”oiheb tth g0 3 | CaC0, or orginically boLnd ’ime

ite, Cal. A}a - 281Q2mmhmwmwmmmmw;f 

" The balence of Alg0; snd 5105 exiets as AL,05. 23102.2320

Thosa aadumutions are applicable to vater insoludle ‘car-
bonate. ash,  Ho statements sre made roegarding the iron found in
the coal ash, 1t being evidently assumed to exlst as the oxide
or: pgrite. It i3 farther assured, that=st tho ashing—tempes-
“ature (700 - 800°) atlicaies sgffe* hio-other changes than the
ioss of water of hydration. Tke hypothesis therefore-romains
appL1035 %o 10"0* {atermodiate terpe*ature coking. .. - .

Attempts sre hire- madn to evaluate ‘tho. ash analvses in the
light of the a&bove assumpilons, and to calculate some kilnd of
‘factor o the charaeterlzal :ion of the ash. As a result, this
- modulus will indicate this excess or deficiency of Aly05 - 310,

,>'1/vsldckaur 8o ta 393* iss ue 3/4 Jan. 2P IQ*Q pp. 33:—~37;
o |




fte ignition was agsumed to ‘equal- the water
- thi : “80=: e‘e_ed»as ‘the 2 dic

101 . 9*&

_'preaents l A1203‘-':_ WAIQ% :

repreaenta 6 S10p: Q.?_‘._’?_Q_.oé s
94,20

e B 3 T AT 0 A DA ——mﬂ—«»m—mmwmmm«nmmm il
N

In AlPO;,_, 1 2205 r_presents 1 A1203 %g%—g% A1203 "-’72"-‘\1'90'3” R

10 . 101,94
1.Ca0 in anortite represents 1 Alao '—55'23 51203 1. 82 51203

L

31207 -126!&30 Z1.08 (K20¢H30—058H30) -072 Peos‘-j'

-1.82 Ca0 +5102 -224ngo -382 (x20+na.20 - 058!130) -
' . -2.13Ca0 -

Formula for the Hodulus: M - A105 + 3102 - o.Gsxgo' - 1. 90.
- o ‘ (xea+na20)-396030-0.72 1>205
Onl;;r relat!.ve values or this modulus are provisionally uaed

to predict similaf informatlon sbout the nature of ¢oal ash as
from the alkalinity detemined by us by the conventional methoda.

Cao 1n anortite represents 2 %02. 2 x 60.06 810, - 2.14 810
"W‘ 2 2. 2




1/Galculated from aniline equivale s by Lovoll Campbell :

and Boyd, Ind, Eng. Chom., vol 23, p.26. The deterninations -
“weTdmade “inabout 205 solutiony by volums  of “the "corres=—r—=-
- pondiug hydrocarbo':s in s gasoline vith the octane mm’cer of- 55

i
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Analytic&i supervisioﬁ of th :
.Draining of- liquidﬁoxygen.:;~lﬁ».:ﬂ¢;ww;
Maintenance of: regu ar do

“Thae Imdortance of Kydrocarbons 1n the Oneration of the.
‘Air Separation Dcuipment. S :

- RN . N

According to<evparierce, acetylene and other hydrocarbons T

*wwmmwmmww-wafﬁwalvs;s:pres&nt'in*tua"air““nna”bspeciaTIy 1 tHe™ neigfborhocﬁf

v

of large industrial installstions, and are drawn intc the intakes .
of the air separation units.. The boiling points of these compounda
are above those of .oxygen and nitrogen. -They thersfore become i

.enriched in liguid oxyzen during the liquefaction and separation
-of air, The hydrocarbons dissolved in liquid air present a

danger, because, whon the limits of their solubility are éxceeded,

-~ they occasionall sapvrate in the solid form, producing explosion if

centers.’

When the hvdrcca*boﬂ content is nantioned below, tho totel
hydrocarbon conuent, fncliuding the acetylene is meent. In most
cases, acotylene is present in far smeller amounts then the othsr
hydrocsxbons,  Howaver, bessuse of itec tripple bond, acetylene is

; by far the most urstaale nydrocarbcn, ia very raacuive, and mus
“be considerad en explosive of high destructive power, when in tne

. 801id form in the presence of ox¥yzen. -Even small amcunts of

sgatylene depositicns may be the cause of very violent explésiona.
Other hydrocarbons waiy dbe considered less . dangerous, and -are only
dangerous in larger amounts.:_

N




composed : gh temperatures of t_
~acetylene and o*hev -hydrocar ns. .-

hydrocarbons4 »

‘imprévements Mave:! baen 1naroduced 1nto the air sepnration{
equipment > In-eddition; precautions ‘have been trodu
-the operatio which vil’ be discussed belov,

:“A. Constructional Precauttons,

C v

: The two column air separation apparatua using bhn
Linde proceas uses & heat exchaager between the two columms, -
vhich actisias 8 liquefier of nitrogen in the pre-separation . B
i e rmw1m~a»dmsi:m’rta-wmmlras~ammpm'atcr~ or*mygenﬂwthe“* e
= upper ¢oluxm, Thils, so-celled main condenser, is a bundle of ~~ o
- vortlcally arranged small tubes, in-vaich the nitrogen of-the :
prasoparation column-4s condensed, while the oxygen outside the
columns is present in the boiling state, The hydrocarbons -
"entering the unli with the air to be dsconposed become enriched - -
in the licuid oxygen bath in accordanceé with thelr vapor presaure-a‘

Tna hydrocarbon enrichment in this part of the apparatus -
is particularly-dangecrous becauss of the large awmcunts of liquid
oxygen present.» Efforta have therefors been made to avoid the
accumulation of hydrocarbona resulting from the evaparation of -
oxygen, &nd to vithdrawv the oxygen in the liquid state, - In |
addition the denger of separation of solid hydrocarbons,,in
pa"ticular the foruation of acetylens ssterz, is greatest at
the still eoges of the-liguid bath, wvhere the evapor ating oxygen
doasg not ;1rcu1ate ¥hile tho IIQBid oxygen in alil parts of tho
bottom of the con denser is kept in vigcrous axs taticn. e

~

ey




‘uAiJLa"J condenser theio
ﬁtﬁe :

~1gg0 op»ﬁrabed t:m.s =

and remains lmuid 'This liquid continuously rinses the ‘tubes.
“The 1iquid oxvyiea’ is separated from the: ga; in-a: catchpot and

. vonted {romtiize to ':S.zno Thia catechpot 1y ealled the-

. "acetylene separator”, becouse west of the acetyleue (as well.
33 the ot"xaw Ixjjroowaenﬂ b remins in the liquid oxygan tmd 18

s RIS G o R S AN B A TN

: p Bext tliery candea:ev a:i the acetylene

-soparator, whore LHew: 1s an g..coxmulaticn of acetylere znd -
hydrocertong pay beo varmsd up at stated tize Intorvals, evapor -~
asing the :aJaLcs viich 2ay have sccunuliatad. in. spite of tho .
rinsing. Thera 45 no netd of thawing out the whole eir sopar-
aticn inedaliction during this warning tp of the auxtiiery .
condsnser snc the umceotylene separator,  Modern equipment s so

~operated, thal wvhiie the auxilisry condenser is beiug varmed o
a3, the rain part vy 5611l cont;u:m in opcration, by 'v&thd.ravmg‘
tre gooscus cxygen from the ma separator, ﬁurins tho chort:

) ng out (r fov hours &ro ususlily aufficlont

unit is operated In the wey lat bottom
., with a withdroval of gaccous oxrygon.
suscessful in the




epha the directlon.
;- Cape is: taken always Lo :
n fog, or in still weathor pre- '
" $ho hydrocarbon level arg -
ation (inersased éraining of ths :l1iquid;

o ew

: of .
“during normal’ opsrations st bs
L vhenguer possible climinated. - Cacos have, €
2770 the incrsased vacetqume:enriommnt; WBS oans
' ,locqmotive-'orto & sucking. potato-greens fire.. -

e of dcotylone and total
o carbon ars zade in tho liquid oxygen of tho Daln condsuser. ..
e Pt PUTPO26 —~GGLDL s5.aro_vithérawn hourly from tho instéll-

Y-S Roznlar dotorminations

and every tWo ROUDS T

mtiom for the dctormiaation of acetyleny,
s> tho Gotormination of carbon. . - - o
, cioo . dbe contants of aceiylena and hydrocarbons in.
liquid oxygea are usually exprossed 4n mg/5 1. liquid oxygen.
As a rule, the sasbon- content iy meny tizes grester than the
azcunt of carbon in ihe scetylene prosent (e.z., in our Linde-~
Préokl proceas it normslly is 330 - 400 times larger). .

