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: The'convoreion of ‘olefin hyd.roear‘oone %o sloohole with tho use
furic.acid as. (aa yon may know) & large scale proceas, ie used in the
Untteﬂ. smes eince tha firat years after the world var on a groving scole, -
In Em'ope ‘this procans hao ot Yeon introduced bofore ve started the iuvestign-
.tione. ‘excopt in small experimontal vlants that wero mostly used for the corn-
vereion of othylene from coke gas to othyl alcohol, - The processing of ethyleno
$o: othyl alcohol by way of sulfuric acid esters differs in many respects very )
far from’ the proceselng ‘of the rest of the olefin hydrocarbtons to the correspord= - . -
ing alcohol o 'L‘hareforo in the following the ethyleme processing vhich ie of no
1mportance !.n{.the scope of the Fischer-Tropsch produsts ehall Yo neglocted. -
the:other: hand. wvhat we have Toported about ths procossing of propylonme or 'butyl- :
one 1a valid' algo for highor olefins like pontene and heptons if one neglecte '
enall . variations, -Only with olefins starting with ootens upwarde does tho pro~ ' -
ducti.on of the: correuponding alcohols over sulfuric acid esters diffor so much
that: they do not 1ie in the ccope of the present cubject, Although the chem~

i -of. diseolvtng oleﬂns ‘4n acids and adjoining hydrolysis of the eulfuric
) _:t-eetera %o alcokol 18 relatlvely gimple, the vy to obtain good yiclds in this

method is quite difficult,  We axperienced that during our investigations in tho
i 1file.hora.tory (Dartly toaathar with mhrchemie) that were otarted in spring 1937
. ond that led to. the besinnins of the operation of the first large scale plant in
... Hurope. An the vinter 1933-1940.at our motor fuel vorke, 1a order to visualizo

for you the hidden ‘diffioulties of tho processing of oluﬁns I would liko to meke
a‘. fov. ‘goneral ctatements about the chemiatry of-the olafimcid reactiono bafore
"/ wo:@o. into the epecial process as” u !.s carried. out by ms° “

e .wm today aulfurio aoid ‘le the only acid thn.t 1e uead for the
R teuhnteal conversion. ‘6 olefins to ‘alcohols by way of ester. ' Other Tosgonts
L of “aeid oharaoter. have 'been uu.ggeatod ‘dut are without praotieal importance Yo=-.
~ caupe-they glve poor: alcohol ylelds. . ‘Protably tha basic ‘penction oceurs upon .
ase 0f e\l aodd: edmiztures in puch: Amy. that. the olefin gombines, firet with
‘acid to dofinite estor-nke con;ponnd sidch are hydrolyzaa. with formation of
alcohol either inmdtately orin later reactions. ' Numerous' suggestions were
- nade for & "direot" or “oatalytio“ water addition to olefins for aleohol Zorsa~
;-tlon m the attompt to avold the uee of coneentrated swifurie acid in the pro~
1 cens, In mopt: ‘of thepe direct mathode dilute scld or an acid salt is waed, - = - -
mmwnym&hwlmtmeonmddwionuoﬁeteam&nd«naing-oiahigh«pzeanmawlnmw
“‘can aseumo in such processes the. function of ihe acid reagent in the baginning e
49 the game as: in. tha Jbettor: ‘known’ reactions: Writh’ concent«rated acido Thug,- - .
intermediate’ anter: fomtion With following hydrolyste oceurs; - Three operation
770 conddtions are of decisive i.mportnnce :for tho. nlcohol yiold 1n the procouaing T
' ’,‘of oleﬂne with nulfuric c;a, S i L o R A T

- olofta shorptton,
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Acid 'pr_xg' entg.atg no » o
~ The concentration of phosphoric acld 18 of groat lmportance -

. for the course of the olefin absorption, 1005 HyS0) causes charring in all -
. olefins and temperaturs control in such cames ie difficult, The water com= - - .
- bent of lesn concentrated acide does Dot act as simple dilution agent beceuso
“other homogensous mixtures of galfurdc: acid sre inferior to-sulfuric acid vhore
. vater 15 used as dilution agent, Only 75-80% acld can bo. utilized practicelly
- for the absorption of 0,=0, hydrocsrbon, such acids in whieh monohydrate ‘
(Has.o .820)7'1lj'oontainea in ebundant amounts, The stability o £ the compound
i <,~ﬁeo_‘ is already indicated by ite high.formation hoat, - This monohydrate -« -
remaing &lo when it reacts with olefins whereby the equation vas CnHyn ¢
50, H50 = CnH,n +1.050 H.Hy0, - The monoalkyleulfete forms :wlfﬁhontvl‘gi;minn-
tlon of 'water, That can”be seen from the composition of numerous salte, for |
. lnetance, the barium alt that can De icolated and contains the corresponding -
" Bydration veter, This agoumption is further confimed by the fact that by use -
of pure monohydratee (84% aoid,) the reaction with olefine occurs with smallost
decline of the reaction velocity during progronsing reaction,’ “Thus,’ no accumy=
- lation of water occurs in the excess wnreacted aeid, . If dialkyl eulfato is -
yf:rmoa by ghe'- reg.ctégg ;f.ao,mono elkyl t(nélfaté ;rith» further olefins, the equa-
tion 183 el oH50 + CnBon = (CnHontl),  0,80,+H,0, - The ‘corresponding
dialleyl Bulgsgg_ie_.lvatgr ?gee,«c;:als vmy_‘:iglainathaefngt hp.t,the_reactign‘heat K
. .0f Teaction 2 is very small in contrast. to the heat development Guring-the momo-- - -
-alkyl sulfate formation, S e o C o

