X
| 4500 liters, V2A coated . .

' Ingredients: 1200 1, foreruns, 125 kg. AlClz

Max. Temps,. - Nos .- B°g = ¥.I. " ~ Pour Point - Flash Point -

150 - w2 5,66~ 11048 LT =34 e 218

CoT L 9374 5.4 113.6 . .-35 T R09
D75 7 5414 114.5 S =36 o e
76 . 4,24 - 113,0 T eBe s 07

R 77 . 4.66. 7 -114,3... - =38 R .
200 - 192" 3.3l 77 112.8 ¢ -85 T 219
L 194 .24 . T110.300 L. eB8- - v oRll
_ . 195 3.57. 0 0 115.7 . o -=R3 0w 200
S 224 . 3,23 . 116.0 - . =R - -.210

220 . 196 1 2.86° 115.5 - it . ~R0°TT 214
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 Table 40b

Iron—containing ALClz (K~type) Autoclave VII
4500 1liters chromium plated .
Ingredients: 1200 1. foreruns; 125 liters "AlC1z

Max. Temp.s Nos . E_’_gg V.I. ..  Pour Point Flash Point

150 192 "4.55 110.7 - =34 223
180 : 181 4.01 110.2 37 - ' R1l4
200 : 184 - .27 - 114.3 . =35 ... 220

' 191 R.96 117.5 S =37 C 208

201 - 3,06 14.7 . -3 231

R05 - 214 . 3.03 .- 118. l .- -85 . 220

o 219 3.12 .. 109.6% . 37 R35 .

215 : k26 4.04 116.9 -21 T %5

* Average of the normal autoclave (I ~ V1) on thls day the V.I. values were.
only 108. o -

L R Table 40

Iron-free AlCl Autoclave VII, 4500 1iter chrome pla‘bed
Ingred:.ents‘ §2OO llters forerun, 125 kg-. AlCl5

Max. Temp. No. "~ ° Ejgg : ;; V L. Pbur Point Flash P01nt
©150 L1900 - 4,77 - qume : 48'»*3,. 216
ST LRO0R . v 4.67 - 113.4 0 =83 228
g S 2Rd 0 UB.8R.. . .1088 - 7 =860 . . 228°

165 Je w2800 1T 4434 112,30 =BT SR14
160 . .. -180 ..-.3.80. . 118,5 . . 33 216 -
180: . 182 . 3.83. - 107.0 - Se41 L R1T
200 196 .. . 3.18 .- 121.6 - 14 .. 198
: 197 3,40 . . 11,7 . . A5, ... 208
[»198" e '5 R7. }" 122.2 SoAan e“, R04 -

- than in the~case of the Ne autoclaven The max_lmnm temperature must be ralsed to
'200° to produce SS oil with viscosities of 3 ‘to 3.5 Egg. However, with iron—- .. =
free AlCl, a-product havmg ‘a pour point’ of no more than ~15° ‘to —~R0° is produced
Witlox K~type catalyst this pour p01nt trouble only occurred at temperatures over -
o R S . . U . Ve ..“ R ) ] . \
\In the preparatlon of SS 905 in an autoclave not’ made of N6 ‘material -
the purlty of the gases is. of still greater :meort-ance. “The: polymerization of =
: ethylene with h:Lgh maximum-temperature-to SS. 903 is-not possn.ble at.all -in a Ns
~autoclave if the gas -is polymerized” only with d:.fflcult.y to.an S5 906 0il. ' This .
is 'still more difficult in the 800.m. autoclaves VII - X, ‘which in operations
at’ low majdmmum temperature are| very sens:Lt:.ve to gas_ impuritiesi . Concerning -the
~working up of the crude'SS 903 product made: w:.th K-type A1015 5 the difficulties
: formerly experienced in the settling and subsequent process:mg of ‘the AlCls—slurry
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(for example, severe contamination of the centrifuge and plugging of the residue
draw-off line) can be eliminated, if the raw product is forced into the primary
hydrolyzer at 125-130°C and if the decomposition with methanol is carried only
far enough to give a product from the primary hydrolyzer of 8-12 mg. KOH/g. acid
number, In the case of the SS 906 oil, if decomposition is carried out to an
acid number only half this great the addition compound separates in gritty form,
which _causes damage to the centrifuge. Since the addition compound from the
product made at higher maximum temperatures is more difficult to decompose than ,
that made at lower temperature, the treatment of the slurry must be carried out at
a higher temperature. In this oase it 'is advantageous to concentrate the AlClz—.
liquor only to 25% instead of to 40% in order to minimize decomposition of the .
slurry. In using K type ALClz it has also proven possible to filter the lime
slurry directly. Temperature should be maintained at- 75~80°C. :

o) “Imitial Charge -

: . Small scale -experiiﬁeﬁts have shown that the amount of solvent ih the
original charge affects the: viscosity of the final product. This effect also
is apparent in the 1000 1. and 4500 1. autoclaves as shown in Tables ‘41 and 4R2.

. Table-4l R
''''' . ..1000 1. Ng Autoclaves 30 kg. ALCly~ —
.. Max. Temp. 200°. - Co
Working .Temp. 180% .. -
\ Ve ' b) 200 VlA__.\Forex"un‘

a) 250 l Forérun

- FP.

Bn=EnZn

B°/09 © V.I.~ ~PP_ FP_. . - 'E°/99 ~ W.I. = BB
221 ' 4.27 110.8 37 214 N227 5.04 - 116.4  -5Q.}  195.-
215 = 4.04 114.3 ° -38 - 195 . S 221 5.33 - '109.4 -3 221
222 _4.35 110.6° ~-36 216 - N 228 - 5.39.. 113.1 -87. .. R00°
216 3.98 108.1  -36 ~ 220 = S 222  5.00  113.8" -36 - 03
223 4.39 ~ 110.5 = =40 205 N 229 5.26  113.8 33 © 226,
217  4.00 -112.5 = -37 198 . §5.228 5,31 . 109.4 34 211
224 4:38 112.3 -84 . 205 < N'280 5.87' 110,00 34 220
.»\2 © . Table 4R - - o w o
4soo-1.lmg§Xutoc1av§‘I—Iv;§12§;5gejhic15;;;;_,-7'
7" Max, Temp, 160° . . . .
- v - . Working Temp. 1w0° S I
a) 1200 1. ‘Férei”_\m;‘ SRR L Sy ), 800 :L. vvF'oingazy"un
15.10.40  E°/99 V.I.. PP FB.  14.10.40 -—ES/99 V.I. - PP FP

- . : et pT et L e AN .
13,40 © IV 711 5.58 "110.7 - ~34° 198 23.30: IV 714..7.82. 112.9 -35° 226
15,00 . II 768 .6.06 109.3 -34° 215 3,40 II 771 7.98 = 114.1 -85° . 220
17.00 - I 808 '6:57 110.6 ~34° 220 8,30 I 8Ll '7.20 '116.6 -35° 222
19,10 III. 760 5.80 113.1 +~34° 199 12.15 III 763 7.89 ~114.8 ~35° . 215
23,10 .IV 712 6.21 112.6 -34° 205.16,00 II 772 -7.75 113,4 -35° 226
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One sees, egpecially in the 1000 1. autoclave, that at a maximum
temperature of 200° a lowering of the initial charge by 20% raises the viscosity
at 99° from 3.8-4.4 to 5.0-5.9. In the 4500 1. autoclave, which was used to
produce SS 906, the effect is weaker. A decrease of 33% forerun raises the vis~
-cosity from 5.6—6 6 to 7.2-8.0. . ¢

£) Polxg_erization Course’

The course of the polymerizatlon, us:.ng the 4500 1 Ng autoclave » shown
by three records in Table 43, demonstra‘oes the following: :

A. Good reaction rate with norgal gas addition

60 :::"

B. Good reaction rate with high gas addition
C.  Bad reaction rate
Table 43 ,[
Autoclave No. 11/1910 VI/541 VI/403
Charge 1. - 1400 1200 1200 .
AlCl; kg. 120 ; 120 C.1ko
Gas -Tntroduction— 13.20 h. R0 atm. 4. 30 h. 20;,a_tm.- . 18,5 He—RO atm.
Heat applied ‘ 13.50_ . . 5.0 18.45°
Max. Pressure - . 14.15 19 atm. 5.15 32 atm. 19.00 30. atm.,
" Max., Temperature . 14, 25 150° . - 5:20 160° . 19.15 180°
- 11/1910 Teggm C loe _ -~ VI/541  Temp. °C - .
» T H4 K S : - P- . CoHg
me 1 23 atnc m§ Me 1 2 3 am  w/h
14,30~ 98" 139 77 1R 5.45 ' _ 78 140 - 70 13 o
45 780 - 120 61 . 10 . -~ 6.00 -T2 139 52 12 350
15.00 .74 112 ..83 - 10. 230 - 15 - 72 . .1R3 60 A3
©15. 72 111 53 10 , 30 78. 1R% 52 S
30 © 71 .11l 52 . 10 .45 80 .. 125 53 20
45 70" 110\ 52 12 . - 7.00 80 128 .52 20 - -350
16.00 75 110! <52 . 15 300 15 82 122 51 22 \
.15 87 112 - 52 .0 18 . 130 .. <782 AR5 . . &Bl- 3. oy
30 88 11k ‘52" 16 T 45, 82. 125 51 R6.. !
45 .85 111 SR, .17 8,00 .- :.85. 1Rk8. ' 51 27 .= 0 430
17.00. 83 -110 54. .17 320 31570 -85 187 .51 . - R8.
15 85 110 . 65. 18 =307 ‘85..122° .. 50 29 | «
30 .90 115" .. 60 119 45 87 122 850 30
45 . -87. . 112 58.. 0. . . 209,00 - 92 123 ;- 50 33 480
18.00 .. 87 . 110.. .62.: 21 . .350 . . 15 102 128 50, 36 i
15. 88 .110: 64 - Rl : .0 0300 1R3-- 17, 0 707 39
30 .90 110 66 . 22 .- 45 135 - 135 . 100 6c - .
.45 .98 110 68. .24 © 10.00: 130 ° 130 . 115 60 T 430
19.00 .98 112 68 26 .. 340 - : - ’ ‘
15°° 99 110 68 R6 . -
30 100 110 ~ 67 26 !
45 110 110 - 65. 28 . °
20,00 110: 110 - 62 60 -
15 110 110 350



30 80 115
45 80 112
22.00 80 110
15 80 110
30 80 110
. .45 80 110
23.00 80 110

- 30~ 80 110
45 90 110
24,00 . 90 ~ 115

“15 90 115
30 95 115
457 92 . 110
L.00 92 110

' I1/1910

_EY/99.
,V.I.
PP -
FP

°c
P C2H4
3 atm. h
70 12
75 20 :
" 60 28 250°
60 28
60 33
60 36 .
60 38 260
60 40 -
70 41
60 42
60 44 235
65 50
.60 - 52 -
o~ 54
60 58 265
65 860
80 60
90 60
.90 56 . 200
80 60
80 60
90 60

90 60 - 200"

A

"5493% e

112.4
..39°“"'_‘:

44~

| ~y1/54L

" -39°
- 223°

VI/403  Temp. °C
P C2H4
2L 2 5. atme m/h
95 110 95 52
100 115 110 52
100 115 110 52
- 100 112 80~ 58 )
©100 110 100 60
100 110 100 60
100 110 105 60
1007 120 - 110 .. 60 -100
100 118 100 60
100 110 100 50
100 110 100 60
100, 110 100 60
h

. 560 -
L. 107.4

-

Analysis of the SS Oils Boiling at 150° in vacuo .

. C.

VI/403.

14.64

10849

~39°

i 206°

“For- thls type of ‘autoclave the opt:unum gas veloclty lies between '
250-350 w/h, At higher veloGities up to 500 m3/h one obtains a deteripration

- of ‘the product quality.

added at a gradually. 1ncrea31ng rates

Better quality 011 is obtalned if the: ethylene is

~

- Tz in Table 43 is the most 1mportant temperature readlng and is the
lower part of the autoplave.-~T1 is- the temperature at the.top ef the autoclave .
and Tz*-the’ temperature of the autoclave mantel which must be-held Tower durmg o
the strong exothermic reactions (A & B) than during the slowar one (C) in. order
to: hold the 11qu1d polymer at the des:.red temperature. : v

A was produced at a normal reactlon rate w1th a manmum temperature
The ent:Lre process from the first .

of 156" and a work:.ng temperature of 110°
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introduction of CgH4q at 20 atm. until the-end takes 7 hours. One can see from
the values of and from the sudden increase from 28 to 60 atm. that at the
end of the 6-1/2 hours the autoclave is full of liquid reaction product. Dur—
ing the last quarter hour the mantle temperature Tz must be raised in order to
hold Tp as no more.gas is introdued on account of the pressure increase.