: . - Unisy normal air econditions, determinations from .
our Linds-Préakl equipnent 1ndicate tho pesencs of G.1 - 0.2 g
asetylons and S0 - CC &g carbon in 5 liters of 1iquid oxygon.

Wnen atarting 2 ualt snd during the thawving out of the auxiliary
condenser, 1.0. under oparalting conditiona, during which no
1iquid oxygen 1s Tews7ed, thers 1s norsally an increa’o 1n. .

these apodntn, which &1sappRETS of itszlf in & short Gimo. .

SR " Continucus Geterminations were made in installaticns -
4n wvhich no enrichment wea obosrved boyond 0.5 Bz -scetylens snd.




Aliquid_iomfgen i’
ator and- £Ion. tho ‘different

S "‘o do thia
am:inary condenner 19 soeonducted, :
' -oxygen from the adaoini.ng ‘acaetyleno: aopam.to
" the liquid form. “ihde- poparator 1. emptisd i
-dom to a amu z‘asmw ol-tho uquid.' o

R : Raaidues rm:: tm ‘evapomting om'wan, L e

DR loept fastoned to the small tubss of the suxiliary. conﬁ@nser, vil.l e
_ . thus bte rinsed off and. 1ot dowm with tho . liquid.  -The -dcteraination
‘of scotylene in the liquid oxygen in ‘the acotylens geparstor 80~ .
A —— wwtuauywmm»progz‘esnvowmmmm“m acetyliene. content, .. . .
~which 4s goxme 50 times grcater thon in tae valuog found for the. o
° mein ecompressor, To & certsin extent, the rin 1ng of the eom~ .- - ‘,

denser tu: os eccompli.,hes 1tn purpose. :

o

' _ *Vhen f'aﬂplas are vitndrmm for tha é,etermination ot
acetylens snd of cirben, thé actusl gexpling 16 dons efter o
. £lushing tho outlets each timg with 5 to 10 liters. of liquid oxygen. :
'Ip thies vey, hydrocarbons which may oventuslly have deposited v
after the steaming out tho pipe liue vill not eause t.‘:so analy-.

tical resulta to bz in grror,

In sddisicn, liquid cxvgen 1s withdram unger norx&al
operating coenditions f£rom three taps uniforaly distriduted in
the ocuter wall of the principel condenss® shove the funnel shapad -
bottom. & liters sre drainsd thro threc 25 £ 1.6, gounsotions
at the highsst possible rote cvery B howrs to prevent any stagnation
- of the oxygen which is to be evaparatad at . tha bo‘ato:a of ko
.. main condenser. - ‘

Fou . —




e. int | for "rapld ation”; a large amoul
sphessure ; 'and,-led-'1nto_-}th3i,.e‘vaporator;;adjo
oxygen pipe: line.. This' connection permlts an. inst

- ¥Withdrawal of ‘several 100 liters of llguid oxygen

“Lccording to experience, > .of 811
utions continuvously used in operation, & certain acc

of’ acetylene mnd hydrocsrbon residues can not te svoided in

different perts of the unit, especially inside the auxiliax
condenser-tubes, - For these reasons; -the auxiliary.- condonso
wvarmed up ‘or- tho whole unit is thaved out after a definite

" period’ of ‘operation, ~In the auxiliary condeonsers the time

. the older Linde units with counter-curront heat exchangers., ..

" interval betwean two successive thawings-cut is 40 days, while
“the interval betweon the thaving-out of. .thg,,mg;n ‘apparatus by

© total shut-doxn 1s 200 - 250 days. .

S LLL e SULLE S S O L Lths.Precautlonaly. HoSaUTOS uicimmrmimmie

. Four ‘exploslons have occurred betwcen 1927 and 1935 .in our -

air. separation instailation, which &t that timo consisted of -

All the explosions happensd in apparstus in vhich the total :

 oxygen was evaperated In the maln condensers with fist bottoms,
with no appreciadble amount of oxygen withdrawals in the liquid

- state, ' They were the resson for the introductlon of the above :

. .described constructional changes and operational safety msasures. .

.- As & result, no explosions have happened since 1933. The -
installation mentioned, with the changez introduced, was sti1l .
in operation-up to 1938. In addition, ciuce 1933 a nev install™
ation on the Iinde-Prinkl principle has been in troudble free .

operation, . In this; the air is cooled in reversible-hest ex-
changers, and the expsrience vith ths old Linde installation vas

. freely-used-in.-ths. salely '.features of 4ts.constructien. . .o o

~ .

s e




the ‘averuge sesiyl
-acétyleng and 10U
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‘ i eéxchange oz!"experience on gafevy’ measur
e.xpl sIons in aix- separation inatalla.tiona:is advinal?le

and hydrocarbon exolcsiovs
the fouowlng questions .

E I!‘ 80, e.) \-Khat ‘pz'eportion of the .totel oxy

:!.., vinhdram from tho main condenser?
T

b) Is the av.xiliar-y condenser operntcd 1n 2 vay t.o have SN
“some of “the-liquid oxygen (vhat propoﬂ.ion?) colle toin
the acetylene neparator? o

o .', “Op, finally, ‘is the e.muary eeparator opers.ted. drv :
, i+ and -from time to timw rinseci with liquid by, incresaing
the p?‘essure" _ L S

2) Do you have cuantita.,ive determinntions ‘made for acetylene e
' and h:nirocarbons at your air separation plant? -

i so, vhat 18 the ecetpene a.nd'total carbon content in
tho liquid oxymen of Jyour main condcn. erg, snd in the
acetylene zeponrator, . , Y ,

@) _Under norusl operating cornditions?

b) At occasional enrichment?

3) -Do you determine occasionallyw regular'ly the acetylens o ',
- total carpon content-in-the intake -air or-in the gaseous
oxygen toiling off fronm the .separation un..t- SEARERE




i observed in your air separation equipments an
’1on of o:c des or’nitrogen? g

accumulations been - obsarved? e
. .b

) vhst oxldes of nitrogen _

o In. conclus...on, we vish ror an opinion to wba.t a“tent tho
precautions instroduced in leuns have contributed to the . -
prevention oL exploaions,. and vhat additiona.l safety measurea
should be J.ntroduced? REREES : v -

R TAA EORR G. Farbenf.ndustrie Ak*iengeseliac

: ‘l‘wo illagible | sigoatures,




: _:2) Norma.l y on ualimtiv d ermination 0
.. made, Tollowing Linde!s ‘directions, with: emmoniacal s
nitrate; we get there & slight depos Lt black because;
gilver: sulfide. - We have-made a-quan 18
= yagsult of your 1nquiry, and found thet.the‘amount: of: a.cetylene
-+ H;5fn 10 liters of liquid oxygoen was 1.0k mg, of which HpS
wvas“only present in . traces, while: the a.moun'c of hxdrocarbona was
52 0 mls, with the C value of 3eTn ‘ , _

,,3). Alr. 15 taken in through 2 parallel pip : a'bo.xt 800 m
. mmmmmwsoum BLAC e it b sttt

‘l}».). ‘No amlyses were made cf the mtalce e.ir.ﬁ R .'

5). ' The installaticn operates 3 - 6 months;- the auxiliary con=
dsnsers and the acatylene separators are the ved-cut after dis~
: cgnnecting i‘rom the condenser after asbout 2 - 3 ‘months of opers-'

6). He have had no- explosions. : »
7). To oxides of nlt"cgen have been o‘bserved.

