" JANUPACPURE OF DYGSEL OTL BY SOLVENT EXTRAGTION OF HYDROGERATION FIDDLE OTL

' Proliuinary teste inddoated thab of the various solvents teoted
(mothanol, methenol-wuter, methylformate, mothanol-mothylformte, furfural, 502~
propane, SOs-butate and SO0p-hexeme) the combination 80p-butans wns best sulted

both with respoct to yield and the properties of tho diesel oil.

... .. labaratory. oxperimnte wore carried out with a fraction of tho separa-

toréproduet”ﬁ'bm cosl hydrogenation; this fraction had a boiling range of 392 -
6179F., | -

Above +14°P, no separation into layers tekes placs, but with decreas=~
ing temperature the ‘yisld of diesel oil increases urtil 1t reaches a waximum at
«220F, - Lowering the btemperature to -400F, doss not bring eny adventeges both
with respoot 4o yield amd quality of the diesel oil. The results of - laboratory
extractions under vearious oonditions are shomn in the attached Teble 1. It is
assumod thet paraffing ere practically insoluble -in 80, &b ~4%F,, but that in,

‘tho raffinato the concentration of nephthenes -end paraffins in. §0p beocomos more
_and more_oqual when the temperaturec-ig lowered. The best extraction temperature

for the manufacture of diesel oil which should contain both naphthenes and'paraffins
“appears to be ~40OF. b ‘

Extraction with a mizturc of SO, and butane is a rether flexiblo pro- .
cess anl possible variations in yleld and quality of the diesel oil are shown in
Table 2. . ' ' :

‘ - By inoreasing--ﬁhe amount: of butane or by decreasing the amou‘nt‘ of S0y,
the diesel oil yleld 1s 4nocreased, wiereas the quality of the oil is lowered pro=
portionally. : : S

: . At a oconstant ratio of the: two“solvent 'components the use of increasing

quantities of solvent results in a higher yield and = quality of €he dlesel oil.
_This indicates that by increasing-the amount of solvent the separation of paraf-
finio and naphthenic hydrocarbons from the other constituents of tho oil is im-

proved. : : .
- -The yisld and quality of, the diesel oil depends to ‘e large extent on

" the: boiling range of the starting material, A higher yleld is obtained when a
lower-boiling fraction is extracteds - S L T

1 ¢ -] ‘since the| best extraction _'retsg'._,l_t‘sﬂ,. are obtained by carrying out. the.opera~
: 1%161;_ in e._cofl}um’n and Sinct the %xt’raéi fon temperature should preferably be =22%F ;.
4t is-desirable to dewax—the ol pxjiogp to extraction in order to avold paraffin |
- #eparation ix the column. Dewaking is also 'important with respect te the oloud.
*’]\‘pointf(‘br“tha Joil whioh should bo =dOF} | [ [0 Lo

| Thé middle oil was, hereforc, dewax od u
Powsxlnlg of o middle oil pf:19.5 API gravity.with 70% 50,
" welght of wax (40,8 API gravity, 100°. aniline point an "o mol tdr
B "‘a_.‘iir’iltt"a 0. (AP1. ayi'“ytlsullE)jwitl ‘s olqud poimt of #260F.) -~ ' | .
oy .‘5-ont"_3,“bh'e'f;_p‘u:l];dt".pihﬁt:tdbafs‘ the following proceédure. was workpd- Out:\jzg_;'rho S

011130 mizbiro ron o dorasiag it dn nised vith o datinitn smowi of b |



“of1 from the' eolvont and' the soa uled ror dewaxing'i'is"ald ut
solvemt. - } : ;

ture had ‘been stirred for 1 hcur ‘at thia tomperature 11: waa ‘oen 1fuged 1n a-
precooled centrifuge. The specd of filtration wag | 29.4 gallons ‘Por square foot
‘per-“hour at d gpeed-of 2,000 F. p. m. “After ‘ths filtration the wax was'dried by
oentrifuging at 2,800 r. p. n. for 5 minutes. To obtedn a pure wax the produot
wag washsd with a euitablo amount or 302 at” 500 r. p. m :