' Example B was initially brought up to a gas introduction of 350 m3/h
and was gradually :mcreased to 480 m3/h. With cooling water at 50° the exit
stream is between 120° and 130°.  The duration of the run is only..5-1/2 hours

"but the V I. of the oil falls to about 107,

T Example C shows the course of an arrested reaction wh1ch is 11kew1se
the case when the purification of the gases is poor. hile in A & B, in spite
of the vigorous gas introduction," the autoclave pressure only rises to 60 atm.
in the last half hour, this increase appears in C in the middle of the reaction
and the desired inner temperature can only be kept by raising the outer tempera—
ture. Since in the case of C the autoclave does not become full one does not

get agreement of T; and Ts. T

=

In order to follow the course of the reaction s samples. w wrbhdrawn
from a 4500 1. autoclave run beglnnlng at the moment of maximum temperature and.
at short 1ntervals for a short time and then at 50 minute :Lnterva]s.

S - IV 870 (Curve 50a) was run w:Lth hydrogenated high bo:Ll:Lng forerun
(250-340°); I 998 (Curve 50b) was run with hydrogenated low boiling forerun
(150-—250 ). Besides the course of the inner temperature and autoclave . pressure
one sees after the first hour a gradual rigse in the v:.scos:L’cy .of the’oil and -’
the amount that distills .over 150 1n vacuo. The use of the- hlgh b0111ng oil -
ylelds a;th:.cker end product.™ "¢ LT ,' R ' S

Table 44 shows nu\mer:r.cally the course~ef the —react&on ’1998
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Table 44
Ss 0i) 150°/0.4 mm, Todine Number (Hanng)

Test Time Press. Temp. Pour Fl. Crude Distil-

No. Min. _Atm. Inner Outer Wt. € E°qg ¥.I.. Pt. Pts Product late Residue

1 60 25 160 120 4.5 1.6 86.1 ~73 0.0 - -

2 - 5 ' 145 T 5.0 1.6 86.0 < 0.0 - -

3 5 - 135. 8.3 1.6 86.0 0.0 - -

4 "5 13 130 70 -+ 8.8 1.6 86.0 -198 0.0 - -

5 .15 13 128 60 15.8 1.7 91,0 -47 188 0.0 - - -

6 15 . 16 110 60 19,1 1,9 . 94.7 ~46 187 0.0 - -

7 30 35 100 - 65 R3.6 2.0 98,0 -45 200 0.0 - -

8 30 36 110 60 "24.2 _2.2  96.0 ~41 - 204 0.0 . - -

9 30 37 12§ 70 32.5 2.9 94.8 -37 219 0.0 - -
10. . 30 39 122 65 40,8 3.2 .100.2 -38 213 - 0.0 - -
11 30 48 120 70 45.,0-3.6  100.1 "-36 217 0.0. - -
12 ... 30 56 1115 72 ‘5244 3,7 98.3. ~37 - 208 . 4.2 ‘0.0 . 8.9
13 - 30 60 120 65 54,0 3,9 105.9 36 213 @ -~ Kol -
14 30, 60 112 - 80 57.4 4.1 107.3 -36 208 4.8 1.6 - 6.8
15 ° 30 60 . 110 .. 90 .60.0 .5,1 ~ 10R.5 -35 227 4.2 2.0 6.4

-16 . 30 60. 108 - 82 63.0 5.1  106.4 -35 223 ~ 5.7 2.3 6.7

17 - 30 60 110 83 .63.0 ‘5.,6..  105,9 -8Bl 226 10.8 ..~7.5 10.7 ;

—18 .30 - ‘60 " 110 92 65,0 5.8 10643 =32 223 .. 10.1 i 8,5 11.8

19 - 30 60 . 112 100 65.0 5.8 - 107.1 -32 ~-224° 8,5 4.6 . 9.2
20. . 30 . 60 - 110 100 -85.,0 5.9 - 107,5 -B31 =R30 9.8 " 6.7 7 8.8
21 30 - 60 77 110, 71007 6540.°6,3 10970 ~3R . . 226 . 7.3 4,5 ~ 8.8 ¢

5.7 1.6 7.3

22 - 30" :;s‘o' 110---100 65.6’_ '1086 ~32 230

Operatin ‘g Experience in the Polmgrizatlon Process T

. e The following are & collection oi' technical: details and experiences
which are~1mportant in the operation of the polymerization process- e

N

S \Before the cover of the’ catalyst mlet nozzle is loosened all gas must

be removed from the autoclave as descr:.bed :m the following

S 1. After the raw 011 is de-pressured the ‘main: amount of res:.dual gas
is. removed by careful openmg of the high pressure valve (next to the soda wash
- tower in the: basement) "“The 'gas’ should not be* expanded too quickly, as the
vadjom:mg res:Ldual_gas meter may blow out.

L 2. ‘The- remamlng gas g allowed to escape t.hrough the roof-vent and.
‘m no case into‘ Vthe filling room (explosion danger) SN ,

5. Of ‘the- 12 bolts of the vessel 10 are now removed ‘and the other two _
: only loosened. The blind flange is now Yifted.: ‘Should there: still ‘be appreciable
‘gas’ pressure t.he “1id'is" bolted back wntil ‘the last- gas’ ‘has’ been vented, "The ..
-remaining screws ‘are-then’ removeds- : This precedure 18- very mportant t,o prevent
accidents by explos:.on or~f1re. SRS R i o : RN SR N

RTINS & OF - i‘ire occurs-in remov:mg the 11d the hand extinguisher is used. .
Should there, be a fire in the autoclave when still under pressure s the pressure



‘reverse )

47~

:!.s~ to be released through the emergency releas‘e valve (in the basement) or the
overhead vents in the filling-room and the autoclave filled with nitrogen.

The changeé-over from gas to Np is made as follows: :

1. Shut off gas, also regulating valve R and before everything
block valve A.

2. ‘Block off gas meter.

3. Close off intermediate expansion-valve Z and ‘check’ that No
pressure gauge shows 200 atms )

"4, Open both Ng valves .

5. Admit Np through regulatitg valve R. o

‘The operators of the autoclaves should be thorroughly instructed that the inter—

mediate expans:.on valve Z must be always ‘kept open (no gas. into the Ng l:.ne and

" While charging catalyst care should be taken that the inter—exchange

of the 1id and the filling~cone be rapid (entry of the air). Also a small

'

quantity of catalyst is to be poured in at first and after checking that the
stirrer is in operation, the.main charge:can be poured in: {adhésion of “grainy-
catalyst to the bottom). While the autoclave is open,’ one shonld not use. air

“to blow of f catalyst-—fines vhich settled during fllllng but sh uld sweep them

up.

Before clos:.ng the l:Ld. Clean male—and—female JOlIlt Well, if ne'cessary i
put on new ‘gasket. Do not use.cotton~waste to clean flll:mg nozzle. - Before
charging, inform the: operator that tIT‘atItoclave-d.s_*'ready“' ‘he must check that.

- all valves at the head are closed and that’ the cooling water c:.rculatlon system.

© is i‘:.lled, i.e. that the level can be -seen.in the lower gauge-glass of ~the
expansion vessel. . The' operator, before admlttlng gas. into the apparatus, mst

"'see that all valves ‘at the bottom of the autoclave are properly set.} R

. Whlle operatlng the autoclave one should watch that wh:Lle cool:.ng down
from the maximim temperature the  temperature dlfferentlal betwéen the outer.and

" inner wall does not exceed 100°C (cracking of the high pressure vessel).  If

: operatlons are made ‘at a maximum’ temperature- of over: 200°C, .one should watch that,
~during coollng down fromthe max:anm temperature ‘and when admlttlng gasy the
- inner temperature does. not go ‘below 120°C (adversely affecting the reactlon)

' The’ pressure-in -the autoclave should not exceed ‘60 atm. If the inner temperature’
_ of ‘an'autoclave, i which :the process has been thus. far completed, has. dropped

too low and therefore must be ‘heated again befotre releasing pressure, one should

- observe the pressure before heatlng, as-if one were to heat up at 60 atm.,.the
.'pressure would quickly rise-above-allowable working pressure. -In that case the .

~pressure 'should be reduced by vent:.ng to approximately 40 atm, before ‘gtarting

. the heat:mg " With each :mcrease 'in" pressure ‘over 60 atmospheres again cut oﬁ‘
.gas, turn off’ heat and if necessary open emergency release.valve,
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Influence of the Autoclave and Comstruction Material on the Polypmerization

Process

. The original four autoclaves (400, 400, 800, 800 ma. g)-at Leuna were
madeof N6~material and the oil products from these were characterized by a
viscosity of 6° Engler at 99° and a'V.I. of more than 108. The next two (V& VI)
were also constructed of N6 and gave similar resulis. Autoclaves VII and VIII
" could not be fabricated of N6 on account of a shortage of material, and it was
necessary to use S2-steel with an inner lining of N6, The latter had, however,
to be removed on account of cracking of the surface, so that the inner surfaces

of autoclaves VII and VIII were essentially of 52 material which had been lathed
down.. . - . _

Although small scale experiments had shown the harmful effects. of iron
wall material, the units VII and VIII-were used in the described process since
in the .meanwhile it had been. determined that the influence of the wall material
in the case of larger reaction vessels was greatly diminished. This -observation
was made when polymerization was carried out in a 4500 1. stirred autoclave (#1V)
made of N6 material., The autoclave, for the purposes of these experiments, was
fitted with an iron lining of M-1 material to a height of about 5 meters, which
had only the normally rolled surface present. ‘' The results from the. polymeriza-—
tion reaction of these experiments are shown in Table 45. They show that the
“iron surface of the guard can no longer be held responsible for the degradation
of oil quality. - These results justified the decision to use pormal-steel in -
going from 80C.to0 1200 mm. inside diameter-autoclaves,- since on account of the:
gppply'situati'on it was no longer possible to construct autoclaves on the S5.P.
‘plants out of high chrome content steel. = = = ER e

P e L

Table 46 shows the effect of the iren surfaces in autoclaves VII and
VIII. - The viscosities and .V.I. values of the oil-products:lie considerably .
below those to be expected. It appeared likely that this was due to the freshly
turned surfaces” of ithe iron-autoclave, whereas the harmless iron liner used:
earlier in autoclave IV had been annealeds . " . —. . . . T
o Therefore, a series of experiments was carried out with variously
treated Fe packing in a 50 1. Ng autoclave~--—_ . : - e o I

© - 7-1. Tron lining tube. ‘The results (Table 47) aré-better than those
from the iron autoclave-VII (Table 46) and are similar to those from the addition
~of iron;to the autoclave of Ng (Table 45)4. "0 e B

Ll Table 45. ‘Iron Lini
' : Lt emes s didmet NgTAutoclave

T

Noo - Tempeo.. _-'°E[99'.y'g~5;._~_' VoIs - Flash Point = - Pour Point
Iv/208 - 160- 5,16 e 110,40 0 20307 C Bl
- 209/10 .- 160 .- 5,33 . - 11R.8 . 188 . .. =30
. 9211/12_ ... 160 5,54 111l - R0 . o —R7
L R13/15 . 1600 0 U BiB5 LT 110,30 RRO o -8R
CRAE/L7 60 v BuA0- s o 118, = 213 1 e ~34
218 220~ 4,04 . 1189 .- 208 . i B0
228 T 20 . 2.89 " . 128,21 7 0200 % 26
RR3__C2R0 3308 L 121.7 210 T A9

ge9 . 2e0 T B.44 70 128.30 ”;,fzzq_ A
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Table 46. éOO mm. diam. Iron Autoclave
(VI1), Untreated

No. °*E/99 . Vals Flash Point Pour Point
1 4.75 107.1 ' 223 "85

2 4.05 . 108.9 , o’e7 ‘ -39

3. 3.67 109.5 207 - !