‘We have o’oserved during the thawing out of the auxiliary
conden.ser gn enrichment in hydrogen sulfide(by the strong cdor). ey
It may be doubtful vhother the periodic thawling-out "of the
‘auxiliary condenser before any loss. in. its efficiency 1s pecessary..
We consider other precautions being toco fer fetched for Intzkendorf. '

) hope to have been of service to you with our :Lnfomtion. :

Wintersha.ll Aktienges ells chaft
Iutzkendorf Werks :

—
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talyst. B 11

compoged more. than 50%.
011 was rTeduced very little an 1 :
 heavy o1 ed 8.3 to abb.: ‘of ‘new. pn
U aucta 1o 326°C was _ ‘ 6% of -1
w~formatlon-+-gasificatlion.:
.. decomposed almost as much

. - middle_oil yleld was only a

. By recycling the. centrifuge oil topped at 325°C,

LeTeCo of the centrifuge residue, and a fresh feed thruput of .-
. . 0.3 unaer d¢therwise equal. conditlons as sbove,  the asphalts
'-;m%ﬁmmgmrene@comple&elamnecompoaed&mwhile;puxaﬂppalgﬁacomnqaij1pn;mne
: formation -3259C and gasiflcation were about .the same as Wil Co L
& strail_ht run, The asphalt-*8pileyel" in: the heavy oil was about . -
.- 10%. - The quantity of liquid phase gasoline, at about 10% of :
. gasoline « middle oll, was. less than with Scholven liquid phase
-catchpot-product.  The gasoline was richer in aromatics than - . -
" Scholven 11q. ph. gasoline, including light ‘ends 45%/%t, aromatics.’
‘The’ middle 0il, .with only 1,.6% phenols and aniline point =43, o
was avpreclably poorer in phenols and Hz than Scholven:lique- .
faction middle oil. .The catchpot heavy oll (recycled), obtalned: . . -
"at a relatively low catchpot temperature (21 mV = 4089C),“furnishes - -
a good fuel oil with relatively low viﬁgoslty.‘ T e

. ¥With both oporating metiods the quantity of letdown %o be
processed ras reduced to little more than half of the origlnal
letdown . (a% equal sgollds‘content) by the ‘€00 atm-processing,.

because roughly 60% of the oryanlc golids present are further. dee. - .
COMPOBOR. o e i i e T

. To avoid trouble in preheating, the letdown had %o be -
tilnned by recycling or the addition of pasting oil, When hydro-
genating this letdown to,other with considerable quantltles of
coal and 600 atm pasting oil no 4irfflculties _need, therefore, be
expe cted. o A ’ '




entr:l.fuc,e regldue o
i (free: of. solida)’
L Toco ol :
Pasting oil: (free or eollda)j
C toh ot middle oil " U

: — e

L0 LeTeCal 011
. “Letdown S
. "Pasting 0il . B
- Centrifuge Res.tdue
. 0%, - :
Centrlrug,e 011 -
Catchpot Heavy 011
-.Catchpotlm&dla
: ci
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e e i " e ore L x*nhmummmm B e

)

1 Solution Le Sp.Gr.zo.‘{s-o 76
R — 'q_'r_T 23, 2'§rts/w 7011 vitn 0.45- Asph.,
70 D anm.mzcv :

%’ Solution Ll S‘D.GI‘...VO 845

f r?‘e ———— -~

= 68 Party/¥t. 0117 with 3 I%Asph. (o 2% Solids)




-analyses of the
'3% of pasting oil)

Extracted 'by 'be ol: 15 (
011 or-40 g total residue) 5 of whi
(high ash due topoor. filtration)

-.Wmu_mamvmgmumam mmm
and t. Gaaolines. Al _

T 'i'he p!‘ooess 15 a:lmilar to Schcme I, axcept that the stoo’k 13 .
';21 first precipitated with 200 parts/wt. of gasolihe 90-180°C .

(dehydrogonation fraction of the Brabag prehydrogenation ga.aolina)f

. and the 0il solution containing gescline s0 obtalnad was drawn
off after decantation and then further proceaaed vith light
gasollne according to Soheme I. ,

A vary smn test m run e L D
Inputs 25 g pasting 011 50 gascl. 90-180°, .
... . 60g light gasoline-go"c v o

Output: _‘1.1, 585 ot 2328 ssphalt,

" motel 15 9 3 011 @ 2 8% aaphalt .
o 0-g ar reaiduo

.Total 24.9 g .




The vith heptane
‘elevated ‘pressures is.
(6434 or 5058 gasoline).

.Conglusion: According to Dr. Jickh, th""lctdown 1s
Tree of ash when adding -2.0 parts/wt '
rosidue 18- remove

: : ‘Acccrdins ~to.L8ckor the riltrate is ~mixed: with' pulverizged,
ash- free. ooke; possibly additional gasoline added,.cooled,.

. stirrbéd and, 1f 'ooseible, f1ltered directly or after fiz'st" ”s
process Scheme I. SRR

4 THe ash-free filter’ residue produced (co o and asphalt e
‘18 freed of gasoline and forms the rav materisl for elsctrods -
cgke/mThe deasyhalted,mash—rrea oil,«.is,w,used .‘s."or. ~




er dc :
r, never higheril) and the item "Unverifiable 1
then correspondingly low PR, ‘ ‘ -G
C-Tosses by circulating gas. leaks,~since the methane -and .-
:CO-content” of 'the:chemically boun
are deducted ,

' __‘estimate P

. The PBlita C-ba.lancea give a’ lover C-deﬁ.cit than the N
. : attached ‘balances,.  This difference is: partly xylained by & :
-mmmwAm»«w»wmvhatw1s»said~above—«aboub~commiwand*ﬂmes Trand “psrtlrr’" st
: bg the }oyer yields from the added heavy oils established by o
"~ P811tz-

_The low Hg content of the liquefaction in February de-
serves particular attention the low chemically bound H -
is proportional to- 1.t ‘ S

-

(1) = For the este.blished conversion a C content of the

‘ hy-residue of over 100% 1s calculated from the. . =
P411tz analyses. . Obviously, the conversion must
" be lower or the analyses are in error. .

(2) --The heavy oll addition is calculated from the 1nput“
— and output. These heavy.olils conslst of bit. coal
- taxr olls, ‘gas producer tar, petrol, catchpot heavy
" 0ll and letdown distillate, together vwith coal catch-
~pot heavy-oil: 12.5% heavy oil from outgide ollg ~ == wimwm
- snd 8T7. 5% heavy oil from the coal catchpot : o
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n.-a bituminous coal hydrogenat*on Dl
‘t/ann.: suto ‘pgosoline 1s- 125 000 t/ann
are prbduced‘uith it .

“besides about: 125 000 t/amnn. auto gasoline and 200,009 t/hnn “fuel
“o1l7san-be” nroduced "due’tortheincrezsed: qunntity o¥“I1quid phase
gasoline, ﬂhen aviation gasoline 13- roduced 2 -dbove dieselu

| i_ oil quantity drops o about 55 000 t

i . II. In tlia proauction of diesel oilJtae quality of the g

..gasolines produced with it detoriorates in proportion to. the diesel

- 01 guantity (octane nuzher of the: aviation:zascline estimated about e
mm«WwwummeI M.ny»octanomnudbevmofnthe‘auto-gnaoline~55-60)wmmm«mw«mmwwwmmwmmwmwam«*

III.. ‘The 6&3& vapor phnae is partially or enuiroly down. -  '

— IV.\—The diesel oil preduced has an -ntane number of 35 to
&O (thipned or concentrated prehydrogonation catal"st).:;;-

-~ The pour point of the diesel oil is very lov, ﬁelcﬂ-35° c
thoughrits viscosity at 1.,08° 3/200 G is also low. :

V. If diesel oil is to be nroduced in’ a bituminous coal
hydrogcnation plant,.ve must provide-

a.). separate proauct distillaticn for. 5058 and 6&3#. .
:b.) the 5058 c.p.p. distillation column must be so 1laid out~
‘ o that & ligh% gasoline -120° C, an intermediate fraction
126-1%°D and middle 01151800 ’C.can be. out.out,

c.) 1ye and»water.vash for the'diesel oil.




... For case b.), fuel oil, .the following approximate productich
copossibilities exigte | U Tt T e e e e

 Auto gasoline 200,000
‘Aviat.gasol. O.H. 87 |

" ‘Diesel 011 . - L

. Fuel Ol .- . 200,000 | £260,000}200,000 200,000

Total Production i | 388,000

185,000 L :'1§h,opo,
' ) 78,000 .| - 54,000

- As may be seen from Table 1, in the producticn of auto gesoline = -

and dlesel olil the saturaticn gasoline s tzken out as auto gssoline,’

the gasoline is not quite up to standard ("siedegerecht,"-toc litcule

lovw boiling constituents), and the middls oil boiling-above the -

gesoline is taken out as dIi¢sel oll (maximm dlesel oil quantity).