.. Sulfurie fetd-OleftnBetle - i

.. The ratio of sulfuric acidiolefin determines to a lerge extont. S
-the formation of momo ard dislkyl :sulfatba: according to equations’l end’2,
It is true to somo extent tho two remctions occur simultensouely, = With high R
- ‘temperatures -there ocours & conversion of mono into dialkyl sulfates with =~ " .
-8plitting off of sulfuric acid. If one would only have to wateh for the good. .
-.uiilization of the used sulfuric acid then one would try for extenaive forme- . -
tion of dialkyl swlfate, But a:aumber of disadvantages sre connected with it -
~in the further procoseing of the estor, The higher dialkyl ' eulfates of butyl
sulfets, amine sulfate, ete., are noticeably soluble in-1iquid hydrocarbonms so -~
- Shat during the formation of dialkyl sulfates part of them goes imto tho resid-
- ual hydrocarton, - For the’same veason naphthas that have been rofined with =~
- swlfurio eold alvays contain primarily dialkylewlfatei . ... . . .. .
;oo o The presence of dialkyl. sulfaten 15 aleo’ important for'the = i
- formation of ether as we ¢hall see immedatoly, = ' . 0 - . .

gt
oo oo The polymerization of olefine to unsaturated hyirocerhons of
. .double or triple molecular sizo 1s poselble under the influence of sulfuria . .-
.. ‘acid, The ocourrence of such p plymerization reactions depends on’the acid :
.~ - otrength and on the temperature, J‘ropylene*"is,;;ielat,i‘vely‘jl.ipyt‘],c"j.xk.ql-i-,i'x‘ef&,‘tp'
. polymerigzation so the te_mgératgréih'x‘ld‘i"é;'qid"."'t:'-e’_ngﬁh_;&ani‘be"-léQp'of. An wide limite
- for.4he.absorption,-- H-butylene-on-the-other-hand-1u-considerably more sensity
and temperatures-over 60°C Tiays to'be' absoTutoly , |
"lsobutylens i even more gemsitive, O '
@edd strength not more”than 65% can it vert
osters of tho-tertiary buiyl slcohol, otherwice
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,,,;,complicated by, the possimity “

i

dition by prolongod storsge or by hoatings .

“.‘.3».

~~ X _
polymsrizsts, Auylene. raquires temperatures of less than NOT if polymoriza-
tion 18 to be avoided. For moet of the high olefins the permissible adsorp-
‘tion temperatures declines steadily.: Higher olefins from 03 up can only be
treated with sulfuric acid at temperaturce of 0°C and lower without predominant
polymerization, In a mixture of different olefins one olefin can bé polymerizéd

- with another which would not polymerize alone, = Aleo, ethyl sulfurio acid oster

that has been formed already cen cplit off tho addod olofin in polymsrizsd con-

' The' polymerization roaotion ‘influoncas the alcohol yield con- -

sidorably. and because of this undesirable ssconds.ry reaction the operation .

oondieions for & good alcohol vield have to bo dotermined vory oxactlyo o

: The. other reaction possibilities in: ths action of sulfuric acid

v on olefins in vhich eaturated hydrocarbons, further unsaponifiabls eulfur

compounds 11ke csrbylsnlfste, mlfonss. otc,. ars i’ormsd. shall only ba msnbionod

1

Ssmniﬁcation of ths Ests

Ths reactions tbs.t were Just :lsscribed occur in tho absorption of
hydrocarbons in acids, In the sd;)oining processing stsgs of hydrolysis ‘'of the =

- “sulfuric acld sstei" other soconds.ry reactiono t;hat inﬂuenos alcohol yisld hsvo

‘_ to Yo wntohsd
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Mono and dialkyl snlfatos are quite otabls in presence of water s‘t :

' norma]. temperature, Upon heating: with uater they are hydrolyzed s‘.lightly it

lwdrogen-ion is present in excens, Therefore, . the’ 1nf],usnca ‘of excass sulfurio' o
gcid on the hydrolysis of ‘alkyl sulfate is very important The hydrolysis is .