4 3.51 104.3 -’13 - ~39

5 3,66 o 108,3 - 218 -39

6 3.57 ' 110.8 215 . =44

7 3.86 S 110.9 - ' 199 - ~39 -

Table 47. Iron Lining Tube in the 50 1.
...... - Ng-Experimental Autoclave : -

Date  No.  Temp. M °B/99 / 'Y.I._  Flash Point Pour Point
3,30/42 N 685 200 . 4.02 . 108.3 201 . =36
3/31/42 . 686" 157 4.83° 106.3 -’10 0 .3
4f/1/a2 - - 687 158 - - 5.94 .108.0" - 220 29
4/2/42 - 6887 160 5.65 . ° 110.2 29 .. 33
4/3/42 - 689 181, - 4.49.  112.3 212 34
a/4/ar - 890 7 147 15445 T 106.8 - R13. - 35 ..
4/5/42° 691 --'166 - . . 5.5 -108.00 . 208- ©. 85

L 2. Ifbnklining.tube;Aradiated.',Thé'rééults (Table 48) are poorer

. “bhan'expe'cted-. : o R ‘ . ‘ ‘ . . , N o

: \_; <) =7 ier Table 48. Iron Lining Tube, Radiated; L e

. R : ‘ ‘ in 50 1. Ng_Autoclave . ... T c

‘Date’ " Nos  -Temps.  °B/99 - ¥.I. . Flash Point Pour Point

. 4/10/42 695 ' 205 417 .. 11532 . 198 . S g
4/10/42 -~ 694 =~ 230 3,25° . 124.6 . . 2000 =l
4/11/42 - 695 - 160 6.03 110.0- -~ "TR08. ... . 28 .
4/12/42 7 696 160 - 4.39 112,20 0 o = o9
T4/13/42 . 697 160 . 6.07 110.0 - .. 2097 Bl
4/15/42 = 698 173} - 4,54 ©109.6 . 208 .77, - 38
4/16/42 - 699 ' 160" 3.94. - 11007 198 - . . . B3
‘4/17/42 700 ' 160 4.39° . 7107.1 .U -a9R L it 38
"4/18/42" - 701 155 ¢ 4,85 105.7 L 207 38
4/19/42 © 702 . 190 = 3.68 107.5 0 o189 . . 38
T R : = B T T i

.+ ¢ s 5. TIron lining annealed for a N, autoclave. The results are like.
" those in Table 47.- (Sge. Table:49.) ' Co :
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Table 49. Ignited Iron Lining be,
for N Autoclave

Date No. Temp, °E/99 V.1, Flagh Point Pour Point
4/24/42 N 705 150 3.37 98.2 - -
4/25/42 - 708 148 . - - 4.07 10644 194 -33
4/26/42 707 142 . 5.40 - 105.7 o211 . B2
a/27/42 708 153 4,15 109.3. 178 38
4/28/42 708 170 5.8  105.8 208, : 36
4/30, 710 180 5.06 108.6 : 2017 - 33
5/3/4 711 180 . 4,75 7107.0 . 1988 35
5/5/42 : 712 17 5.10 103.6 203 37
5/4/42 713 180 - 5,63 - 112.7 208 . 37
5/6/42 714 . 180 . 5.77 110.6 Q15 0430
5/6/42 715 1z§m 5.73 110.1 206 32

T 4, Iren llnlng, annealed and turned down (Table 50). Half of the
experlments were 1nterrupted the remalnder gave no clear picture. -

: Table -50, Lathed Iron Llnlgg Tube LT

‘ - _ for "No Autoclave . o o
Date  iNow. ' Temp, — ‘E/99 . V.I. :Flash‘Point Pour Poifif
5/16/42 . 716) broken off ST R

'5/16/42 . . 717) : R
5/17/42 - 718) - e T

5/17/42 = " 719) , A S SR et
-5/18/42 - 720 172 ... 6210 101.2 . . 224 - .30
"5/19/42 © 721 . 159 - ....5.,72 - 106.8. 213 . 36
“5/20/42 . 722 .. 162 - 7.11 ¢ 7110.5 - Q20 N I
- 5/21/42{ 723 . 182 . 2.,40. . .-80.2 - . . 178" " Soo4r

5/22/4R 7”4 - 180 . BT52- . ' 95,4 . 193 35
“5f22/42 7RS) i S o S

5/25/42.. 726) - broKemoff .. | . . o

5/26/42 CTRTY e el T T e

5/2 42 7284 180 U . R.87 7 93,4 .- 209 - | BRERRE: ¥

: R : -v,_752)‘ . A e ; T

» - These experlments were -now- transferred to the 800 - dlam. 1ron\
autoclave VII- : i _ ‘ ..r L S . f RS '

: 1. Iron 11ning tube, stlll heav11y covered w1th m111 seals, fTable'51)¢
no effect beyond that of the rough autoclave.
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- Table 51. Sheet Iron Annealed and Covered
with Scale 800 mm. diam. Iron Autoclave ZVII)

No. = E*/09 V.I, - Flash_Point Pour Point
24 3,77 ~111.9 199 T 56
25 2.94 114.1 210 - - . .27
26 2.53 1113,1 207 30
27 2,77 '108.0 187 41
28 2.34 101.3 "190 42
29 . 2,96 © 10R.8 207 __ 38
30 2.68 112.5 199 - 39
31 4.93 109.1 215 . 34
32 2.80 101.4 215 T— 43

‘ 2. Iron lining turned down (Table 52). “Results-are clearly better
-(especially_V.I.) than these from the rough autoclave, not good enough,  however,

‘No. ~ . | -E*/99

76 ~ . 5.51
77 . B.74
78 4,37
79 0 4,15
T8O T T 3494
81 : ... 4461
82" S 6455
<837 T BlRB.

84_ . 5,39

87 05,01

v 15405
86 . 5.40

 }V.i:“} 

108.4 -
1110.9. - -

" 100.5

© 110.4
. 113.3

. £..110,0

S 118,20
14,2
o 111.8
L 11RTTT
T 112.4

' Table.52. thed Sheet Iron in 800 mm.
- ° . 'diam. Tron Autoclave {(VII »

Flash Point

.2e7 L
... 197-
212 .
218 o
216
218 - -
246

o213
22

S a4

206

28

Pour Point
] Ao

3. Iron lining copper treated (Table 53). Results about like those

from raw surface.

H2;' .~» "E°/99

897 |- RSB
90 o TE.R5
92 2.4
93 . . 2.69

£94" . 3.53)
95" - - 4.93
96 13,67

ST T L 44,087

98 L 3.5

s B9

TI100. TTT 7T 3.81 0

101 S 3216

102 : 4,86

+105 - 4413

112.7- .,
103.0
©11B:4
- 100.8
104.6
10347
10952
1 105.2
19742 -
109.5
111.6
112.6°
112.0 -
105,3

. Table §S.f-Sheet';ron' Copper Plated in
800 mm, diam. Iron Autoclave (VII)

- _Flash Point:

204"

201
199 -

208

R19

4 .240

513

AR

.219
.R10 -
- R05

225

07 T

. Pour—Point—



~52~

__4._ Iron lining, treated with aqueous chromic acid (Table 54).
Results better than raw surface, not enough though.

Table S4. Iron Lini Treated with Chromic Acid
in 800 mm., diam. Autoclave zVIIS ’

No. © E°/99 v.I. Flash Point Pour Point
126 : 3.77 ‘ * 108.5 212 ' T 38
127 3.26 127.0 . 217 _ 31
128 e 4,42 1077 . —225 .37
129 4,17 © " 102.6 213 o 39—
130 3.90 : 110.9 ; 203 o 35
o131 4.42 C11R. - 216 .- ' 40
132 : 4.81 ~ 111.9 Co 196 * ——— © - 36
133 - 3.89 4 - 113.0 209 ... 87
134 . 3.88. 112.8 v 233 . 38
135 4.86 ' 110,17 - | 217 L 38
136 390 . - 08,1 - . .07 . 36
137, - 3.18 - 1038 _ 210 - S 40
138 . . e 4.8 . 110.9° < — —=R08.. . __ 38
139 L 4,37 ©1110,0 .- . 208 : 35
140 Tl 4.2 107.8. .. 208 ‘ 37
142 C 44657 Ca 11248 T Lt 20BN T BB
,145 co _"4 o7 C o 1082 _ 99 - o 33 .
S 5. 'Iron llnlng, pollshed and electrolyt:.cally chrom:Lc plated.

_Chromic coatlng soon eroded (Table 55). Res.ults as above.

Table 55. Iron Lm:m Tube; Electrol 1ca11 Chrome .
: Plated in 800 mn. Diameter Autoclave VII) —

b

No. - - ... E°/99 P I. % Flash Posnt ' " Pour Point
we . ser. U w0mr ¢ 210" . -4l
179 . 4a9 113.4. . 226 . . 36
-180 - 3480 - . 11645 a 216 R .33
181 - Ta.01” C110.2 o214 . 3T
182 - . 5.65 207,00 T ars A
183 - 421010 . 01019 o o 2R3 —— 39
184 e ReR7. L 11409 . T - 20 ). 85
285 ) 4,63 .117.2 . .. .215 - - - 39
186 4,96 | 15,1 - . 218 a2
187 Coge1 o mara T Tr208, Coar
188~ 466 .. 1082 | . - 24l 1 35
189 Al 107.8 co 218 . . 38
‘191 - .1.96 . 117.5 - - . 208 . 27
102 0 485 : 104.7 o e Rz

S 6. VgA—-l:m:mg 111 "800 ‘mm. dlameter iron autoclavé VIIL (Table 56).
The ’Engler and especn.ally the 'V.I. values are t.he best of all exper:.ments.



No.

. 281
282

283

284

285

286

287

286

289

290"

291

292

293 :
215) =
296):
297

298 -

(no exact data)

©5.81

Table 56.
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Autoclave VIII with VoA Lining Tube,

800 mm. diam. Same as Iron Autoclave VII

E*/o9 .

3.06
3427
4.52

B4l
“3.97 -

4.18
5.14
2,00
3.66

3.66

4.49

4430
5.30

V.I.

122.7
107.1
114.3
1174
113.8

118.3 -

109.2
112.8
116.4
" 119.7
112.2.
115.2"
110.8

. 109.6.

112.0
1113

215
229

| 228 -
..230-

CLe21an
208 _

k086
207 .
2R0 -

-RR5

215
215
208
204
228
215

T _A copper 11n1ng was : totally destroyed after a few experlments"«

V'PourvPoiﬁt

~19
3

34
33
7

8.» An alum:mum lmmg was destroyed in the f:.rst experlment. - ;

‘ = Table 57.
'T. ‘\E\ SRR ees
No.. - B2/99 i
1 L 3.86 .
2 ; 3.22

T \ 2.85
S g S 3,54
6 20
7 2,37
8 2479
9 3,61 -
10 4,100 4
11" . 3,06
12 3.80
13 4,09:
1 5,16
15 5,13
16’ '5.10
17 4,63
18 : 4.28

Autoclave X, 800 mm, chameter :

VeI

- 105.1
© 104.7

105.3

11R.7
. 108.7.
©104.2°
" 3o2.3
105.0:
107.9.

108.8
104.7 ©

°104.5
107.6"

211142

111.3
109.8

112,3. -

. 11063

1109.9 .

" Flash’ P01ntt LT

T

202
206
-200

) w1thout the VoA L:Ln:Lng

206 ..

199
188

202
204

193 |

S 2031 -
200 -
. R15
- 218
T 210-
[R13 .
-2 R N

226 -

A

Pour Point -
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Table-57.(cont!d)

No. ~ E*/s8 VoI, - Flash Point Pour Point
21 } 4,7 . 107.6 216 - -39 —
22 . 4.62 109.3 o3 38
23 4433 ©108.8 206° : 38
24 4,43 1112 .. 206 : 38
25 4.70 110.0 203 T 36
26 3.93" ©107.7- . 210 36 -
27 4.22 107.2 209 . 38
28 2.87 - 108.7 - 205 oA
29 . 4445 . 113:2-— - - --196 ' 37
30 L4434 - 108.9 212 LT 36
- R 3 .55 112.3 . 217 - ... 38
32 4.98 109.3 . 216 . : . 36
33 ' 5.37 ) 109.3 - . e2z 36
34 - 3.64 ! 101.3° 211 40

L . Therefore it appedred that the construction of a VoA lining -in the
large 1200 mm. diam. iron autoclave:should be undertaken, in case the oils from.
it should have the samé poor properties as those from the 800 mm. diameter iron

- autoclave, The correctness of this intention was substantiated when the results

from auto<):lave X ( 800 mm. didmeter ‘iron vessel without Vod lining) were available
Table 57). - o S SR o I : :

- In the meanwhile another 800 mm.:diameter autoclave from Ng material . .
gave results (Table 58), which did not agree with those. from the older Ng-auto- -
claves (1—4) although the analysis' of the Shell material agreed with the-mnormal —
" ‘composition of a-Ng steel = 6% Cr, 0.3% Mo, and 0.15% v.. It was concluded that
the differences in the oil properties. were due to unrecognizable variations in
the composition of the construction material, as had been!seen in the caseof -
the iron autoclaves« . - ¢ o e o T e

ey

- _ C.v.r v .Table:58, . Autoclave IX, -
. Ne. - - E°f89 ' . ¥.I._ - . ' Flash Roint ' Pour Point
Ly 2,890 1041 .. R8s oo 42
w2 .89 oL 10845 _ ' 94 . 4L
s o392 10846 o R07 o o 44
4 B80T o 106,50 : 203 e o 4L
s -\ zael . 11450 o202 a4
6 . T BAS ' 71058 . U202 4B T
g T a.08 T :107.2. - 295 ¢ .o . e BB
10 L9 105.5 ST -208 o T et BB
AT T 44190 109.2 . . . .207. .. .o BT
S8 o BUB4L o 10243 et 198 T B
13 4 . 4.9 . - -109,0 0 -eoo199. - o . 340
cla o B85 o 10446 5 o208 . Lo B35
-15 T Bg A 10808 SVEREE - [ I 42

6 . 408 110.0 .. - 208~ ' 38
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: Finally when the first of the large 1200 mm. diam. iron autoclaves
(III) arrived the correct results (Table 59) were obtained similar to those
from the two smaller autoclaves of Ng material, which had been made by another
firm (Table 60). - = -

Table 59. Iron ‘Autoclave III, 1200 mm. Diameter

E°/99 - - VI. Flash Point _ Pour Point

14
o
.