The 6434 stalls are idle in this case. If a part of ithe diesel oil .
38 run over 6434, the quantity and quality of auto - gasoline-can be- .-
correspendingly improved. . L e e




stalls zre eoither partially or
middle oil 1sitakeniocutias

: : prehydrog ,,
. of. bi tuminous coal. liquefaction middle 01l have:a:cetane numbi
about 35. In saturating vith catalyst 5058 &' .cetane’ numbez-
"40 may ‘be obtained.  The bituminous coal-diesel oils hav

1% pour point, -35°C though t.he viscosity
1s someuhat low S - SR
- . Furthermore, 1t may 'be necessary to prov .de?~d-'lyé e.nd water -/
- wash for such: dieael oil produced 1n 8 bituminous coal hydrogenation
plant. :
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suction side,

Wolheim heating gas
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‘ + 7 The. attached dataz elso include & repori ~Schol
" experiences in operating with coal paste additions.. ' To the
_comparison of Coal 8tall I.(quedruple converter system)
with coal paste addition i1th Coal Stall III (triple _
- system); operated without coal paste additions, mey be observed,
" that the burden on both stalls, besed on resction space, 1s the
" same. ~ Naturally, the calculution of the conversion maey not:be
“overly accurate, because\errors’ can.esslily occur -in the recal-
-+ gulation. of not neutralized:-to-alkalinic cperation...-However,..
.:investigation of the pyridinc -CSs-Ingclubleés”in the letdown.
- indicates that the quslity of the letdown wvhen operating with coa
. paste additions is superior to that obteined. with normel operation,. . -

Ludﬁigshéfen,‘lB NoveﬁﬁerQJQ#

COAL PASTE. AID TE HEAT EXCEANGE

"To heat 1 kg paste, equal to 0.3200 kg pure coal, from: 100 C .
. to reaction temperature of abtb. 4259, requires a heat imput of -
1.0 X 0.55 x 325 = 180 keal. = -~ - - - R

. - on the other hand, the heé@Aof‘reéctibn]libernteé é.héat
equivalent to 0.4 x 0.92 x 446 - 160 kcal, if we assume that the
injected cold Paste is converted to the same degree as the normally

. “inJected paste {92%), and, therefore, also. with the ssms heat of ™
. reaction, (410 kcal/kg decompoged pure coal). ‘ -
- Thedefore, 1 kg gold paate saves only the cold gas equivalent
of 20 keal, or 0.16 »’/kg paste - 16 =2/t paste. ' S
~ In-other words: _ L T TR e
T A stall into which additicnal cold paste is injected, requires
: o ag much cold gas &5 before cold paste injection with equal - thruput
-~ - thru the preheater R S SR :

|




L tempsrat

A o e e S

. CC D ‘
‘ ; ng-the temperzture of .the converter in
_;unfavor,blyfinrluen',ng1the,flowpconditions;:itgis
retically possible to-in oot cold paste in whatever '
8. d Of ‘cour: o cold paste would have to ‘be
ntites in- many DPlaces, ‘though within a limit
malntain: the neces residence time,

k0o.Dr. Urban, cold.paste.injected. chol1

_be best just before the sscond converter, This..

co ditiona‘in_Cdnﬁerter,IIfsimiiar‘to)thoséﬂin-Canerter
. U raturn flow along the converter wall railszes the colder -
--mixture4temperaturefto]the;reaction\temperatung%;;w1th-this opera
ting method the'cold paste injection is limited by the mixture
‘ _uré_produced,rvhichﬁmust:never'ba3belov”the‘1h1et,temp
vatureﬂin;ConverterlI-(elemant.44).3,Attached Table I shows the o -
-~ calculated mex, possible dally injection of cold pasts into Conver-
e IIvar:tholven,-Nord§tern, Stettin end Uppor Silesla, for =

~2 mixture temperatures: ot Ul ro T ATTTC e
: ~a; Asoqc;ﬁcorresponding,to 23,5 mv /400 olement temp, -

4302C,.. corresponding . £0.22.3.uV/40% o lement - terp.

.~ Both temperatures are produced by nizing the contents of
Converter I @ 4769C-25.0 mV-with cold psste @ 100°C. ¥hat the .
actually permissidblo mixture temperature will be-g¢an be detormined
only in each individual case, . o S o . v

'As shown inxthevtabie'for Stettin and Upper Silesia the cold

injection can be made in addition.to paste heat exchange,  Thick
paste, which does not pass thru the heat exchanger in any csase,
is' best suited for cold paste injection. ' N

s

Only by the combihation of bdth”bperating'meiﬁcds,'heat exchenge

‘and cold paste. injection, is 1t likely that the condition of auto-
pherma;“operatiqn will be_practicallyvattainadl_ - - _

. __:In Upper 51iesia, with a thrupud of:
- “39.2't/h‘tﬁin paste

29.0 éﬁrthich paste, and
19000 ~input gas,

thin paste &nd iaput 528 are practically heated to the reaction
<7 - N ‘V !




“injectlon:reduces the’

‘The: heat’ of .reaction:of
;enough‘to heaﬁ ‘the col
ract ally unchan d: b

':coal Btalls as well

PR o
‘contained An-the cold. paste»is
1t ;. sol




utle
Hoat: Valxm va. ¥ \
b Proha.‘ﬁor Loz (709) kcal/h

Az‘.diuoml cold. PM

v taksn fr. tnicl: pam.o -

1 a) Raduction ,' S

" lcaloulated Cold Posto 5 | _

" |Totsl Gl Gas . - m?f 13,5%0 21.530 e 33.:30 3’*.300 39.
g 300 3,600 |77

- |Frokoator Load (70;&) m/n 5,700

. b). Beduct&on .
.{Galoulatad, Cold Pecta /R
Total Cold 6as = o3/h
Preheater Load {70%) keal/h

, 'aa«iieiou’ 218 4c
ﬁ-.'tr( c-wso"o

{1,500

£, h76° -hjo'c '(;5..0 Av-;r 3 m'b
6.2 63 - | 1.3 g.Uy 8.2
13,060 20,950 %2,700130, oco

5,700 7.5uo 8,300 | 10,500 Moo




12.8.t dry coal/h, equal d “proportion of
catch:pot product’ toiletdoy ‘no hariged 'by this additional . =
~-}oad.ii-In the conversion and asphal values alsg, no-deteriorat n-

L dn hydrogenation could be detected, as shown in attached dsta.

“The;advantagesﬁﬁf*thisuOperating;method~appegritoube»¢on51derab1
ldering our. overloaded.preheaters;.because it permits.an-.
eaged coal onsumption.of:sbout 20%. .. . .. .
."»‘,_5Thisjéxﬁariméﬁt"vgéhfﬁngforfbﬁiyiaboutf2f§eék )
-ﬂ'probablegchlorinejcbgros;onsfqtﬁtheim;xtqre-point 1n; > T
-4 S In' the mesntime we huve madé a’ further cxperiment in injscting
s ditional_cdalupaste]intQ>the;upper-part;ot‘Gonverter‘Itor our .
— -Coal Stall -II, also & quadruple system, ' The paste was injected
.- thru a s8mpling connection abt. 0.5 m below the co er, vhere ve:
:Enormally_add”some.coldbgas'already. T ke e e

‘We made the following obsorval

TTTTTTALL thermoe lemonts, i from op, at first dropped
1-2 oV when abt. 2 tons of paste was added. Eventually even o
the bottom Converter Element 1 dropped from 2% mV to 22.5 nVv, o
although the Preheater Element 4% baefore the. converter rose fron

- 21 mV to 22 mV, vhen the quantity of paste vas—reduced from 25 t

o 22423 t. - This procedure was repoated several times with the -

same Peosult, : o . el - : : e :

1

_Vg‘d:aé the folldving conclusidns"from_thase observations:

.- our former belief that a strong dowawvard flow of hot paste
(R8rting effect of-the fresh ceal paste) along the converter wall,
along which the thermo-wells are also located, occurred-in our -
converters, was at last verified.  In normal continuous operations
("Beharrungszusiand™-condition of equilibrium) when the psste is

. heated in the preheater to abst, 21 mV, the paste temperature is
probably first increased to abt. 22.5 - 23 nV by its zmixture with




R The Hynrogenation Division has made xperiments

cold paste, ‘instead ‘of cold gas, directly into the coa Nconverte

“-by-passing the preheater, and has been able to increase . this Sl
' quantity to 3 t/h ERTA P " O

The 1etdown of Stall I 1n question vas compared with the
1etdown from the normally operating Stall III in"the laboratory, .’
vith results as shown in Table II. In comparing the figures, -
1t must be considered that Stall I operates with after-neutra- ’
lization, 'Stall III doeg not.' Consequently, the ssh introduced
with the sods must be-deducted from the solids fnd ash content
‘of 'Stall III, To 11.5:t of coal, 1.5% or 0.172 t of soda are S
introduced, vhich forms 0.190 t. haCI. ~The. coal-contains 4%
~wwmm~»www0 T t~of~ash-w8y the—addition~of“soda~*t -~ sen- inwsta11“ITI*wwwwwwwm

: , to 0.450 + 0.190 = 0.64 ¢t. It can be calculated from the anslysis
i-—that 8.3 ¢ letdown with O .6k t or 7.7% ash has been produced, If
the stall had been oporated without scds additions to the paste,
the ash would have dropped to 0.45 t or 5.4% and the solids to-
2.1} - 0,19 = 1.62 t or 23.2% solids. vith 23.4% ash. Actually,
the data on the analys 1s of Stall I show approxinately tHe" same
valueo at 23.3% solids and 25,.8% ash in the solids.

o This means that conversion goes practically just as far
’ \hen 1njecuing cold paSue ag whsn op rating normally.