- With.a middle ou of -APT gravi'by 19, z and anmne point of ao°p., the
following resulta were obtained on dewaxing at difforent temperatureu:

Temporature  0il Charge S0 for dewaxmg 80y ror waehmg - Wax Yield

- F, - _eAls. _gals. galeo . . . Ybs.
2.2 2644, 15,8 - 7.0 16.5
‘0.4 26.‘.} 15.8 7;9 ) 1209
+).4 " 2604 " 15.8 . 7.9 11.0

The wax yield oan be inoreased by inoreasing the amomt of S0y s in-
dicated in the folloming table:

Temper_ature ' 011 Charge 502 roi', dewaxing 80, fdr'ﬁé.'aﬁing‘ WaxY:lald

oF. galﬁc galﬂ. '5&18. leO
7.8 26,4 9.2 $.9- 11,8

-2.2 264 168 T8 16

Fi’.lterabili*by was found to be _good in a11 axperlments. ‘The dawaxing

i‘un ‘oarried out with 9.2 gallons of SO, is of special’ importonce since’ 1t was"

found in refining oxporimmts .that this 80p. concentration is especially favorablo :
for proliminary reﬁning It was, however, goon found that with this quantity of"

805" the dewnxing temporature of =4 is not gufficlent to remove the paraffid oom=

pletely enough to avoid wax separation in the column. Tharefore, the oil %o be:

used -in the subsequeni -refining steps had to be dewaxed at «22%F. . At tempera~ . -

t0 half of |its provious value 80" t t thi temperature| region ‘i .without praoti\;-
oal 1 portanoo. “When m| 60% 803 g uaed atrat 1oa on ‘ogours a]re_qdy

tures  below =22 and uuit 9.2' gallons of Tg. 3 apeeLof ﬁ.ltratiton deoreased,
&
in th\la courbe or bhe ddkuhg‘ operation.

vd.th highor' th Roborafory. | -

ptokﬁb with aschig rings. Butane wasintrodu Lo r parj of._,t;F oolu‘ .
wher \OE soteq at th topf the b“ixfurofot‘ oi nnd oz £ the pre- rm

The wax obtaimed by cantrﬂ;fuging‘ i of' bette qual ‘lty am‘l 18 ot‘rhniing@___,_



— 2 ooal lwﬂrogenution middle oile were. uaed;. in these ;experiments. They
“had-tho Tollowing physical datai 01l I, APL gravity 16.1. anilinG point 66 Fs, -
“oloud ‘point- 2301'«,  pour ‘point 0.40F, “and boiling range: 446 = ‘6350F. ; whoroan the
“041 2 had API gravity 17.2, aninne ‘point 57°F.. olond(point 23°1|.. pour point

. 14°F. and 'bo:ning range. 365 - 617°{-‘. T P

‘ The. course: oi‘ the reﬂning operation was as. followm

- After dewa.xing at -22°F. the filtrate (abou'b 80 gauona) waa pumped .
:lnto a prenaura surge tank where the desired 80s- ooncentration could be adjusted.
From here the on-soz mixture was passed_by nitrogen preaaure ‘into a low-tempera- ’
ture cooler where it was- mixed with the degired amount’ ot‘ tatane ‘and- 6ooled .t0 - -
«409F; - ‘This part of the process is” called. preliminary ref'ining ‘since raffinate
and -extract-afe-formed-at this-stage-but-cannot -separate while-flowing- “through: the-
low-temperature cooler, - The mixture o 18 i_ntroduced An thescenter of “the extraotion
column’where it-separates into raffinate amd extract snd is further refined by -
butane and- soa whioh are -introduced in the colum at the hoi;tom and the top, res-.
pootively. Raffinate and extract flow into the “evaporator, are freed from ‘solvent
and drawn off hourly. 30 different experimonts were carried out. S