4,17 : 96,4 . 208 - o 37T
5.55 110.7 231 . 34
'5.78 107.0 . 228 ' 34
6.66 o 107.0 . 224 T 35
6.15 . 108.0 220 . | 34
o 6.55 ’ "107.7 . 225 : 33 .
“5.37 1070 . ... Res Co - B2
4032 95 | .. 215 ' 33
5.50 111 _ 230. - - - 35 -
05,19 .0 0. -108:9 Re3 . , 35"
. 5.35 : 108,7 - . 230 - : 35
5.42 e 105.8. . SRe3L . - .36
.5.89 . - . 109.8 228 - REEA-
4,55 ) . 108.8. . = 218 , . 36

) (0 00 3 D 01 0

YRRy W
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The large autoclaves could therefore produce oils with correct properties
without any surface treatment (activation or passivation) or installation of extra
liners. ~ Some~doubt had now arisen in regard to the correct construction of the -
small iron autoclaves, after a more or less extended breaking in peried. The.
properties of the oil product from these had indeed slowly improved somewhat, but
were still considerably below requiremenits. Since the large iron autoclave
immediately gave correct results, regardless of which manufacture they were and
what quality of gas they employed (the 4 autoclaves in Schkopau gave the same
performance), it was concluded that the different behavior of the two small iron
autoclaves: did not lie in the accidental composition of the metal used in the
various autoclaves. (When the autoclaves at Heydebrech and Moosbierbaum are in
operation, there will be autoclaves from four different firms for comparn.aon)

The true reason for the abnormal behavior of the two iron 800 mm. diameter auto-
claves VII and VIII are probably due to variations in the manufacturing procedures
followed by the various supplying flrms -and 1t may not be pogsible to recogm.ze
and control them. .

.. Those autoclaves that glve poor 011 products appear to be’ very little’
-influenced by changes in process conditions. -The hope to produce SS: 903 success~—
fully with the small iron autoclaves, could not be -attained on-a long tefm bas:Ls :
‘any.better than with the other. vessels, Also the color of thé abnormal oils ‘
(S5'906 and SS 903) was very dark (opaque blue—green to dark brown) vuth sl:Lghtly
increased conrad. values. , . i

II Flnlshlrw the Grude Polvmer

The d:.sadvautages of the old flnlshlng methods prev:Lously descr:.bed, -
the ‘settling of the addition compound insoluble:in the hot oil, and the-removal
- of. the heavy sludge ‘were as. follows s T}\lere was ‘insufficient dlsengaglng space
“and the’ sludge draw—off pipe plugged éasily. _Moreover the method ‘of adding-lime
to “the hydrolyzer for the neutralization of dissolved sludge was technically
unsound, " If l:l.me was added ‘to the:open kettle, there was: - troublesome evolution
‘of solvent or’ HC1 vapor, and if a ‘Screw. conveyor: was used: for the addition, caking
.of the lime occurred due to the- ‘vapors" ‘evolved from the vessel. - Furthermore the '
sludge. prec1p1tated in-this- way 1(wa:s d:_fflcult to f11ter and hlgh 011 losses were
suffered to: the fllter cake. : : : . .

o In order “to. overcome 'bhese dlsadvantages , a‘gas —tlght d:Lsh type centr:L-— ',
fuge with'a wide outlet-was developed An- cooperatlon with. Alfa—Laval. ThlS made
‘posgible contlnuous separatlon 1mmed1ate1y after, polymerization of " that tof .
the "A1€lz 'sludge which was “solid-at": these temperatures. Howaver, in contimious ;
" operation this: ‘method"was unsatlsfactory, - Low.: throughputs were experlenced ‘because -
of frequent’ repairsand low: product’ purity. "Installation of a: Haubold cup-type,
cen‘br:.fuge (Schalzentrlfuge) to ‘make ‘a rough” prellmlnary separatlon permitted - .
smoother operatlon of the''Laval centrlfuge, but’ it-was not a-satisfactory- solutlon
because clean:.ng and malntenance oi‘ the Laval machlne was cos tly and tlme—consum—-v-

ol /.fTherefore L further search for better flmshmg methods ‘for the orude o
product was begun. Attempts to: treat the oil by washlng with water, alkal:n., or
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salt solutions were unsuccessful, as the precipitated .Al(OH)s caused the forma~—
tion of emulsions which were difficult to centrifuge or filter. This method of
wet finishing was therefore abandoned. . o :

Methanol golutions of.alkali and ammonia were next tested both on a
laboratory and plant scale. However, precipitation of NaCl and sublimation of
NH,Cl causes plugging -of the lines and filtration difficulties, and in addition
the solubility.of NH4Cl in the oil interfered with the subsequent distillation :
step. . . o 7 o : e
In these experiments it was observed that by using small amounts of
methanol the oil-soluble part’ of the addition compound could be precipitated
without hydrolyzing the AlClz to A1(OH)3 and without contaminating the SS oil
with the undesirable o0il component of the sludge, phenomena.which always occurred, '
‘when water was employed. Since this procedure could be carried out in the
presence of the oil-insoluble sludge, the following method was adopted..

b). The Present Method (see Diagram 53). - o
. - The .crude polymer is run continuously from the autoclave A into the
-stirred kettle B at 120° while methanol is added from C. For this purpose HCl-
containing methanol from.the main hydrolyzer E is used. The quantity of methanol’
is adjusted so that the sludge precipitated is still liquid ag it passes through
the centrifuge D. Too much‘methanol: causes the formation of a granular sludge =
- which can cause difficulties in the ceptrifuge, while. too little methanol.leaves
a residue of sludge in the oil whick/makes for difficult filtration of the lime.
~slurry following the main: hydrolysis step. It has proven advantageous in the
“slurry separation to ‘operate the centrifuge as an overflow centrifige (Uverlau~-
fzentrifige ) rather than by the customary batch. method (Chargenbetrieb). There—
fore'a gecond centrifuge was installed as security, ‘Every R0 minutes the flow. .
from B to D was interrupted, the ‘oil (top phase) removed from: the housing, and
_the_sludge scraped.out. : The amount of residue obtained from one’charge to an:
"800 mm.- diameter-autoclave-amounted to 350 kg. . It consists of equal parts-of-:
“A1C13 and hydrocarbon oil, ~This residue is decomposed by cold ‘water 5..the reactioal
occurring at first very slowly but after some time so vigorously that the water

boils. - This decomposition is carried out in a Korting eductor with cast iren
 spray nozzles, using not fresh water but an AlClz solution obtained from a prior -

“hydrolysis step. The AlClz—o0il slurry separated from the centrifuge D is removed: .~
from the sludge tank R by mefns of the eductor. fed with the aqueous AlClz solution..

This solution is transferred from the vats by the ferro silicon pump T to the.
"Kofting eductor under the sludge tank, and the resulting mixture of sludgeand: '’ .
A1Clz solution is forced into the sludge hydrolyzer:Us -Here the complete hydroly= '
. gis of -the sludge occurs upon.10-15 ‘minutes ‘stirring, after which the stirring ds:'
"stopped and the o0il and‘aqueous.solution separate into ‘two; layers -in-10-15 minutes .
‘The o0il is transferred to the stirred kettle V where it -is washed several times - B
with hot water to-remove the remaining traces of AlClz. ~The major part of the .
water is removed by decanting and the remainder by centrifuging in the Laval "7
centrifuge W. .The o0il, now containing 1-1.5% water and having 1-5 acid number, -
passes: through the preheater’ X and: alkali wash tower Y. . This tower -is “Palled s
initially with 50% NaOH and is renewed: when itgistrength drops to:5%. The major:i : .
part of the A1(OH)z formed in this’ neutralization step settles.on the tower walls:
and can be rinsed ‘off. " The remainder is ‘pumped with the oil, which still-contains :
- 0.5% water, to the storage tanks where the AL(OH)z and water settle and are drawn. .
_off occasionally.. Accordingly, withdrawal of oil-from the storage tank should be ™
.from Somewhere -above the bottom. . ' R R
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The AlClz solution is recirculated to the eductor. When its density
rises to 1.25-1.30 it is discarded, as at high concentrations the hydrolysis of
the sludge is incomplete. Table 6lashows the variation of density and freezing
point of the AlCl3—solution upon AlClz content (this table missing)

Table 61b, Corrosion of My-Iron bx

AlClz~Water Mixtures at 20°C

1 0.

*H%g' . 9 8 7 6 5 4 3 2 .. ) E
40% Al Solution 1 2 .3 4 5 .6 7>~ 8 . 9 Solution
Wt. % Loss of Myt - o ‘ ' : ‘
.in 785:-hrs. 0.69 1.50 1l.52. 1.0 0.91 0.76 0.41 0.2 0.1 " 0.08
in 1459 hrs. 1.45 2.78 3.28 2.18 2.12 1.67 0 98 0.49 0.62 0.42

Table 61b, giving data on the corrosion of I iron by 41Cl3 solutlons,
shows that most severe corrosion occurs with the 8—-12% solutions, while higher
concentrations are less corrosive. The solution with 1.25-1.30 density mentioned
above is generally less corrosive. Formation of a white precipitate of Al oxy-.-
chlorldes and hydrates ocecurs by’ hydrolys:Ls, but only*&fter 3 or more months .

Further use.is also made’ of .the A1C15 used for polymer:.zatlon, the- A1C13
solutlon is employed in tannin manui‘acture at the Ludwigshafen plant.

Details of the nozzle constructlon of the eductor are shown  in the
Sketch 55a.» (This . drawing- is mlss:.ng.) R :

When 7operat1ng with- 2 centrlfuges s the t:Lme requlred to work up one
autoclave charge (4 cu.m.) is about l—-1/2 hours. - .. [ :

The centr:.fuged crude 011 :|.s now pumped dlrectly to the ‘main hydrolyzer
" The 011 wh:Lch ‘has. an acid number of 2-3 is stirred with small quantities of ..
methanol from the gauglng tank F wtil all of the HCl is' distilled off\ w1th the-

—methanol. Last ‘traces ‘of dcid .are removed with: line, which also takes up’ small
quantltles of Al(OH) which. are present ‘thereby ‘making the subsequent filtration

 easier.  Pneumatic feedlng of the powdered: 11me has proven convenlent (descr:.bed
subsequently) o R : . . .

R ‘ The" 011——11me slurry is. then fed through a pulver:.zer H (Stemabsch—-
nelder) to the lantern pump (Drillingspumpe) (and is forced from this into the-
f:n.lter—-press Ko - Until the filtrate becomes clear .it is recirculated back to the {,
main hydrolyzer. Upon complete clarlflcatlon the 0il is transferred to a. o
storage tank from which it is w1thdrawn for dls tlllatlon._-_“_ oI \ o

. . The gas vented from the prehydrolyzer B during the d:.scharg:.ng of the
crude polymer from’ the autoclave is-passed: through the receiver-L and the 0il

, ‘scrubber: M (sée: drawing - 53). ‘.Gagses. vented from the main hydrolyzer E are i
condensed in the ‘Iglet cooler N..  Methanol and polymer forerunnings- are separated .
‘inte 2 phases in- thé: separator 0. The forerunnlngs are transferred to the SR
_receiver P and “thence back to the process ‘ds ‘solvent while:the ‘acidic: methanol is
st.ored invthe recelver Q and used agaln 1n the hydrolys:.s. B - .

= “‘I‘he“fllter cake i‘rom K stlll conta:.ns about 50% of o:_l. By washlng 1t
mth forerunm.ngs ‘(which are’ ‘combined with the main product and: sent to distilla- -
‘b:.on) and blow:mg it w:.th nrtrogen th.le it is stlll hot the cake ‘can be removed:
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from the press easily. Although it appears entirely free of oil, it still
contains considerable quantities, as shown by the following tests. .

- 1) 40% is soluble 4n ether upon extraction.

2) By hedtlng in vacuum 21.5% of oil dlstllls off; an additional
1S. 5% water and 10% forerunnlngs are obtalned by refrigerating.

3) After dissolving.the llme in HC1, 27% oil was obtained from
the CaClp solution. .

-

It was also, observed.that by treating the cake with water at 90°%; a:
reaction occurred accompanied by mich frothing; the water displaced the oil
absorbed on the lime. The lime dissolved in the water and the oil floated on
the solution. - A completely dry, unpulverized sample of cake treated in this
way gave 20% of oil which upon dlstlllatlon gave 62.5% of” re31dual oil hav1ngl

these propertles.