The aaphalts produved wvere then further examined, " If the . -
igures in Teble II are recalculated for ash-free substance, we
get- -7 ' o L .




The. Hydrogenation.Division-has made-expe
; paste, - instead of cold gas, directly into
..~ by~-passing the preheater, end has been ab
“letdewn of S8%all I in question was compared with the ' -
tdown from. the normalYy ‘opeirating Sisll ITI in tho laboratory,
vith results as shown in Table II.  In comparing the figures, .
«o it musi be considered that Stall I.operates with after-neutra- .
.. lization, Stall III does not! - Consequsntly, tho ash introduced -
Louoos; with the sode must be deducted-from the solids and ash content - 0 oo L
3 - of Stall III, To 11.5 't of coal, 1.5% or 0.172 t of soda are R
PRSI " introduced, vhich forms 0.190 t HaCl,  The coal contains 4% or . -
i mmimmisnrini O 4 50 8- O L~ B8N - BY - tiO-aAG1 L L 010 ~goda~it-prises-in-Staxll-IIT~
L to 0.450 + 0,190 - 0.6% &, It can be calculated from the analysis'
that 8.3 t letdown with 0.6% t or 7.7% ash has baen produced, If . -
the stall had: been operated without .soda additions to ths paste,
" the:ash would have dropped to 0.45 t or 5.4% and the 30lids to
2.11 - 0,19 = 1.92 ¢ o 23.2% sollds with 23.4% ash. Actually,
the dats on the analysis of Stall I, show approximately the ssme
values at 23.3% s0lids and 25.8% ash ia the solids, . .

’ This means that cbnveréion goes practically Jjust as far .
vhen injecting cold paste as wvhen operating normally. -

°  The-asphalts produced were then further exaumined, - If the
figures in Teble II are recalculated for ash-fres substance, we
get: - - ' - S .




- Total‘:‘{lco.oﬁ -

- Accordingly, the letdown obtained with cold’ paste 1njection T
~conbalns. mnrewnsutn&lﬂoilsmandwls.amabsolntely 1naoluhlswsolidsmwmmwwmmm
thau the normal letdown..

. Both experiments, thorefore, indicate tha: conxersion 1s
at least 'no worge with cold paste injecticn than with the normal .
operating method. .
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temperature. ie permitted in the: convert}e:és tha.n withoul
aste:: njection. well as: in.G elsen‘berg,
i corded a highe tempe ture vhen cold pe.s

25.2;3\{

fr 2“.1 to 25 3, : ‘
rising. : : ,' : 25 3 mv

»» ’;Unifcm @"25-1-~ - -w'~25 B i e
Uniforn '@ 2?: 8. | 289 mV - 24.3 oV

Catchpot inlet, 22 mV . :
Product at hot cat: hpot outlet 21.4 - 21.6 mv
~ Letdowm " " , 20 v




o e ML -011: 1n oil,yield abt
“@Gasification, . .-
. Solids in pasting oil

T Asphelttlo .
‘ Asphalt L t heavy oil

ThE asph,I dteadit?”fiom‘
8 to 105 1ln De cerer ‘due to uhe increasad thruput.: It, therefore
remains to be secen, vhat asphalt proportion (Asphaltspiegel)
will be obtalned:-and’'whother the reoidue can be. proceased
7 without difficulty. - : . :

' - The converter opera«o*s liae the .cold paste injection. It
‘is no more difficult to operate, in splte of the higher temporature.
In fact, it is ea~1e¢ to op¢rate because of the large -amount

of letdovn. o R

R

Sutmary .

The thruput of a quadraple stall can be lncreasod from 14 to .
16.5 t/h pure cocal by cold paste addition. That i3 18%., Gelsen-
berg, as a whole, increases its coal processing 15 t by additional . -
" eoel paate iniecuion, vhich 1s vhe eqnivalenu of saving an entire C
TGO aum. -coal stall. . .. o .
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consisting £dks and;
were carried ut for the:fol vwing purposes

‘paste to the aterting temperature of. the
with .an. economically permissibl‘

To study&thefchemi

“ the paste 1= heated suddenly-from’ the lowerv
“to the reaction temperature.,- T :
S 4 - Po study the behavior of coal pas te of normal con-“
;.centration in the. pagte heat exchanger (sepsrator product

against oxit ges) vhen the paste containing a small quantity

. of gas flows inside the tubes, to study the heat: transfer :
....obtainadle-in. this. .case.and. ko . deternine., themﬂall,tcmperatures
- in the tubes and the heat transfor for tha preheater tubes :

" fop heat*ne end mixing gas to about 914%F, (420 c) A

It vas Lnteuded to preheat the coal paste with a small :
quantity of paste gas in-a heat exchanger and tubular preheater.,,
- The starting tewperatuve for tie reaction. was to be reached :
* by the addition of 2 larger smount of process gas in the mixing
tubes ahead of ths first eactor without additional hoating.-

Thc tests were carried out as follovs. w 7'~ -

The coal chambe vas heated as usual us ;ng 1, 3&0 000 cu. ft /ar,
‘of preheatzd fresh gas and 353,140 cubic ft. /hour of heat :
- ‘exchanged paste gas. The amount of paste gas was increased
. during the starding period %o control the heat exchanger
 temperature.,  On changinﬁ ove>» to coal paste and decreasing .-
the amount of paste gas to 141,200 cu.ft./hour the amount of
"0311 injected eould cnly te-cut "Yack to 11 tons /hour Pecause ‘
further decrease lovered the heat. eachanger out’et temperature'




'*o raise ‘the 'quantity of:
: ' uantity of feed to the react
: o The. feed: of . gaste gas ‘o the:hea
, xchangerA 8s: finally reised again from 1 ./h
'to 353,140 cu.ft, /hour in order to ‘inerease the £l
" end the space velocity in the heat oxchanger tubes.

. gadition of oll could be reduced from 11.0 tons/hour %o 6.

'tons/hour &and, uhe thruput of-paute~was increased from 27. 8
& ‘ ossible
“to maintain thiﬂ thruput Tate' :
{variations in heatinc velus, difficulties with the pasto
}process) _~ This is dus to uhQ fact that even slight- ‘Variations
‘dn’the opereiing conditions which revu1tad ‘in a decrease:in
he_yield of separator’ product ‘caused a decrease in’ ‘the
~efficiency - of - the recctors because of-insufficient -heat ..
. availedble for trensfer in the heat exchangers,  the. ‘reaction
1,then had to be started again, vhich was somewhat difficult

‘ The following conclu ions can be dravn from the results f
:of the test runa.-/' - , .
. ~”he coal chamoe ednippe
ted satisfactor ily.