... T fonowing variables of the refining proceaa vrere .’mveatigatedx The *
quantity of .butane used in the- preliminary and final (column). treating, the butame
ratio in preliminary and colum’ treating, the 80 volume used in the colum and
the S0y ratio in preliminary and column 'breating. Thse following observations
wero mades B '

.- \th diesel 011 y:lelda up to 40% by volume, the: aeparation between
-raffinate and extraoct could dbe .easily seen. ~Tho exporiments,- consequently, pro= -
.0eded.smoothly.and-only. small.differences-in.dengity..and.anilins point. WOre_——-
obgerved in the products withdrawn hourly. It did not make any difference -
whether the mixture coming from tha preliminary refining: stop was imtroduced
into the raffinate or extract layer in the colum. At higher yields no strati-
floation could be observed in the sight glass of the columm whioh resulted. m '
.oarry-over of extract in the -outgoing raffinate —-Thia reaulted in larger fluo-'
tuationa :ln the propareiee of the amples. T S : : S

tutanp and

N he re ationv of the. quani ity of o deg ree rerining ia/
‘glvep in T bles 4 end 5. The. quau the raffinate is lowored proporbionalk
‘to-the inorease In-yleld. 1If is a&v&mtag‘ ous tp use -larger: perJentage“ of bu~ .

tane' in tho oolwim becduse experiments’ with tha‘ same total amount "“’of ‘butane, but
with varia\ dons in the ratio of tutene” uged in Prelimlnary to ‘buteme: used in- -
_ ning. indloate tint higher yielde e bo 01 tainsd by uging & kﬂgher

tho.cotmmy | e :

: oreu{% B
ffqot



i tion- ’bstﬁaen raft‘innte and’ extraot ﬁoan be aaen, whioh
. mnkas 1A dirricult to oontrol the prqceaa.

- By ueing 803 1in the prelimlnary treaunenb theae du‘ﬁoulﬁies oan be
'avoided and"the" soparating sone; bocomes more dintinot whsn the' 803 uged’ in’ the
preliminary treat is greater. - Yields up to 56% by volum oan: to obtained by "
uaing 865~ 40% SOg in the.. pra].iminar; rofining step without. oauaing the.separ- . .
ating: ine’ to’ dleappear. Acom'ding to tha: exper:lmantal results, the best
operating- praotice consiste. in. using "8655- by-volumia of - S0y for dewaxing and using
the entire quantity of 80g- 1n the filtrate for preliminary -refining,

he‘ﬂquantitieu of- aolvent to be used in the refining proceas are
limited. When 37% 805 is used for preliminary treating tho:least possible total
amount. of 80, is 75%. When less §0 is used, no separation in the colum takes
placo. This minimum quantity of S0y, howsver, determines. the butane volume to

-be -used,--Therefore ;- the-amount - of -butane ‘required- for-optimm-reaults-is-200-~:
2607, The ttane oonoentra,tion has not only a lower but also an upper limit, -
If, at an averago throughput.of 1 gallon of oil per hour, more than 176% by
volume of butane is uged.for treating in the oolum, no clear soparation between-
raffinate and extract oan ‘be obteined.

On the basis of thease findings, it was poeaible to ‘obtain ‘diesel oils
with the follm:lng y:lelds: .