_°E38 T 88,5 |

°Egg.. i 5.01
V.ol. S 11R.2
"~ . Pour Point .. | -35.5
Flash Point T UTRR3
Conradson Carbon N ,065»

The oil renalnlng in the fllter cdke is thus- -of tHe same: comp051t10n as the
‘flltered crude product and upon distillation: ‘has ‘the pqopertles of an SS 011,
- except that the color is. sometimes ‘darker. The boiling range of the oil
.. obtained ‘from the fllter cake. is remarkable gince, in other experlments in =~

which the ‘filter cake was washed with forerunnlngs in the ordlnary way, . the
fwashlngs contalned only a llttle 011- » T '

thhlng tlme . % forerunnlnss in washlggs
15 win. o e
20 o ooooooTe
B0 .
40 g T
- R T 94.a
- 80 G ;\}97f2;,

In splte of thls the llme contalned more v1scous 011 and. less rerunnlngs than
'the washlngs. L - ,

\

* In practlce, then the llme was- treated w1th 3 tlmes its amount. of water
at 90° in a‘kettle, equlpped with an anchor type stlrrer whlch scraped the sides
" and- bottom while turning slowly (RO rpm.) + In this way the 1lime, which ‘becomes
hard (specklg) as the.reaction proceeds, can be broken up without. violent: ‘agita~
tion and decomposed.~ After 1/2 to 1 Hour water is forced into the aqueous layer -
through an annular horizontal pipe and the oil layer rises and is forced slowly -
out of the highest point.of .the conical cover of  the kettle. until water. overflows,"
Af%er further stirring, the lime slurry. is pumped from the bottom of ‘the kettle
into the slurry.line by .means of a centrifugal pump. This. method, be51des
increasing ~the y}eld of oil, is more -convenient:than the former method whlch
1nvolved manual handllng of" the cake. . .-

'
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The lime sludge reacts most rapidly with hot water if treated immediately
after removal from the press. If it is allowed to stand it reacts more slowly, .
probably because the last traces of Cu0 (whose presence is necessary i‘or fhe
reaction to occur) disappear’ upon standing. '

This method of handling the lime is also advantageous in case there are
difficulties with the filtration step (as for example, in the production of SS
903), since the filter cake is then especially rich in oil, The. amount of
recoverable oil averages about 25% of ‘the lime filter cake. Thus, for a lime -
consumptaon of 30T/month corresponding to 10,000 T/year of '55-906 the recovered
0il ‘amounts to about 10 T/month. From Sept. 11 to.Oct. 13, 1943, 25,740 cu.m. of
0il were~produced in Me 125 and about 20 T/month were recovered. Thls was mcluded
in ‘the SS flltrate, smce repeated tests showed it to be of the same quality.

o

T ,°) Treatmg Proc edure . B Ll \.

Several pomts mus t be observed in working up the crude product. s
Experienced and reliable attention is required in the prellmnery hydrolysis
step since the acid methanol is metered only by means.of a sight glass ‘in-a
measuring tank and since it has not been possible to solve- the probiem of meter-
ing the ‘hot crude polymer; which contains sludge and is under a pressure which
varies from 0-60 atm. In charging the centrifuge as steady a flow as possible
‘should be maintained. This is especially true for .the first of the two. centri-
fuges, as  the motor 15~eas:|.ly overloaded. . To have .a constant “feed rate to the
centrifuge requires, that the crude polymer be discharged at a cons tant. rate into
the’ prehydrolyzer, s:ﬂnce a constant level must be held in thdt vessel. E

Dur:mg ‘the centrlfngmg operatlon the 011 level in the sn.ght glasses
of both the 0il colléctors ‘should be: observed i‘requen'bly. If ‘the oil level . -
should rise suddenly, 1nd1cat1ng a fallure of ‘the ‘product ‘pump, ‘the. centrifuge -
_motor “should be’ turned off- immediately-and the:valve between the prehydrolyzer
and the- centrlfuge closed. -This will prevent the 0il rising. into the centrifuge
.drum from acting .as a fluid break and overloading-or burning out the motor.

Even though a nltrogen plunger (Stlckstofftauchung) whose pressure increases. when
the 0il.1ével rises and thereby shuts off the centrifuge motor is:provided in the
,product receiver, the centrifuge Operator should ‘be 1mpressed with the 1mportance‘

.of checklng the o:.l level. ST . R o

AR Removal of*the 011 phase from the\hous:mg and -cups . of t.he centrlfuge :
.mst ‘be: done ‘slowly to make :a good separatlon of o0il from: sludge. 1In lubrlcat:.ng .
the: centrlfuge the 01l pressure (Wh10h should be: not ove,r 0 1 atm. ) and cool:Lng
water should be watched carefully. ‘ : : , ) ,

s

‘ ;-‘ Use the- followmg procedure in mtroducmg 11me :mto the mam hydrolyqer
‘through the preumatic ‘systems (See drawmg 54).
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1) Fill the lime container.

2) Open valve 1 and slowly open valve 2 until the pressure in
‘the line rises to 0.1 atm. .

3) Open valve 3, so that a smill stream of N flows into the
hydrolyzer, thereby preventing hydrocarbon vapors from back~
ing up into the line.

4) Open valve 4 and by means of valve 5 impress 1 atme of N2 on
the lime container until the Np flows through without res:Lstance.
Then -close valves 5 and 4.. )

5) Close valves 3 and 2.

.-+ . The filter press should be operated so that the compression furnished
by the hydraulic pump does not exceed 250 atm. To avoid ‘damage to the filter --
cloth, the pressure relief valve on the drilling pump should be set for 8. atm.”
.When the press is cleaned especial attention should be paid to the-surface of
the packing, and before assembly it should be coated with o0il and graphite’.
Originally 8 mm. strips of:leather along with 3 mm. strips of pasteboard were
used -as packing. As the quality of these: materials was poor and they gave very
poor service,. a change was made to 8 mm. strips of PQ material or Perbuna. For
‘the filtration double Igelit filter cloths are used, one a- very finely woven .
- PC-cloth which lies against the perforated plate and the other a coarse C—cloth
which imparts to the cake the necessary smoothness, If filtration becomes slow
or the filtrate becomes cloudy the. cloths are removed and waghed with HCL and -
‘0014 (tetra). Before further use the'cloths are 1nspected for thin spots or’
rips and if necessary patched.\ In this way cloths will last for 50~50. washings .

" The. following procedure is 'to be used for washing PC cloths: = The dirty cloth .
.from the press is' immersed over m.ght in water at ‘60°. Then it is smoothed.out .
on a. table and scrubbed- (nachbursten) with water. Thereafter it. is..soaked fcr ‘
_half a day in: 3% HC1l to dissolve the lime. remaining in its pores, rinsed in =
-‘water and dried. - Any: oil remaining in the cloth is washed out with CClg a \and the
cloth is then hung up to dry. Before it is reinstalled in’the. press it is '

- examined by drawing itI over a glass plate 111um1nated from below and weak spots
are 'bouched up with an acetone—solution of PC.

d) Corros:.on-Control
: R Origmally, corros:.on due to, HCl vapor wa.s ‘severe in- the hydrolyzers :
especially in zones ‘where..condensation océurs, such.as the top of the_hydrolyzers
and their gas vent lines. The normal precautlons against HCl ¢orrosion did not-
avail when. dealinﬁvith HC1™ iri“methanol at 90-~120° in the presence of low boil:mg
hydrocarbons. . The follow:mg lmings for - the 2 cum. hydrolyzing kettles were . -

-—tested in~actual operatlons ' o .

l) Coat:.ng the walls flrst w1th Aspl:.t and then w1t.h a coatmg of
- “Hochster cement ‘SW.20;did not work as under:the varymg tempera—
' “ture’'donditions -im—the kettles ‘the protective’ coating soon. .-
'cragked,nespecmlly at the welded Joints and the’ edges .
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2) Putting an elastic coat of Oppanol B200 between the Asplit and the
Hochster cement caused even moré rapid cracking of the protective
coating because of swelling of the Oppanol.

3) A hard rubber coeting of Para Hart 28 (natural rubber) began to
dissolve off the surface within a day and at the end of 8 days
was completely destroyed).

4) A 5 mm. layer of hard natural rubber containing 50% graphite
(SPML-Hartgummischicht) has given 12 month's service. It has
remained solid during this period and its surface did not seem
to be altered by the acid hydrocarbon vapors.-—The vapor lines
to ‘the kettles were 3imilarly coated. As packing material a -
similar rubber which was not completely vulcanized was used.

5) As -the above nat.ural rubber was no longer available when the- ~ -

" hydrolyzing section of the plant was enlarged, various kinds of’

‘Buna rubber had  to be used. However, they have not been at all
satlsfactory, as they become br:.ttle and crack. :

- The 5 and 10 cu.m. kettles-are now lined in.the. 11qu1d_zene_1_m_n_.th acid
_resistant ceramlc blocks., These blocks, which are fitted by means of grooves
and’ projections, are used in two layers, with an intervening layer of "rubber

and are sealed w1th Hochster cement SWD 0. . -Other 11n1ng materials and their
appllcatlons- e . :

Prehydrolyzer cover- Baked—on lacquer (Neores:Lt) and Exter:.or
. insulations . - _
Shafts. Baked on lacquer (Elnbrennlack)
Main Hydrolyzer cover: Ceramic coat:.ng
Cone: - Enamel or aspl:.t i .
Shafte ‘Uﬁprotected ;
Dipping Basket: . Ribberized ST nommn e
T’Condenser above’ mam’ﬁydrolyzer: -.Igelit.(l"lade by Dr. Henning
o _-and'Dipl. vEng,', vlaeuna‘). Tl
‘Gas scrubber' Ceramc R o v
‘ o U ST
‘ ,All pipes and appurtenances \whlch are sub;ject to temperatures no hlgher
:than 80" can best be made”of Igellt for vessels subject to thesé: temperatures s
“such as separators , dipping tanks, etci-a coating of Igelit-suffices.:: Pumps for.
‘acidic’ methanol 'are of porcelain,--and for acidic’ fore n:.ngs stoneware was
formerly used but has been replaced by ferros‘ll:l.con. SRR ‘ .

III. ’ D:Ls tn.llat:.on

i The dlstlllatlon plant of Me 126 is” 111ustrated in F:Lgures 55 and 56
(photographs) - The 'hydrolyzed ‘erude 6il’ is.:transferred. from the: storage tanks
by pumps 8 or 9 through-the heat. exchanger 7-and pipe-still Llnto\column 30
. The" fnrnace is a pure convection typé with’ horizontal tubes and is heated by a:
'selfdraft burner (selbst ansaugenden Brenner). - Local -overheating of the ‘tubes:
is mnlmized by -means -of the cylindrical gas- blower .2 (Walzgaegeblase) - The
“"1000 mm. column has .25 bubble: plates -above the feed inlet and, to i‘ac:.lltate
cIeanmg, is equ:.pped m.th Raschlg rlngs below the i‘eed 1n1et.- :
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The bottom product (of the proper flash point) is drawn off through °
. the heat exchanger 7, a cooler and is pumped by pump 10 to storage (see Fig. 57).
An intermediate cut can be withdrawn from a plate higher up in the column and
stripped with steam in a S00 mm. 2 plate stripper 3a. This stripper is wged
periodically when enough so-called V-oil is accumulated (about 20-30% of-total

forerunnings ).

This plant produces as "bottom product an SS oil boiling above 530

alternatively 300°, and having a viscosity of 6°Egg and 3°Egg, respectively.
The yield of this 011 based on feed to distillation is 50-55%. Superheated
steam (10% on feed to column) is injected into the bottom of ‘the column to raise
the flash point of the oil above 230°. The remaining 45-50% of the feed is
taken off as top product. The small amounts of chlorine compounds remaining in
the filtered crude product are converted by the steam to HCl which caused severe .
corrosion in the condemser. -Ammonia injected into the top of the colum prée~.
vented this corrosion but caused plugging of the top product cooler with NH4Cl.
Therefore an injection type condenser 5 (Einsprltzkuhler) ‘was employed, in which
the circulating water was maintained slightly alkaline. The only precaution to
be observed in .using this arrangement is to see that no vapors condense in the
top of the colum or in the vapor line leading to the condenser by properly .

ulating the lines. Condensation then occurs in the Ceramic lined’ (ausgestein-
ten) condenser. ‘While this condenser is normally: kept slightly alkaline, it may
in the course of upsets become slightly acid &nd hence the stoneware. was. coated
.w:l.th Aspl:.t A which. res:.sts both acid and -alkali. . : .

v ' Operatlon of thls condenser 5 is as follows- *’che—mlxture ofsteam and
hydrocarbon ‘vapor. flows upward in the “tower. and is condensed. by the- water, which
.is’ cooled in exchanger'Sa. The upper part of. this. tower, the condensing sectlon,
ds filled w1th Ragchig rings, while the lower part acts as a phase separator.
- In the lower: part: of the tower or in the water outlet at the bottom is located. an
_electrodé which is ‘used to contrpl the pH. The alkalinity of -the water is = ' ,
controlled by adding very weak (less than 5%) NaOH solution to the suction of the -
water c:.rculatmg pump 14.  Water which is. withdrawn from the bottom of the
-separator is circulated through the cooler “5a‘to the top-of the ‘tower. ., The
condensed hydrocarbon phase is. drawn—off from thes separator through a hlgher
_‘outlet and led to another separator, 5b, where additional water is settled ‘out.
. The forerunnings surge tank 5c assures a constant supply of reflux for the .colum,
‘which is returned to the top of the ‘tower ‘through the preheater 6 by means-of  the -
‘pump 11.  The dis tlllate goes through the_upper forerunnings line ‘through “the
Laval centrifuge 13 to storage, from which it is returned to the pog.ymerlzatlon ,
‘plant as~solvent._ Water must be carefully removed 1f the dlst:l.llate i used for.,

x this purpose. -

+ L CThe follow:mg descrlbes the constructlon of the Laval centrlfuge. ~ \"This
can be- used in two wayss L : L . R

1 As a purifler for: the separatlon oi‘ two hqulds of dlfferent
dens:.ties._ L _ ‘ SRS

2 r»As a clarlf:.er for la.qulds, i e., for the separatlon of sollds,
“such ‘as ‘dirt particles or bleachlng clay or even small’ amounts‘
“of liquids ,_prot:.ded the amount is’ not. greater than the' volume.