.~ - 2. In spite of the large amount of gas (2,300 000 cu. ft hr )
the resctor started as usual, The temperature in tbe first
reactor ross from 25.2 - 23.4 ¥V {probadly iron constantan -
thermocouple) to 25 mV. ZIater on it wes found advisable to,
allow the tcmpe ature in the first *eactoq}to rise only to-
about 24.3 x©V in order to have sufficient ‘cold gas for the
- eontrol of the separator eoxit temperature which had to be

kept at-23.5 mV bacause of the low efficiency of the hest
éxchanger. The heat of reacticn in the first reactor was -
.about 16%4-180 B.t.u./if. of cgal and 1lies within the limits
found for other coal chazders (149-168 B.t.u./lly. of éoal).
This proves that coal pa§.e can te heated with a resasonabdble
. quantity of gas (akout %8,0007cq.ft./ton of coal paste) of & ~
temperature of 680 7 to a tempn*eture sufficient to start the
reacticn and it is fuwrther proved that starting 1s not d fferen‘
from that.of ths c*nvnnt*cnqlly cperated units,: -

-




: olow: the n : ] v
lerge amount of heavy oll vecycled. It wes found that the
zperimental operation resulted in better efficiency of th
entrifuge operatiocn,. the percentags of solid matter increase
to 38% in the rosidus and decressed to .10% in the oil. This .
ffoct persisted as long as: the experimentel operations ilast
During this timeo 1t was possible without special effort to-
‘reduce the solid matter in the pasting oil from 10,6 to 10.0%
V,Noﬁchangcfwas'foundfinjthﬁ-hgﬁrqgen“consumption;Q Cas.
“production amounted.to 22% and was lover than usual. It~
e--conoiuded-thet the-sudden-heating-of coal-peste to-the -
_vtarting‘temperatura{has'ndﬁdetrimental‘effect.on_the processing
properties of the products. - It is not sntirely clear if . the =0
. dnereased efficiency of the centrifuging operation is. due.to .. =
;- the design of the preheater or separator or due to the temporary
. shut-down of the nelghboring chamber vhich normally slso feeds . .
~-into the centrifiges, = = . EE : '

Sk U Although “the proheated coal paste had only a o
temperature of 352°7.  instead of 680%F. 1t was possible to
reach the calculated mixture tcmperature by increasing the
amount of gas added by about 5%. Hixing of paste and pas took
. “place in & tee in such a way that the hot gas passed into the
= paste-thesugh-a-tube-of 270 inYength Trovited Wt NuEs P oy MO TEE

- with s diameter of 0.16 in.  The gas bubdles are sufficiently
 8mall to increase the heal transfer area between paste and gas
and a gpecial length of pipe for mixing is probably unnecessary.

: 5. Tke preheater capacity corresponded to the design

- flgures., 1,940,000 cu.ft./hour of process gas could be heated -

' to 27.0 WV (950%F). The over-all coefficient for the gas
section was found on the average about 20% higher than the
calculated value, The wall temperatures rose on the aversage

_ from G41SF to 964°F. becsuse of the blocking off of a section

~ { for mixing purposes) and the increased hest input {(about
1,800,000 B.t.u./hour) necessitated by the low eificlency of
the heat exchanger. The fire box temperatures changed accord-
‘ingly frea 11018F, {(14.¢ nV)}.. The quantity of heat transferred
(18,160,000 B.t.u. /hour) is sbout 63 higher than calculated.

- The conditions. with Tespect to the coal paste section were even -
more f{avorsble, . - e o

6. TFor the design of %ih> heat exchanger previous experieance
vith heat exchangers for coal paste of normal ccncentraiion vas.




be’ reachcd with coal. paste"
of: suelling, a temper ture of 174

. to reach thege conditions in the experin ntal runs.- ~Quite
- unsstisfactory heat transfer results were. obtained with' coal
paste of the ususl: concontration and small .quantities of gas
T ordor t0 Kesp thé unit’ 4noparation™ : Y eltho
. to . drastically reduce the concentration of. soldd ‘the: paste "
.{by the addition of 6.6 tonz/hour of oil) or by ;ncre&sing the "
~ quantity of paste gas to at least 353,140 ‘eu. £t. /hour FEra
.-8pite’ of these measures onl; tempe"atures of.15. 8—16 0 mv (608°F )

~...instoad of -the. 1ntended 16.6 wV. (626°F ) and- £1lm.coefficlents -

s e

of 30.7 instead of 356.8 werc reached. ' The addition of 11.0 ton:
~of oil-ohd 141,200 cu.fty/Hour of gas gave the same film’co- -
efficients and exchanger’exit temperatures as the addition oP o

6.6 tons of oil and, 353,140 cu.ft,/hour of gas.

E ' The—quantity of hast eAchanged amounts to 8; 310 000

B, Q qxfhour corres pondinvwno,93p of the calculated quantity

“onYy about 70% of ‘these wo transferred the coal paste. -
The remainder was used .for heating the ad ional 2.2 tons/hour
of oil and 247,000 cu.ft./hour of gas, which means a useless
erpenditnre of 1,440,000 B.t.u. /hour and & loss of about 7, 7
uOﬂB of. coal paste.

This unfavcraole behavior of tne heat eachanger cannot be
explained by the change to flowing the coal paste inside the
_tubos rather than cutside becazuse no fuhdamental difference .
" exisis for these two methods of operstion as shown by the experi .
éaco of the Pa‘ito plant. The prescnce of only a small quantity
of gas aliso can-have no effect, since. the heat exchanging surfaces ..
are vetted by paste in any case and the heat has to pass through
~this f1iim to enter the bulk of the mixtwre. - In the paste sectlion
of the regular prehenters over-sll coefficlents of 66.3 to 81.8
(calcalaued on internal surface) have been found. Consequently t
~-~the effect of the rato of flov and the distribution of tLe pas%e o
over the total number of tubes has to be clarified s

ae s




“er than ' the gas due. to the buoyancy oft
‘effect 1s not noticed with the: exchanger-

‘test»unit “the resson for its” low: efficiency seems to be in
the distributicn of ‘coal: paste over-the heat’ exchanger tubes
When.operating.the. .exchanger..in.such. a.. way..that.the.. paste.
outside of the tubes-the-entire dismeter of the exchange
1sifilled, . In the ‘case where the.paste flows inside the
-tubes upvards thers is a posoibxlity that the szall: qnanti ¥
‘of ‘dispersed gas rises only in-the center tubes ¥here. it -

. .reduces’ the density of the paste column;’ vheoreas the: outerv

tubes contain only pasto’ or piste with very 1ittle gasi it
‘The difference in density counteracts_tho pressure. dif’erenti
causing flow and reduction’ or stoppage. of flow. results,. vhich;

- means elimination of the efflicionoy of the outer tubes the "

‘concept that the: tubes £1ill uniformly in the case-of upvard
.flow is only velid for the moment of the first 1njection of
oil and cannot be applied to continuou opepration.

nside- the tu ea, difference
in donsity and pressure add, which results 1in equalization
-of flov, and paste without gas can 2lso flov because of its
wveight.  The difficulties vith uniform distribution of the

praste on the uppor exckanger section caused by the high entrafce-

velocity of the paste can be overcome by the installation

of .distributors of the kind used in ecbsorbers and distillauion e

columns,
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39.7T
ons/ho

our' of

j4naste 885 = 33,140 5. t u. to
- Heated from 2120F. to 626°F,

9,550,000 B.t,u. /hour (9,720,

B.t.u, including radiation ldus)

Material hoat exchanged: . 2,540, 000
cu.?T 700Ur 6%X1t gas '+ 23.2. tonv/h¢

separator product # 1.1 tous/hr

‘water = 40,000 B,t.u.
B.t.u. /hour., -

ur

29,600 B.t.u.,
. from. 209°F “to 5909F.; .
/9,610,000 B, t.u./hour

tons/hour of paste + 6,
/hour of o1l v 363,14
~/hour: of paste gas -
“to be heate

(9,640,000,3 t.u, including

" padiation loss),

s to be cooled o
e £1003-8240 - 2 £0- 1816917 2-9;720; 000

‘Over-all: coefficient- 37.8 B.t. u./sq.1 

I our _
2020 sq. .0 0

2)- Preheater

changer surfaces:

a) Gas soction- Parallel flow

tateria
. 7hour ox
" heated froa 1 to 91&
6,600,000 B,t. u./hou¢.

€a ea- 5]

0

cu,

0 B, t u., to bo~:

Mauerial haat exchenged: 5,300 000
o bo ccoled from 1101 F

to 968°F. = 6 660,000 B.t.u,

/houx,

Over-all coefficient: 1. 9 B. t.u /sq £e/

hour

Hax. tube temperature - 951%.

Heating curface: 36,660 sq. £

- 11.3 =V

Material hoat exchenged: =
. Z, 010,000 cu.It./Hour exit

gas +20 9 tons/hour sep-f-»-
_arator produck + 1.1 _gqns/hz'
TorTvater Z 37,600 BYE 6 o
to ‘be cooled from 642 o
2230? = 9,640,000 B.t. u./

'vaer~all coefficient' 30

. .u. 8Q. . our,

”Maﬁerial‘to be heated:

cu.ft,/hour of

g8s ="18,700 B.% .u., to be
 heated.from 634°F to 932°F

7,075,060 B.t.u,

Faterial keat exchangeds
- 6,500,000 ¢u,ft./Hour -

49 500 B.t u., to be:cooled -

from 11199F to. 97597, -

7,130,000 B.t,u,/hour, o

Overall coefficient- 2.23

P N 98 sd ©

Hax, tubg temp- 954 £11.6mV

Eeating surface: 34,500 sq.
r—-—*——.————— .