. An 01l of a ceteno numbsr of 52 - 55 could be obtained vwith a yleld
of 36 - 387 by woight (baged on the feed), an oil with a cetene mumber of 48
‘vms obtainod with a yileld of 41,., ‘and. an ‘oil with o cetene. rumber of 40 ~ 42 wag
‘obtained with a 'yield of 46 - 49%. The oils had a light ooldr:after. oonmoting
with 2% olay, they had a good-odor-and a cloud point below =49F, ' By the eddi-
tion of a- pour-point depressant (Paraflow), a minimm of 50 of the distillate ..
.obtained. from_the_paraffin wax. previouely -geparated. -oould-be —inoorporatad An-o
‘the finished o0ile vithout exceeding a oloud test of ~4°F. For 60% of paraffinio -
distillate it was sufficfont to add.0.1% Paraflow. Tho diesel oil yield vas

- thereby inoreased by- 3% without change in the cetens mimber. By ‘the. -addition-of
“the entire amount of paraffin was geparated, the ‘yield was increased . by about -

"_10% but the oloud tost of this oil with a oetene number of §0 wms only +6489F,

hisx

1cher 1n par fin an the oils
give

used| Vin thee:e,'
highat' yield :

thar e stobk whi
r&mentn would, otv ounly
L "I'he re‘bults *\bi‘ the' ool\m\l oxtraotions vere \nonaidi‘Lmny bette than
thoge obta:lned 1\n oing‘le extmraotiozm experﬂimemta in th labonl'atoryw .
was jabout 16% higher: f«Fr 0ils of equal demsity d aniline point, | Tha , ,
requiroments for 80 are smaller. but for butane greater as compared to labora- .
tor exper‘inantn. ‘The 80, requirements are 76 = 110% by volume, including

*80 Fequ F“i'or dewax ng, rd 200 |~ 2804 by “volume  £pr" butdns (peroenteges
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;fueln

_’ For the caloulauon of the eoonomioa of'; the proceas. the -followlng-oixf
procaeaee viere. oomparedz ' R LR

'1." Dieael oil from aeparatorl produot from ooal hydrocenation
premxediymanhaeqnennhyimggnggon vrlth cata yst 5058.

"2, Dissel oil From b ‘séparator produot frpm ‘tar’ hydrogena—
tion’ prepared by su‘bsequent hydrogenation wlth oatalyat
60684~ .

. 8. Diesel oil from the saparator produot from coal- hydrogena~
tion- prepax'ed by extraotlon with soz-'butane. :

4. biesel oil from the separo.tor produot from tar hydrdgena-
tion propared by extraction with soz-butane. '

6. _Diesel oil obtained by the low=temperature, high-preaaura
“hydrogenation of brovm codl tar at higher” i;emperature .
then_regularily used.

6. Diesel oil obtained by the lowetemperature, high-pressure
}wdrogenation of brovm coal tar at the regular temperature. .

. Far the manufacture of dlegel oil by extraotion a rafflnate yield.of
607 wae. agsumed, together with a solvent requirement for S0p and butane equal
to 1.5 x tho volume of the middle oil to be extracted. ‘Sinco interest was cen-
tored in the maximum vield of diesel oil, cases 1 = 4 wero caloulated ‘not. for
equally high diesel oil production but for tho maximum poaaiblo vield of diesel
‘oil. Thererore, for cases 3 and 4 an additional production of -diesel oil- from
the 802 extraot by hydrogenatlon uaing catalyat 5068 was' assumed. B

_ - Obviously, at a lower produotion oi‘ dlesel oil, its mnui’aoturing coat’
- ?;oould “be" 1 owered-dusto= ehc""credit ob‘&ained fram the ccrreapcndlngly hlgherf—’f—s‘ft
, 'yleld of gaaoline. SR _ - ; , _

- "" - ~The following tabulo.’cion ahmva the produot diatribution assumsd in the
K ,eoonomio caloulationa: ', E ' T e

ol
|
2

42



which: ié“oaluula,ted.‘ fromitha menu aotﬁring oost 1n oase- tha the hydrogenation
middle oils. are completely converted -to gasoline, the prices for. ‘diesel 0ile. ob-
tained by extraotion or by reﬁning through hydrogenation become almoat equal.

considering, the faot that the solvent extraotion of middle ous has
not-been tried out on'a.large soale, especially with respect to corrosion in the
“ease of" ths extraotion with soz ‘of 0ils oontuining; phenoleT théro exiats no ine
centive on the basis of the oxperimsntal results to introduoo the solvent re~
fining ‘process into-the - plant, - oo