“of: the outer part of the drum. s
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The assembly of the centrifuge for these 2.operations is as followss

* ~N . Purifier CIarifier
Upper Disk With neck Without neck
Regular Disk __ Without neck (a) With neck

Lower Disk With perforations Without perforations
Water Seal =~ ., . - - Yes (b® " No :

(a) Used as a pur:Lf:.er for the separation of liquids of different ‘densities one

uses outlet spouts of différent diameters. The opem.ng should be smaller,
. the denser or more viscous the light liquid component is or the greater the
flow rate.. - .

(b) In setting the machine in operation, make sure the drum is full of the
heavier-1liquid (ordinarily water). The liquid is added slowly to the cen-
trifuge (ordinarily after removal of the filling screw) until it rises in
the sight glass.  In this way a water seal is formed in ‘the drum which

- prevents the lighter component from Sscaping with the heavler through. the
water outlet. > ) s

--In assembllng the apparatus, be sure that the dlsks are put ‘on in. the -
proper sequence (number 1 underneath) and that the rlng closure ( equ.lpped“w:.th

left hand thread) is. screwed. down to the mark._ T

'Crude product: . 7 ) ) )
' IBP. 100° .
Off at 330" o cd. 45%-
dzo B - 0,820
LMW, T 400
o K . : 'Forerdnm.r_lgs S V120 L s, Sz 011
‘Boiling ramge . 130-250" -;’:50,—550‘° o s330°
dgo : . T -0.778. : . 04815 0.850-55
288 . 800 -

_MW. s

* The most 1mportant temperature to observe in the SS oil. dis tillation
vprocess ‘35 that of “the o0il ‘tubes in the pipe still which.should not exceed 400°

(if decompos:Lt:Lon of the oil 15 to be avo:.ded.

-_should be observed-

The follow:.ng add:l.tional po:.nts

: ~If the furnace is allowed to cool,-—the temperature should be ra:Lsed
agaln very slowly {one to two days) to avo:Ld cracklng the brlokwork.

o L:Lght the furnace only in, the presence of the foreman.
‘furnace w1th a:Lr for 15 m:mutes before lighting.,_u s SN .

"\

Purge the

If the cyl:mdrlcal gas blower 1s used procee,d as follows (see

sketch 58): S
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1. Cut in the cylindrical gas blower.

2. Close the damper Kg. After flushing, open K3 and Kz until the
manometer shows a vacuum of 40 mm. in the burner. Introduce the igniter and
open the gas cock slowly. After the burner is 1lit, adjust K) and K2 to their
normal positions. : ) ‘ B —

Procedure for Rapld Shutdown of the Plant

1. Turn gas down as far as possible (oil ex:Lt temp. 3 150 ) or shut
"off entirely. .

2. Put residue in the c1rculat1ng system.

' - T In case the liquld Tevel in the colum d:l.sappears, restore by
adding crude product through the charglng pump.

Power Failure
1. .lf.ent gas from system.-
' 2. :Sw1tch in bottoms duplex pump.
3_. ‘ Start bottons circulat:mg.
4. vSw1tch 1n tops duplex pump.
5.' ‘Sw:.tch of f pumps s centrli‘uges and blowers simultaneously. :

Sudden pressure increases- in the furnace caused by water or methanol in the feed 3
which are: vaporlzed suddenly in the. tubes, happen somet:.mes upon feeding from:a - |
new tank. Switch to the next tank. -If the differential pressure recorder on'the
column shows a sudden pressure and the temperature of ‘the individual p plates falls
one after the other, from the bottom upward, flooding of ‘the column is indicated..
- Causes: o . | o .

: Cne ) - S
1. Bottons pump not operatlng. e

.‘._;

2 "‘.Bottons llquld level controller not operat:mg. _
3. 'Re51due cooler at too low a temperature.

N 'L:me from column bottom to heat exchanger plugged. :

The pressure mcrease may also be due to pluggmg of the leads to the pressure
-recorder. . - . S SITRTL R ‘

Electrode H Adehtlon of alkal:. to: the anter c:.rculat:.ng sys tem should occur when

the pH.drops to 7. (-27" P’PV‘), below this value:the water. becoies acid-and .. -
corrosive. Values above +30 M.’%. should also be’ avoided, as too:strongly alkaline
water causes emulsion i‘ormat:.on in the separator. The concentratlon of ‘NaOH- added
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to the water should not exceed 5%, If hydrocarbon vapor vents from the top of
the condenser, the water pump is not operating properly or the circulating
system does not contain sufficient water.

some degree for varidtions in the
the CpHq purity, catalyst quality,
of the process.

conditions it is possible to compensate in
viscosity of SS oil caused by variations in
or operating conditions in the batch part
flash point and pour point

By varying distillation

To show the influence on the V.I.,

of the SS oil of the distillation conditions, various polymers were distilled
to different cut points and the properties of the bottoms -determineds

Distilled in vacuum to:

1s0°

2. 4'°Egg, .

. 5-8°E99“ -

IV R'ei‘ining L o _ o

refining;

carried out at 90%. fhen treating he
~&t°120° to permit rapid-filtration rates.

- Table 62
Tt ’C Wt.. % . lEgo S Y.l Flash Point Pour Foint
110 65.8 . C1.77 11320 “148 ~53 -
120 . 64.8 . 1.84 . 130.8 158 - - ~51-
- 130 6240 1,94 " 126.6 9 ~48
-+140 F — — 59,0 2,08 123,7 76 ~= 45
150 54.5 U 2.41 7 119.4 84 41
110 .0 T . R.42 - 2T 1RB.S 60 ~50
120 . - 7040 .- 3.12 120.5 173 - ~48
130~ - 8T8 3.52 i17.9 190 - 46
140 66,0 3.57 “1i6.8 195 —45
- 150 62.0 4,43 114.6 - 210 ~40
110 74,5 e 124.0 ‘154 ~56
020 T 91l.2T T 2,397 118,20 170 ~52
130 62.2 . 4.04 -108.9 190 41
. 140 " 5646 475 107.5 7' 206 6
7150 . 54t4— —~' '5.66 - 106.2. 214 -34
2110 o TaRT L 3497 115.0 195 F -39
120 T 6943 T 4,85 0 113.0 205 35
130 . . 66.2 0 . - 5,31 .0 1100 - 213 .
140 84457 T B75 T 710840 233 C-32
150 - 1 62.8. " | 6e52 109,0 247 28
160, VO BLLRTT T 108.0 246 - eR7
170 TB9VE T .49 108.0 254 ~287

Originally Tofsil ‘AC ¢ldy from Bavriechen Bleicherdefabrik was used for.
later "A Special clay from Moosbierbaum was used. Clay treating is

When treating heavy oil such as SS 906 the treatment must be
The dark SS 903 0il requires a treat °

of 3-5%_clay while only 0.7-1.0% is’ requiréd for SS 906, For neutralization of .

.“the weakly acid clay 10% of ‘Ca(OH)p is addeds -
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The charging of the clay is done pneumatically (with Nz,) from a cone~
bottom container; unlike the charging of lime to the main hydrolyzer, no
elaborate precautions are necessary as the refining kettle does not contain
1ight hydrocarbon vapors, and operates at atmospheric pressure, The kettle is
completely filled with oil and the - clay is introduced under the surface of the
0il to avoid blowing the fine powder about. Clay treating requires 30 min.
Filtration is done in a flame filter press, and since there are no volatile
products, presses with individual compartments and open flow are used. In this
way the slightest leakage can be detected by darkening of the filtrate and the
offending compartment can be detected at once, a big difficulty with the ’
previous filtration step following hydrolysis. Another advantage of the open
filtration is that the filtration process need not be interrupted if rupture-oi.
the filter cloth in one of the chambers occurs (provided the chamber is not
entirely full). The contaminated filtrate is returned to.the treating kettle

and the remaining chambers are allowed to run. o

_ The use of PC cloth as filter cloth is not possible a\,t these high
temperatures, but it is unnecessary anyway as the oil is neutral. Fairly thick
cotton, cellulose wool-cotton, or 100% cellulose wool cloths have proven satis— -
factory., “These cloths are durable even. at the 120° temperature-at-which SS_906.

‘0il is filtered. Using a 1000 @ press with 24 chambers (requiring 50 m. of '~
filter cloth) the filter cloth serves for 1000 cu.m. ‘of 0il. -When the presses
‘reach 8 atm. compression the chambers are full and the cake is washed with fore—

* runnings: and blown dry with Np. It has been found that this washing process ’
operates best when the water content of ~thé clay is limited to 8%. . Hence the - '
clay should be stored in the absence of moisture. . - ... RSN PR e

V. Residual Qil Tredtment =~ -~ ' \ : b
'.A‘.Z;fff—f:fzi>-1n_,the'-seétion ‘on’ the working up of the crude polymer the separation

of the -0il-aluminum chloride sludge was described (p. 78).  The residual oil
thus obtained has the following properties : T ‘\ o

"7 3o 0.8510 - Coke-test . .65
- - V8%  125.3E°  Acid No. S 0.1
- ‘\ V99° | 5.39E° ~ -  Saps No. = 0.7
VeI. - 80,2 . Iodine No. 122 -
F1,P, 185 ... - AJP.. . . 8

 P.P. =23 - |

i © On the basis of the high iodine number itiwas decided ta ‘hydrogenate
the oil over Cat:.3076-at 10-18 MV.. The catalyst was poisoned very quickly.:

An increase in the hydrogenation temperature ‘brought’ no” improvement in the 1life: .
of the catalyst.- The used catalyst was in part decomposed ‘and“in part incrusted
“with coke. S e e R e T S '

, ‘The improvement of these-oils by hydrogenation was 'ébégn‘dbn'ed 'and an
“after treatment-with Al1Clz was tried. 'The water—free peutral oil’and 5-7% A1Clg

was heated to 120-150° with stirring for 3 hours. Upon cooling, the ALClz—~
’h}ydrocax_'bonv_'cornplex"‘separated"a‘nd‘ was removed by decantation.. . = - A

"' The acid oil was neutralized with lime and methanol, and through distil—
-lation brought to the 'desiréd FI. P. If this acid oil is neutralized with lime.
without -the use of 'alcohol -the properties ‘of the 0il are better, as shown in . -
Table 63. ' R , el St A
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Table 63. Noutralization with and without Methanol

e e ———

‘Date Exp. No. Conrad. C, Todine No.

12/8/42 52 I ...188 1645 - '
B 5 ¢ . .216 17.1 I Plant Sample 011 - Lab-Lime
v 237 - 17.4 -I1 v " ® "+ MeOH
53 I - 4157 . 1646 IIT ¢ " " Plant-Lime
I . .200 | 27.5. w oo i o w n '+ MeOH
Iv 234 .. 24.2 - ’
54 1 © o W242 "27.3
S II .285 - . 30.0
111 218 . 26.4
T II .204 T 15.7
CIII 180 7 15.2
56 T .- 180 "~  15.5
JIT " .215 © 1642
III 175 15.6

e ' 'Table 64 shows that the hlgher b0111ng materlal is more unsaturated
‘than the lower. .

S Table 64 :
" b.p.f0.1 mm.. .~ Iodine No.,
1600 . T RuEs T -
180 ~ e —4 = Todine No.
190 S L. BlRS: -Sample - 6.53
T 200 o o 5.9 T - , o
- 210~ S %: ST
220 o S g.70 o
L2407 : 12.55- - s
250 o N 15 05 T s o

This llght fractlon can be put in again w:.'bh the SS ga.l in the polymerizatlon
process. : ) o . ) i ' -

S \ One obt.ains out of . 100 parts of crude R 011 60 parts reflned R oil
and, about 27 parts R- 0il forerunnings. One obtains further material from R o0il
_;refln:mg by washlng the AlCl:,> sludge w1th hot water - 5 parts. of as o~called -
_RR 011.: g R CE T

. The ref:.ned R 011 has the: followmg propert:n.esx :

ool 0.8457 ~ 7 TCoke'Test . 0.2
v38° = .%0.4 . . . Acid No.. O
~y98°® . ..-4033 e _Sap.' No. - .- 0.18_~
VeIl - 106, 3 --Todine. No, - .- .32

Fl. P. 194 . . i AR. . 187
P‘.P. "‘59° : : L . < AN
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It is used for the production of .cold-resistant axle oil for the

German Railways.
The Alcl

and 35 parts AlCls.
vigorously with hot water.
the following properties:

420
vao°
Vo9

V.I.

Fl.P.