~B.t.u. at 914°F

ountercurrent L1

) . i
MaterIaI Eo Yo -heate

ons our of paste ‘A~

%o be heated from: 626°F“‘

’250 000 B.t.u, /hour.’

i P it
‘Matorial heat exchan ed: 5,300, 000,.m
S GUu.ft./nour recone %eatinv as -
. %9,600 B.t.u., to be cooled from. 817 F
‘to 790°F - 1,350, 000 cu.ft, [n

~ Oyer-all  oerf1cient- 1.31°B. £ u./éq L, 8-
HROUYY, i !

.Heating'sur*ace- 1& 000 sq. rt

et e ATl R

3)  Mixing temperature temperature

'v‘-'r«nwv s e Y o

GEET“I‘E"b‘ﬁUﬁ'Eﬁ“ft /hour. 17 700
15,640 000 B.t.u,/
hour.

Paste: 23,140 B.t.u., at 680°F
16,000, 000" B.t.u., /hour

Gas-psste mixture: 40, ého B.t.u., &t
779°F. - 30,600,000 B.t.u./hour.

. The mixture tempcratnro is accord ngly
-TT9°FR . ’

Prehoater losses: 371,000 aq.ft. flua |

" gas of 3000 B.t.u. ) : :
Heating gas rcouirements. 15,300,000

. S.¢.u, /nour. -
43, 300, oeo B.t.u.7hour, about squel as

in normal operation wlthout paste heat
" exchangers, ' R ’

Efficiency of preheater: 655

-~ B.tu
- 690%F. " to 662°F. - 1, 1696,

porimentally-Found:

'Haterial to be heated' 33

ong/hour of paste § 016 tons

oils 353,1#0 cu,ft./
ste gas. = 23,600

to be_heated from

B t u' Lo ’
Naterial heat e#cha ed:
.U, our recyclew

: ga heating gas - 49 500 B
cosierimins £0 - DO €001 €G- from- 811°?~mto~

TT7°F. - 1,710,000 B.t, u./hour

“,0ver~a11wuﬁérr1cient‘ .06

0. /8Q. our .

g Eeating surraca’ 10,70& 8g.ft,

Gas: 1,9%0,000 cu.ft./hour =

_18,700 B.t.u., at 932°F. -

16,830,000 B.t.u. /hour, - .
Pasto: 23,600 B t.u., at 662°F
= 14,850,000 B. twu. four, .
Gas-Paste mixture: 42,300
B.t.u., at77790F. as is 1n

- agreement with the—calculation:’

the heat vas, therefore, trans:

. ferred by mixture with: theor-

etical erficiencz . ,
Precheatex loss: 424,000 sq. rt

lue gas o 00 B, t.u., at’
777°F. - sbout 3,100,000
B.t.u, /hour,

Heat%gg gg equiremeuts-
> .u, /JHour

Efficiency or p"eueater- B3z
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:poinu from below. Gaseous sabs‘an.es, for w&icﬁ tais uemperature

_dmange lies inwpart a

."hus, at 15 c, 002 is liqhafied 'Lnder a presswe of 53 atm., |
jNH} under 7. 3 atm. _Fo“ other gasem,‘such as air, ,oxygen, : S
'nitrogen, hydrogen, the critica‘ tem*e"ature, ‘end therefore the
vhole liquefaction temperature range, .is below rocm tempcratxre{> 
ISuch gases, accorcingly can only be 1liqufied afuer being cooIed' u
&t least to their eritical temperature. A she critical temper-

- ature, tﬁe liqugfaction takes plaée;gnder‘a‘specific prgssure, b
the so-called oritical pressure, with the suﬁstance assuming a N

"eritical” density. VWhen the temperature is reduced to below -

its éritical value, the ;regsure 1*equ;.“ed viil be less than %the







;-194.4?"1

. Witregem - | W, 28.02'}.209.9° %—195..8"":_

Nepn o ' ,.>‘  26;é -238.70‘;L2¥5.9° ‘ ;228.70 ?7;8‘
Hydrogen | H,  2.016.259.1°|--252.74°| 8.95-239.9°|13.2 lo.
‘Helium - . 5.00 Lo272.2°| . 268.88°|  0.06-267.9°

The beginning and erd temperstures of condensation’ of =iy are some-
vhat different (-192.0 snd -19%4.40.C). This is cxplairned by the fact

. that air is essentially & mixture of 21% oxygen and 7% nitrogen,.and.
during  liquefaction relatively more oxyzen 1s l3quefied in tho beginning
more nitrogen at the end. However, the more nitregen is in the con-
“densing mixture,” ths lower is 1ts bolling point. . e R




'during the drdp ;n temperature, vhile all of the second part

’-the lowest uemperature. In the 8 diagram, fig. 1, where the




'reversibl chan' 8 of,stav'

e ey

.ccord::.nb to rig.ll the chanbes of entvopy of uhe 11quefy;ng ST

”vsubstance {s nsl.- £ - sl.

“#The word "adlebatic" is uopd here in uhe manner vomr'cnly emploved
.in-physics, 1.e. for all processes (including the non reversibxn)
vhere there is no heat 1nter3hange with. the outside.

2) 'Entropy, 11Le the absolute tﬂmﬂﬁrature T, the pressure p, the
- specific volume v, the internal energy u and the heat coatant 1,
‘ete,, i3 a value related Lo ihe state of the sabstance. It is
ﬂ?fided by the followi1g Eifferentisl eqaatioa- .

ds - 4 -.pdv
" where ddring the revewsiblp cnange of atate . 1.e while co“-_ﬁ
. tinuously under equilxbthm condi»isng, du - pvd may be set equal
'~ 'to the heat edded; . dQ. - Because of the relat fonshlip btetween . - -
.entropy and tho eecanu law of the*mouynamics entropy acquires .
the nature of a Lnive‘sal natural isw, '




therefore- O

The rirst expression on the right _“}‘.

of the cooling water (Qléi 1s Pcp“edantodv

“1r3t ;souhormally ccmprcsoud f*om 1 %o “vat uhe temporaﬁure”
;1, EET:) prnssure then- isot“opxual {re ralﬁly adiaba cally)
- reduced ;rom'B‘to 0.,,1uvuhe OOSuavo ﬁhe ga; would then be.f
a ~omnlet°1* ligs efied | R |
It may be readily snowu; that the work térﬁ;'L'miq; ¢eleulated
ffom this 1dea1 process, is szal _tban ‘thet derived froun the v
“eversible vernot cycle =r 03*53, vhere the a sumpuion is nsie
tha‘ the uOt&l amounu of co;d QQ, *”l roddced at” the lonezv
tempera»ureVAQ. We get, ne;ela; ’6* the reversible CarnOu prceess,
. _ By -T2

Licarnot ~ T X Q" =




VHTHDvLIQUEFAC”ION OF- Gas Eg fh: RACTTCE '

5

;"he ideal process can not e ¢:M'm.e'a out in a~t":1 pwact*ce

because the required maxiﬂum pressﬁre in 3, fig.ll,' oalu amcunt

“to batueen 400,000 end 502;000 ata. for air. In setusl rofriges- .

mvm crivessm i imto itk

206 atm. is soldom ‘excecds
will be shoun below thu* this results n but & . mall vropér oﬁ
'cf the alr being liquefled iP acuua1 pract’cu, in conuradiccion to
5the 1deal process - rnd that pec*al precaut101= must LE tuken to-
have’ ths ‘cooled. bu» not llqucficd«part chnsnit LtS (old 23 com-
pletely as poss*ble in & ?’V to pcrmit ;ts utilizatier 1n the 1 che-

factio In genera;, tbese ;“oce zes also operate tituvcompr sicn

rolloved by expansion. SR T ';ﬂ

——r

The ehpansson ray eluheA Lb dcne 9n an expanslon cyL inder

with a *ecovery of mechauical‘Vo"k .o 1a oh:ottling va . The
‘ «H




'm'a “'orfsor JouLE EI'FEC'I'