Coal middle oil’ (boiling ringe 374 -1617°F. Apr,gravsty 18 s aniline point 5z°v )

extraoted onoe with 126% butane. and 175% soz. R R

API gravity Knnine Point°i‘.

s - sal'ff____, o
22 s : g2 128

0’ - ss  Tss8 1
~58 e .7 B2 - . - 12

bbb et S o i b benres ;. T i S x it EPETRSISAE VRO SRR S ORI SEPY. S

coal middle oil (boting renge 374 - 617°F.. API gravity 19.7, aniline point 54°F )
original ‘semple extracted once with 70% butane end 120% 5023 extraot treated with -
40%- bntane; oombimd raffimtea extracted with 207 soz. | L

'E:traotioﬂ Tempefatura - Rafrinate S L Extract
— . OF . Yield APT gravity . Anilig; Point- = APT gravity

Ca ;7 L .44.1 oo 1 7106

SN N - ¥, SN |- RS 1\ )

'54”[}‘f,*., 39.4 ‘v"f.‘f';154“v'f,-, 86

w0 s om0 as ol oba



- EfPect of Quantity of Solvent on Extraction

" Effect of quantity of utams .

Butano 802 Extraotion Temp. Réurﬁngteg.- - o B
Sxtraotaon tempe APt or ﬁﬁ?“f‘-"-"l\ﬁ#lo“igé??ﬁ&

AL AWl 0 el
~of ol of oil - % bywte | .

- - . Feed 18,7 82
© 100 00 . -40 o B8.8 B8 L n AT

180 - 100 a0 489 . 87 ' . N2

200 100 ~40 874 .. . 30,2 . 104

Effect of quantity of §0p

S U FOUIOH S SV RS PE SRS TS O

\'.

- - - , ‘Peed 1942 68

126 128 - =40 . 46,4 - 3842 126

. 126 160 ~40 43.7 - 342 129
126 176 -40 42.8 9547:8 - 132 -

Effect of total quantity of solvent at oonstant butane-S02 ratio

e e - Feed 1181 66
124.6 . 1278 ~40. S 46,4 88,8 - 126.
D66 - . 71000 . =40 - 448 - 32,8 - 126
127:3 =127 fe—r e e g B e B A =] 80
76 - 0 T8 .~ 814 . 82 . 128




~ Butane oSOy o
% by Yol of oil % by vol. of ofl

ty . Aniline Point

o2
‘w0 ‘100 Cwm
1x40+2280 1x404+2x30 128
124043x2 1x04+352 . 1

% Table 4

R N

~Effeot;of - butans- uaed “for preliminary” refin.’mg on over-all rei‘ining
(c0ad midd].e oil 2) :

Expt. Butane Raffinato ' \ Extract

: Pretr at column Pretrea'i"t!'olunm yield APY Aniline O(Oloud Pour Cetenms

‘h ‘3 #  # %ty wt. Gravity Point lPoim: Point No.  Gravity
of oil ot‘ 011 oﬁ oil of oil op Ol Op B

26 24,6 M6.7  58.7 416 45 8.7 98 -9 e13 ez

18 73.2 1464 38,2 416 Bl 2%6.2 M -0  -29 42 5.4

I T X T O

Table 5

:"*"f'; S o Effeot of' butane used tn column on over-an l'efining . » .
ST S (coal middle on 2) : R

f,-;s'- ".'Qa'r"-

1
s R

00w oms 35.4 41T 495 zs. | "73 =
2 ' '20 ‘ ~-29 542

I R e SRR SR

R I o
28" ;‘! 184 m..a L8_7_95 41.1\5 | 54&.7 2.0 w‘h; e i -ze\

1.1 73.:% . 46, 4 38.2 41"? s:.s 25.
[ |
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