'}’.)--Pc

sludge obtained in treating R oil consists of 65 parts oil

The sludge will not react with col
One obtainsg then a dark, very viscous oil which has

0,960 Coke Test
2622.0E° Acid No.
26.4 - Sap. No..

67 " Iodine No.
188 "~ LA.P. :
1e

Table 65.- U.V. Abs‘or'gtior? “Spectra

% Transmission’

between 2 500 and 2, BOOA )

R 0il Crude . 5.
"R 0il H, with 3096 : 27.5
R 0il Hp with 3390 - . es.
R .0il Treat with AlClz - R9.7
- R-R 0il Crude . S 5.
'R-R.0il H3 with 559@“*— 4055
S5 0il (Oven VIII/41) ° 58.0
. 5s 0il (Oven v111/41) 47.5

d water but will decompose

5.68
3.58
8.06

- 137

60-69

The R—R oil was hydrogenated w1th 3590 catalyst at 17 MV.

SR __A sgall amount of crackmg—‘took place.A

A 68% yleld of water—-clear

weak blue fluorescent 011 was obtalned w1th the following propertles:

--dag
. Vag?

~E1.P,
P.P. -

[GASINY

0.881 : . Coke 'Ibst
115,58 - _Acid No.
©14816 : _Sap. Noas

. 8L R ~Iodine No. :
183 T f KPS -
“_~55 . L

4.55

0.
o T
137—
143 :

One sees on. compar:.ng thls product w1th the sta.rt:.ng material that.

__thee viscosity has decreased sharply,.the. V.I,.decreased slightly; the. coke test

‘is still very high, and the iodine number is practically. unchanged.
' remarkable that the pour point-has decreased from -1° to ~35°,"

It is =
The most 1mportant

‘of these results is that the constituents responsible for the high coke test are
not removed' through hydrogenatlon. ~Table 65 shows ‘that ‘the R-R oil differs from: ,

the R oil in that, it possesses a much hlgher aromat:.c content.

f.respons:.ble for the high .coke: test.

- AS-the R—-R oils" had hlgh 1od1ne numbere, they were glven

to test as drying oils. He succeeded - with our help, to produce a’

These are -

o ‘Dr . Heidinger
lacquer which,”
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according to the choice of solvent, produced a dry shiny coating, whereupon it
was concluded that the R-R oil could be used as a drying oil. However, it
appeared that the oil did not take up oxygen in drying as a vegetable oil
would do but rather formed a bituminous-like material. If, for example, the
R-R oil is mixed with 2% Cobalt-Lead-Manganese siccative and blown with air
for two days at 20°, there is no uptake of oxygen, as the following elementary
analysis shows: :

Original R-R Qil R-R 0i1 after 48 nhrs.

Carbon . 87.60 87.10 - °

Hydrogen 10.89 _ : 10,72
N -Oxygen . 1.25 : 1,23

: ' The bituminous-like character of R-R oil is also shown by the fact
that if it is heated with Vinoflex a glistening thick lacquer is produceds .

. The R-R oil has’ been accepted by-the lacquer commission and
advertised as a lacquer ingredient under the name of "Karboresin R". It
serves .as a base for paint on wood and bricke :

N The R-R oil is also very useful as a plasticizer for Buna compound-—
ing, as has been shown in the rubber laboratories at Schkopau. It can also.
be used together with mineral f£illing; -for example, with ground shale, it -

produces a linoleum-like surface if applied to ’rough_ cement .

.VI. « Experiments for After—treafneht ‘of Manufactured SS 0il

a. Effect of Hﬁiogenation '-on\.;Préper_t.;_ieshof t‘he' 0il

. "~ It was desired to- determine"\whether hydrogenation ‘of ‘the 55~ oil would
produce an alteration in the stability of. the oil or its ‘cold properties, ~Out |
of a great number of experiments at different temperatures and . pressures over
catalyst 3390 and 3076 only the{' following one need be'describeds. . — . '

Hycirogenati’on o_vei' .Not__ Sl . - : o T
K 3090 at 150 atm. . Hydro- 5 M My - 7TMV. 8 MV "‘9 MW ow

Ho_ e genated A : : IR : LT .
ago” ——""0.e48 = 0.848 - 0.846 0,846 - 0.847 = 0.847 ©0.847
Viscosity 99°C' . 2495 292 F 2,94 2.9 ' R.96 2,95 2.99
LT 50 1406 14037 1403 0 1444 1445 - 1424 - - 14.5
. 38 . . 26.2  ‘BEW3 - R5.,3 [ 25,7 . 25.8. ° 25.8 26.0
S0 TT.8 7345 74.1 74,5 . 77.3 . . 75.0 \7545"
L. 00 osm o B77. . . 389 RIS S 382
T T -0 - el 1448 ¢ o 1844 A Jo T 1495
— s as o 14760 33750 oo 2930 ‘ | 3430
0N 0 260 12580 . - 10880 — 4o 10800
. -5 . 5180 . mot meas. 120490 . .. not meas.
VoIe e 1R1,7.0 122,6 122.6 . 122,8°  1R2.3 122.1 = 123.3 -
S PePy T, 0 8ge . ~16° L oa17° . -19° . - -18% . .-17° U ~16% -
Fl.P.. - S 169° 7 a74° ¢ 178° — 190° . 1185°- 184°  ° 188°
Todine No,' . .5.21. 1,97 1.40 1,04 ' 0.74 - -0.39 . ©

Conradson G+ . - 0.114 ~ 0,038  0.084—0.0%6.._-0:030 - 0.0%8. 0.024
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.The product after 5 and 6 MV hydrogenations-was a pale yellow oil;
after 7 MV it became a colorless oil. For complete saturation 10 MV were
.required. The latter material has been tested with Paraflow in order to
determine its effect on pour po:.nt\, and viscosity.

1) SS 903, 2.49E°/99 Hydrogenated at 10 MV
' °c . o Without Paraflow ‘ 05 Para.flow
o o 362 B 340
-10 . 1435 952
~15 o 3430 o 1163
-20 - 10600 : 3190
-25 o not meas. - ST 6960
80 S o -+ 16800
2). : SS 903 de_rogenate without Paraflow R
P.P.
. =R0°
+ 0. 02% Paraflow R T =27
0,043 " - S =30
. 0.06%: .V o _ - =85
0.08% ¢ - - .. . -85
0.102 v L C e B4
‘”"5‘) o PuPs Lowe'r.gg' : wrbh Paraflow usmg Smthetlc 011 55 %ve
' Amt. Paraflow P fC. o LgoeES<
R DY S TEeT . T1%e%0
L0W0L el a0 9749,
0.02 o RET- S 6296
0,05 o 47 S 4912
0.075 L =47 . 4702
00 T AT --4250
fZ');' » -——Eifect. of Oppanol and Paraflow .on - SS 902\ »
Amt. Oppanol Amt. Paraflow ’ P.P. ' fVl cosity, °E
e SRR - 299° . 30"
R T - < B8 Z.a18 ' 2940
S 0.5 . .0 —49J 2.42 . . 6160
oS es s 2.42 4560

b) Effect. of After-Polvmerlzat.lon on °S 0il

i In order to 1mprove the -properties -ef the» 011, es peclally to ralse the
-thermal stabllq.ty or lower the viscos:Lty, the crude: polymer was  heated further -
in the autoclave before the. pressure ‘was released and 1n the presence of the
reactlve addition compound.

NI . The first experlment of this kmd was. carr:.ed out in February, ‘1938,
in the 1000_7(} autoclaves -
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After the end of the normal polymerizatiop at 110°, the autoclave with~
out further gas introduction was heated an hour at 130° as well as at 140°, The
AlClz addition compound in the crude polymer should act as a condensing agent.
Some of the results are shown-in the following table. Since no analytical test
showed any change, the product was not subjected to motor tests. '

= Table 66 -
- - Heétl_ng' __ . ‘ .
No. = Hours ’c E°/99 VoI, - Pour Point Flash Point
254 . 0 - a4 116.1 -36 - 201"
‘ 1 130 - --4,05.. 116.6_ ~  -36 . 195
2 130 4,15 . 115.8 36 . 200
257 0 - 4.23 18.1 =87 - 207
R 120 . 4.52 . 118.4 87 . . 197
3 120 4,27 |7 1161 - 86 o201
4 120 4,70 L. 117.1 -4 - 205
254 0 240 . 4.54 114.7 RRLE - 207
_ .3 140 4.29 - 11333 . =36 S S T
4 140 4.07 113.4 ~35 - 210 - .

- . In a similar manner, higher temperatures and longer times were fried
in~the 4500 1. Ng autoclave. The oil obtained was tested for oxidation -
stability. The oxidizing conditions were'as follows: 255 g. SS'oil was heated
200 hours at 170° with 10 1. ‘air.passing through per hour. - -

“Table 67
Polymerization - Oxidation- E°99 " V.T.  B.P. F.P. AN . SN .CC
e y ' : » G LT R
None © ~ © © _ Nome. = 4.55 .108.6 -84 218 0.0 " 0.0 .0.026

200 hours ' 8.37 103.2 = ~R7 213 W73 - 20.61  0.832
4 hours at 155° None - ‘ _ ' ‘ (
: L 200 hours 10.15 101.0 -5 ..198 6 19.38 - 0,817

o
7
T5.52. 108.5 33— 201 0.0 - 0.0 0,030
_ 7.0

oL
10 hours at 155° Nome - - 4u49 108.5 35 . 214 0
‘ R 7

A ) O . 0.0 0.022
200 hours  8.92 - 96.3° 24 | 208 - 7.0

_ 06 22.18°  0.677
) ALl‘though the after-polymerization was. extended beyond the .ten hours, .
no important effect on the .thickening was observed, A small improvement in the
Koketest was observed. Experiments at still higher temperatures are continuing
and their products will be tested. T
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VII. Survey of the Leuna Production in the Years 1938 - 43

By The following table shows a collebtion of oil yields in the different
autoclaves based on 100 parts of ethylene. :

Table 68
451, 1000 1. 4500 1.
ss 0il 78.4%) 77.28) AT6.0%)
Forerun 10.3 )93.7 8.6 )91.4% 7.7 )91.0%
Residual 0il . 5.0) - 5.6 ) 7.3°)
Uncondensed Gas [R.3 3.2 2.7
‘ 3.7 5.4 643

Loss

The above yieldé ‘were obtained from early work, 1936-38. Table 69
is a survey of the improvement-in yield and energy consumption from 1938-1942.
The drop in yield in 1942 is due to the variations produced by the production

of 55 903 and to the fluctuation of the.gasés received. -
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Tables 70a, b, ¢ and d are surveys of the refining of polymer from
the 1000 liter and 4500 liter autoclaves. ’ ’

Autoclave

' Table 70a

500 mm. (1000 1.)

800 mm, (4500 1.)

"CoHy/Reactor

- ..470.0 _kg- = 100%

- 2200 kg. = 100%

SS$ 908
Vv 0il,

R 0il T

Machine 01l 7.2 kg. =-1.5%

Volatile 0l
" Residual Gas .
“Asphalt . - T

"‘Loss-

362.8 kg. = 77.2%

" 40.4 kg. = 8.6%

19.3 kg. = 4.1%

14.2 kg. = 3.0%

- 26,1 kg. = 5.6%

1670 kg. =7670%
150 kg. = 6.8%
160 kg. = 7.2%°

;
-

720 kg. = 0.9%

o

60 kg. = 2.7%

140 kg = 6.4%

AL 2 :chlarg'es/da;y at

- 80% operatirg time/

~oven.

. 28200 kg./mon. CplHy

17.5%./mon. SS-906- =

210 t./yr. SS 9.0§5_/oven‘,v

/80 t./mon. S5 906 =

— +—-960 t./yr. & 906/

oven .-
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Tables 71a and b show the amounts and quality of finished oil.