&M_m.a.ms B
o Thoso ethsrs ‘are i’ormed by the reaotion of dislkyl sulfo.tes with ‘ p

FIR

K alcohol aocording to squation 3,,

(no)2 soa + ROE. -; m * noso3

USpeoisl provisions are’ nscssssry ’to suppress the ethsr formtion in a normal

ester mixture in which dialkyl estors are always present,. On the other hsnd., RO

e vy the knovledge of the reaction conditions of -the: sthor formntiono ons can .
ﬂobtain high ethor yields direotly fromtho sster., S

L ;efig closxgg_ e

Sy Tho rosction accordins to oquati.on 1 cs.n run in both dii'ectiono" T

--'~3-~;‘~thst is. ‘under circunstances olefins - zhm have bean: token: up by ester: formstion 2ty

- can be:eplit off ageir @s’guch,.;The: decomposition of. tha ester that hae been -

i formod from .a)cohol and: suli’uric aoid is 'a longuknown msthod for prspsration of

\olefin hydrocarbonso
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: to ho% aoid content. B‘or esters of the hi@er alcoholn the dnution uth water ) S
B -before heating munt be ‘dncreaced’ coneidornblyo » , ‘

S L 'L'he hydrolyaia of eulfuric aoid estern leads to eeeondary or: tert- S
,iary aleohols, Primary slcohols (vhose OH group ie terminal) do not'ocour &n =~ =~ ..
- this method of preparation, The ‘other properties” of alcohole that aro prepared :

o _}1'by the preaent nethod vul be med soon,, - T

>

L You vnlbave nouced from what has beeneaid 80 fe.r, tbat thero
exiat nottoeable differenoee between the various olefin hyirocartons propylene.
" butylene, amylene which are noti.cea'ble An the sulfurlc acid treatment, But even
. between various isomers 'of.the same ‘earbon mumber one can determine very different.
" behavior under conatant conditions, ?ropylene (which occurs only in one modifica-
" ~'tion) ean be very edsily. :aaoted with acid, For butylene with the-three struc= -
S ,ture ‘ieomers the conditions are more ‘complicated, Iao!mtylene 1s inclined to
__very ready formation of polymerizatea and only under certain. conditions a tertiary ..
. butyl alcohol can be prepared, . l-butylene is most easily procossed toalcohol and.
“is similar in its remction conditions to propylene,' 2=butylene 1s mpre aifficult
o to convert into butyl sulfuric acid esters, The differences in the various isomers - -
1!1 their behnvlour in sulfurio ‘acid io even more d:lstinct in the higher oleﬁns., -

- !l‘hereforeo the usabiltty and the yie].d 1in the slcohol procsss can-
not be Btated right avay,  An exact knowledge of all particulars about the mutual
- ;~~'relationnh1p of-the various: isomers i necessary. - According to-our present -0b- e
.- servation there exiots oven smong the gasol mixtures of the varioue FischeraTropech '
' ‘Worke cons:lderable differencea ‘in this rolationehip,, .

Because of the differencaa in reaction behnvlour of pmpy),eneo 'butyle'
ene., and amylene one proceeded in the existipg plante in lmerice by first eeparat- .
‘ing the various hyirocarbon groups, and then only the uniform fractions, only Cy or
only Gy, &re put into the sulfuric acid in order to obtain optimum alcohol yiel 8, ‘L
< In-con raut to this:we vent purposely along another ‘path, “¥Wa tried to reacta
combined olefin mixture with caroful observation of romction conditiona for the
‘conversion of sulfuric acid and only the finished alooholu are separated from each.
other, Ve obtained: thereby (vy meintenance of god aleohol’ y!elds) L) number of
»a.dvantagee particularly 1n tho field of operating requiremen’ce.
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. A‘bsorption Dehydration REO ,
o Sapo!nficntion - Separation of tho ‘cﬁgc‘gng,mﬁ- T e A S
o varioun alcoholn L \
i mectric current 200 xw/h 60O Kw/h " 300 Kem
e Water T 85 cw o 300 ewm: 520 ewm

,sumzc Acid 100 ke

: _'ic cauged Dy the. abundance of rav. materiala which axe"avana
*able_ for the petroleum induetry. 1che; '
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‘uvery little

o 4e. @ven off mmtiiize‘ 88 waste pmduot
’v,the eoetly (t ‘agent

I% ia the mai‘it of Grimme $hat -
been mmie:iusable over again 'by -
i

f j réificial reﬂius, “If these
ot whoulci{'be Amvestigated on .

ic aci ,ia;.,notiuaed in coking plsmt.a°
: th ':casefottnheinpraussen the operation

o "concentration differences of tho sul- -
a furic acid A ,hich ﬂuctuates between 72,;and 86%° ‘He: -acke whether the differsnces

' X are cauaed by;dii‘fer‘ 6.in the. gasq | conoentration or: throughthe fluctuation
e ‘ :Grimme erplaine_(i that the- congentration ‘of olefins is-
and’ ..c,, hydrocarbona oY of 1~ or 2= butylenc

ifficulties écu “4n.too: -high acid: conoontration by vigaroul
. ’uaqc'.:;@y‘giopmntv hich: favoi-g miq irabi “ndnry reaoi;ioma° s

'the proceue areo
- 60. kilowatt
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‘ “be, reducod conéidorablyv
10 available) can be used,