Table 7la. Viscosity Indices and Number of -
Tank Cars of SS 906 Produced at Wifo :

VI Value Over 106 107 108 109 . 110 111 112 113 114  Total

- Noe. cars -~ - 13 29 ":85 - 14 . 7 s 1 125
1939 : : _ ' : ‘
' Z - ~ 10,6 23.6 44.7 1l.4_ 5.7 4.1 0.8
E No. cars - 10 89 94 48 8 - - = 219
1940 : T R , ‘ ' :
% ~ 4,0 35,8 37.8 19,3 3.2 - o~ " L :
| No.cars =~ 25 80 86 126 63 17 3 = 400 .
1941 N N SRS o :
Sl 6.2 20:0 21,5 31.5 15.7 4.2 0,7 - —~. . -
~. . No.cars 14 65 161 183 98 .10 - 4 2 - 539
1942 . : . L A S
% 2.6 12.1 30,0 34.0 18,3 1.9 0.7 0.4 . ~
-Jans No. cars 2 28 52 70776 @ 42 7 - - R77.
June e . P k ’ . . B . \
1943 % : o 7. 1o 1 18:8.25.0 2. 4 15 2 2. 5 —_ =

It will be not...ced that until 1942 no tank cars went out with a VoI
less than 107. In 1942, 2.6% of the material dropped to V.I. 106. In the
“first half-of- 1943, -1t was- necessary to send out two tank cars (0.‘7%) with
V.I.= 106, -The chlef amount had a V.I, between 108-110 with some above 110. -
The chief aim of further 'development is to bring all the oil to.a V.I. of:112.°
. This can be 'accomplished through an :unprovement An the gas pur:.f:n.ca'bn.on and
alum:mum chloride catalyst. Lol NEEE _ I

VIII. _QEclflcations for Products 1n S5 0il ﬂanufacture

1) 'Ss 936 (Chief- Product)

Phys:.cal Propertles o SS 996 " o Minera’.i‘bil Mixture -

_Appearance. e : Clear, free of un—
S . T  dissolved water,
- o BN - mineral acid, and
' : - solid foreign

S " material . _ , SR
Demsity| - . €0.862 0 .« .897 ©. . «.895. .
vsoe ) 334 '-350c St ' .51 ~60c St 125 =143 ¢ St .
R ©7 =44 -46E° . 5 6.8-T.9E° S
Viooe 423 ¢ St = 985 cSte . 19.0.c5b =
S BWBBES ¢ e e LGRS R24T5E°
VeI - Over 107 - : _>88 S 07 98 S
. Rlchtungskonstonte 2 3,05 T 3,66 s 3.35 .
Pole Height =~ = "< 1.73 - . 2,08 - Ll ea1.es
Pour Point™ - .. __ <~25° e Asr a0y T

Flash Point = . 5 225 26%0T L > 228°

-
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VIII. Specifications for Products in S§ 041 Manufacture (cont'd)
1) S5 906 _(Chief Product ) = Cont'd '

~ Physical Progrties 88 906 . Mineral 0il : Mixture

- Fire Point _ ~""3 263 : 258 > 225
Acid No. | < 0,08 0.06 . < 0,06
Sa.p. No, "« 0,30 ' 0.17 C < 0.2

" Volatility (Noock ' «8% <14% " w7

b, 250°) - - : z

_.Conradson C._ . 0.2% 0.25% 0.25%
Ash Content . . 0 ’ o 0 ‘ . 0
Asphalt : -0 _ o : . 0- .

§ . 0o

" Water - ] 0 . 0

~If ss 906 is to be used for a:.rplane motors, it is mixed with equal
) parts of ‘mineral .0il. The 1atter must have the properties shown in column 2.

The flm.shed mlxture (50 parts 557906, 50 parts mneral 011 0.2%
:thlbltor) should have the propert:.es shown in column 3. o

2) ss 903 (5E°/100)

T ~ aR0 ¢ 0.860° .
: V50°. - . 106 — 114 c St = 14 - lSE.
© I Vipo* 21 ¢ St = 3E°
v.I. 115 _
m o L T30 =
= Vp - 1.80 o
PP, S -85
PL.P. o 2000 | S
Con. Co — & O 201 LN

The SS 905 011 is not used directly as-a lubrlcatlng oil, but is. mlxed )
w1th esters to produce the following o:.lsx . : -

—

-~ Adr torpedo oil = - LTK 12"

S0 Luberoil-for LT instruments V5 1 .- T
e Cold: startlng oil | ss 1600__‘_‘ ST
‘ ‘ v . E}g : " ‘ ‘ V8.1 v,i, S . SS 1600
ssgm o ,‘.*‘_ *40pw.._ ' 25 ptsw . :1__45pm.,u
‘Ester 515 b BT SN C I _ ‘ 55
-~ KSE © R S B R D
aro C 4910 0 €010 .-l Ty <900,
Vz0° L o o s N 7600 8 St
e , e : Co .-1008 E%
" Vape 8795¢ St = - . e
RRRTES 11.5-12.5 E® - ' BT G
Vgoe S SRR 16.7—18 J5- c-st = = 2B.8-2T ¢ St =

2.5-2.7 B* | BaB-8.7 B

~ L
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V100" > 6.25cSt= > 5.lcSt= > 6425 ¢ St =
1,50 E° 1.4 E° _ 1.50 E°

P.P. . <-50° < —60° A <-55°

FL.P. . > 180° > 180° | > 200°

Acid No, — < 0,20 < 0,20 < 0.20

- Some Mesulfol and KSE may be added to S5 1600 but the amount has not
been determined. From the S5 903, ome should try to get an oil w1th V.I 7120,
,P P. < "‘35 Fl.P. > k00°, and Vgg 2 5= 3.0 E°. )

5)v011. e

' .This is the low b0111ng fraction of the SS crude polymer. It shows
very good cold properties as it is still liquid at —70°. The V Oils are
designated with a number which corresponds to their flash’ point. The V Oils
are used as components for the production of ‘the follow1ng 0115-

a) quuld pressure oil : Do 2000
‘b)  Gun o0il : - - ‘Blue 44
e) Ice—machlne oil o : SV 0il

The comp031t10n and speclflcations for these 0115 ares

Sl
a) Do 2000 ,r\'\ 

; Comp051t10n~ 73 parts v 120" :
S © 25 parts Ester 455
-2 parts KSE - -~ :
. '.006 parts Fluoral SG
.10 g. phenol phthaleln
N
Speclflcatlons-.-

L < 0.850 -

Voo L »> 91cSt=175E
Vege . . < 4940°c St =650E°
R DR . R

Fl.P. L em1R0% .“‘-' :
‘Volatility : . 120° <12 wt. %
< Aeid Nos .~ - TR g QeR T
*Sap. No.vf . w ,,4;, B0

Swelling - ik, Material 5565. 7y i ' '
Swelling - liq. Material =S54d. 7). ° - 2 vol. £ af“er 2 hours a’° go%c

/ o
To meet the above speclficatlons the V%120 must have the follow1ng

propertless

lyeoe T 7 BBO0E
“Vepo. - <7 LJTL E*
CPLP. T o\ R

SFL.P o e o > 120°
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b) Gun Oil Blue 44

Co!

mposition; 45 parts SV 120
45 parts Ester 455

5 parts S = 10 parts Mesulfol II
0.05 parts Sudan blue

SV 20 or VK.20 is a mixture of v 120 with SS 906.

Tables, 72a, b and -
¢ show the properties of mixtures of SS 906 with V 120 as well as with V 140.

' o 4RO —_— - «.,895
Veo© . . =10.8c St =19 E°.
C Vg0 " < 7600 ¢ St = 1000 E°®
Fl1.P. R > 125%
‘Volatility at 120° <7.5%
S Content .. . . 73 wt. % -
_ Acid No. . .. . <043

Table 723 and b. Mixtures of- ss 906 and ¥ 120

70.0 . '3.,58 2,17 - - 1,780 = 1.256 , 175.2 117

Compos:Ltlon A . Viscos:.ty .
e R IR _ Flash Pour
SS 906 ¥ 120 20° -~ 38° - 50°" 99° . - V.I.  -Point Point
'100.:gs .~ - -:33R49"" 91.3- - 45,1 = 6.01 - . .110.8 - “235°%  ~34°
9745 2.5  266.8 C0T75.8 0 37.570. 5.8 0 ©7110.8 1194 - -BR
95,0 .. 5.0  219,5. 63.8 32.3. 4.81 . 112.7 177 B4
92,5 . 7.5+ -181.6 93.5 .- 28,1 40427 113,10 168 ~37.
90,0 -10,0° -149.6° . . 45,6 ' 24,00 . 3.97 - ~115.6 .. 1647 ' -—40
87.5 12,5 ~123.1° " '38.7- 20.63 . 3.62 . 117.2° 154 . 4l
85.0-- 15.0° 102,17 - " -33.2. " 17.40 . ' 3,37 ;;7119.7 180 . —43
82.5 " 17.5 . 85,3 . :28.4 .- 15,47 . 3.06 =  120,1 . 145" .. -45
..80s0 "20,0.~ 70,8, " 24,25 1351 ... .13,82 - . 121.5 $ 138 - 47
77.5 ¢ Q25 59.7. 20,93 7 11.85 . 1.2,62 112'._9' 137 t 47
75.0 - 25,0 . 50,0 - 17.90 10.32 . 2.45 1254 133 =51
TRS 27,5 742.2 7 015.63 7 9,07 2431 12748+ -~ 1R9 .. ~5R
70,0 30,0 - 35,9 ' 13,51 . 8,02 . 2,20  129,0 _ 128  ~53
67.5 . 32.5. 3l.4 12.93 . 7.11. . 2.06 o 13042 126 .. -56
. 65,0 .. 35,0 2644 °10.54 - 6.57 0 1.969  132.4 - 185  ~57
62,5 . 37.5..7.22.64 9.2 . 5,75 :1.874 .134.7 . - 1247 <69 °
‘8040~ 140,07 .:21935 . 1 7.86 0 1 4.92° 01,778 01361 o 1RE i 60
57.5 42.577 16,33 .  .6.88 - 4.41 71,705 139.5 . 1124 . = 61
55.0  45.0 . 14.03. 16,06 !5.92 YU .1.643° 0 142,37 0125 - 62
52.5- 47 \6 12418 . 5,42 . [3.59 "1.56887 144.0 0 1197 ~64
50.0 .50.0 . 10,51 1478 - CB3.24 1.536. 146.8 117 . B4
47,5 52,5 . 9.62 - 4.48 © 3,06 0 1.511 149.9 - 119 - 67
45.0 55,0 . 8.15° ° 3,89 .| 2,75 . ~1.456 _ 152,5 « 117 .= -89
42.5° 57,5 . 7,13 .- 3.50.. - 2,55 '~ 1.420 - -156.1.. 117 -69-
"40.0 -.6050 - 6,12 T 3007 -2«3L 01372 0 18747 0 117 ~72.5".
“B745 7 62,5 7.0 54280 . 2,770 2.08 1,329 . 157.2 . 116 under -7.'5
35.0 - 6540 - 4.60 . 2.81 . . 1.972 1.305.:  167.3 @ 117. . "
32,5 67.5 - - 4.02- :R.32° - - 1.873 1,279 171.8 - 116 ¢
3040 - - "
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Table 72a and b (cont'd)

Composition : Viscosity
Flash Pour

SS_906 v 120 - 20° 38° 50° g99° V.I. Point, Point
27.5 72.5 3.13 2,02 1.695 1.237 185.7 114 Under ~73
25.0 75.0 2.53 1.881 1.612 1,210 187.6 114 "
22.5 778 2.55 1.783 1.559 1.191 192.4 17. "
20.0 80.0 2.35 1.700 1.527 1l.171 188.2 . 118 "
17.5 - - 82.5 2.16 1.616 1.443 1.154 . - 116 0"
15.0 85.0 2.02 1.556 1.402 1.140 - 115 "
12.5 87.5 1.802 1.498 1.360 1.123. - 116 "

. T0.0 90.0 1,784 1.446 1.239 1.111 - - 113 "
7.5 - 92.5. 1.897 1.403 1296 1,099 - N 115 "
5.0 95,0 1.515 1.358. 1.263 -1.086 - 115 Son
2.5 97.5 1.546 1.324 1.239 1,078 - 114 - "

v 120 - . 100. 1.502 .1.302  1.2R1 1.068 - 115 v

L

Tabl(= 72¢. . I’h.xtures of 83 906 and V 140

"

‘Composition o Vlsc031ty N o
: : : s —_— ‘ : : Flash . Pour
SS: 906 ¥.140 . 20° 38° 50° .- 99° . V.I. . Point ___Point
-100.g+ - 359.2 96.6 . 47.7 6.03 108.3 235° . ~B33°
“90 " 10 . 179.8 53.2 27.04 4.22 111.4 185 -46
80 - .20 9443 30.6 16.09 - 3.04. 11474 =165~ =50
70 B0 52.9 - -18. 53 . -10.49 2,45~ 121.5 181 - 752
80 . v 40 T 29.5° 11.14° - 6.60 1. 950 . 125.5 185 63
50 50 T 16.32 . 6,71 . 4.22 7 1. 665 - 138.7 153 -55
40 60 . 10.31 . 4.62 3.05 1,502 - 142.,0 ~ 150. —£66 -
30, .10 : ‘6‘.354" 3,10 2.29 1.375...159.0 146~ -717
20 . 80 397 2,27 1.816 1.253  150.3 143 73
210 0 90 2.77 1,83 1.565:1.183 | 1474 14L " under 73"
=100 0 2,087 155 ©1.389 1.123° 0 e 139 ﬁnder ~73
. . ) \“' —_ . ; - ; . l L ] [
4) RO . e RN

‘ ‘ Ol\ata:.ned from- the AlCl sludge. These serve for the productmn of Y-
axle 0il -red for the ran.lways.. 'I'he R 011 must have the i‘ollowmg propertless

~gRO - - rero, 85 :
: VSOo g o 42.0 (+] qt = 5-6 E
F1.P. > 140

Con. C.. - < 0.3
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Y Axle 0il.

~ Composition: 60 parts R 0il
o 20 parts V 160

~ 20 parts Tater S04
0.02 parts Sudan red

Properties: = Vgge > 3.4 E*
Vozp° - < 900 E°
V.40° < 3300 E®
P.P. < ~60°
 Fl.P. . > 140

SDS~x1349
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