Tho temperature chengc produced in throttl*ng, and ob-
tainsdmwithoutmthawadditioawormrsmnvalﬂoﬁgheat,wismcal*sdythemwmw e
.Thomson - Jou;e effect Hhun throtl iin~ io dons over. ' ‘aree‘

temp Lure ”ange we esll 4t ,he ﬂteﬁraued”mThcmson.— Jqu+e

i~

o effect. Conversely,‘wefcax_vohe quini tosinally small temperaiure-

,chaﬁgas btroazhat abouf by 1nfinitesimally small pre*"ure changoes

- the rferznt*al“ Thorson - Joula effocst; the differential

- _ v
effecu may 23 as umvd 1n pracuic~ to eqaa‘ the tempeTature caanges

;esu ting frcn 1 ata.. drop in prasshr
t follows froam &n env;aa boLu&C‘ at the uhroutle, that ihe

keat content "7 should remainvcoauu‘nt during throttliing. n the

strengih of the secend law, we may derive for the differential




preesures.__
"‘the upper branch applies B

'vthe liquid Belov he botton branch an"t _the left o? the crit-cal

‘The relative pesition of5the:i$ohars_shpws;:thét the'Th6m56£

- Joule effect becomes 2luost generally. sméllér ss ub@ p*cssua -

1ncrqased. For preesures belov the critical (y(j38 & xtm) the:

Thomson - Joule effectv‘nC?ea ss stos di}v with dropp_ﬂ temperauure NS

until the saturation curvoiis rea"ned es can’ b° seen by examtn-
atlon of the curve,.éaj, io* 95_atﬂ For pressarya abome the criticzl

T)»;B 4 atm) the Thomssn - Joule effect also inc reas=3 witn
drcpping tempc"aturea, bu“ reachag a8 maximzm ana th o decreazes o

the more rapidly, the LCSS the Dreasure eAceeds the cwitical

?pressure. AL very nigh press &resya“ -very low temperatures, chieflly




y‘ U
diagPAm
)r@uontea in fi

R R -nwmn—-.wmmm—aw~w«w et

above on ‘Eb r;vﬁt are the curves &t constant pres '*e, vith‘

upper straLgnt llne rep“e enting"p>;0. To- the 1eft noar the

bottom_is.tng savuration rpnge, limised by +he broken sauuratLon "ne'.”
' The course of the isobars Shows thati¢“ teape ature1 abo

the critlca L, 1.e. to the right from Ty =

132.0 , 48 well as 1nsi¢é

" the ra1ge ol sun*rheated vapors above the saturation range, tha

hea+ conuen¢ decreases ut:ougho’» A increasing prassura. - The

high p*essuﬁe cdrvos intersect near the critical temperature and

at still lowsr ueﬁyeratureg, uhc 1°3v .onuent 11creases with

rising pre:sure chiefl; to-the left, uelcw hP liquid range.




hea» uanteat, %e would . g,u the*uemperature changss at 11bati”

“throtiling. | = - —

c) Pv, p DIAGRAM

-

. The product Pv in z2ter -’g/;g is nlotted in fig i vagainst

the aLsoluue presaure P in ig/em . This as agﬂua pcrmi,s the coter-.
minat*on of the snec"fic % inn /kg Lh;c;qn tLe a1 'isicn‘

of *he value of Pv ao rea; 7_‘,. uue p“essure P (in kg /m )

solic lines,-uhich at first faIlv&Lmost-uhrOLgnout vith increaéiné




oL cocling.

268° 0 o18° - e »»99'o°
253 - o0 oo R :
223 S B0

‘Were wo mext to- Lnrottle“rom 200 ata. %o th@ a,mosnhe:io )reasure'

- . . o . '
at 15° ‘“,uhe cocling produceq, 389 woul d De mnch too “sanll to hring

us to the Tiq1urection teaperature of air v;:h no atd Tron aédl iSﬁhl'

"vmeasurea. However, C. v. Llndo h33 auccoaaed 1n ut11171ng the

'vhrottling cooling °r;e,v, Oy © aling uve of counter currenu hcau

r-«

exchangers.  The eflect of this cow unter cur"ent ezchange*s con31sts-'




g exha sted to the original prnssure pl by fhrottling uetween 4 and 5

#The ai*wliquefied 1n~this~wav~1s removedwet 0wmthew*emaimderwinwwwwwmwn

tha vapor form entero again the ccunter~current and hecomea

_vagain heated ideally to tha temperatnre Tl. : v

: In actual precvice, the cc:p“sssion to higucr prezsnrew is
vvalvays done in several stabes apd the heat of compression reuoved
' by‘the‘c6o11ng ﬁatér sfter. each compression “Intermedlate cooling'
results in a considerable SuVLné in the comprescsion en;rgy in
compsrison with 7s. Tho morTe steges are used, the acérer will one
come to iséthermai c@ﬁprcssion, in which the work of cbﬁnreésion |

13 the least fo» & given r&iip of pressures., To become independen*
- \\ . - - N

— |




””the,amount o'

Q=7 (ii =< o)

> 'To find y, wu shall calculate the: energy balance for -the. 110ue-
MwMffﬁﬁigﬂgfﬁifm?§3332£9§"E?e compreuso 'S and..he coolers, and hase it -
on the” considerstion, thau 2:; ;:Mgm;;;ﬁ;;hationizgz&w;z;?;ym”NLMWN T
: brought to the unit a5 1s tn?er au ohd f"ou it. The energy b"oughﬁ »
to it consists essenuially in the heat ccntent of tho cc:preazad air
f entering at the varm enu of  the counter current the eneryy .aaen
. avay is the sum of the hea‘c content of the 1 - ¥ kg.‘ air, leaving the

wvarm end, of the counter current and of the heat content of the 1iquid&k

v¥hich leaves the unit. ve chtain- the“eforc —
the energy lalroduced :-13-
the enefgy romoVed




snip between Q2 and the 5homson - Joule effect
i tnrottle dovnvthe~compr=sseu—air f*om»the presa 4§—to the-.

pressure tl, vhile the temp rature drops by ‘the amountr\T of nhe

= iﬁtégf&téd‘fhoméonu- isule effect ‘uhiie tho h£ t contQﬁt rétaiﬁs'f

its value of I% the’ amount of haat 11 -~13 c AT s ﬁust
necessary to bring the tcmperature up to the initial temperature T1

after exhausting. Ye ottain uherefore

D Qo= °p.a'1' e

~. 1 e. the 1ntegraued Thcmeon ~ Joule effect 13 £ medsuTe of the
cold production at. the warm'e‘d of‘uhe counter currcnt hesat a:i-
changer, There is therefore no gaiﬁ in the magnituﬂé of’ﬁhe cold
effe§£ in the Linde procese, because uh?Ot 1ing is done ab a8

- lower temperature,. and therefore with s greaVGA "&omaon - Joule trfecu‘




-y

5. ' The effective
compves oaAvor ‘Bt .-J_ j ; 6 mos a3 large aﬁ
' the uverane as bne culculated "alue of L'v becauae or the deviabions

: of tne comproeslcn p"ocese from the isotnerm x-d because of

ve hive u3ed thr*ughﬂut 1 69 for tite X value in our. computationu
‘This‘val ue Qgﬂes the clesest to the usual practic&l guarantee

factor, and is ;hsrefare.aurficiently high not to be exceeded with
perfestly perforuing ccﬁpreesors.' . ‘ '
It is Gesired ir actual praetice'to produce a certain amount
of 1iquid eir with the 1ovest possible york, l.e, to obtaiq a
minimum value of -vhe ratio L eff . Tatle > shows this ratio

com"uted for thc cESS rhﬁn the temperetyre at the warm end of :




liquid 81

7 ble‘Sﬁovs;m*rut“tbewe~vunt ofwvari requ**eﬂ ~ PRI kgwwmwwwwm
: liquid air increaoes con 1de;abie vith incrmafing Po. Thls 1q' ‘
Venpiained by the fact that the inte5 grated mham':on - Joule effect
-and pherefore alsg Qg, increase almost proportfonaLly r;th p2,
. vhiie thg‘ﬁofk requirédvincﬁcéseslénlytbfopbrtiqnéteiy:ﬁith"‘

the 1n P2 .
, 5T

A comparison of the Caiculated.values'with the ﬂinimun’vdrk

*equiremenos of 0. 25# 1?hj£g llquﬁd air in ‘the fdeal ggs pr ocesé
shows that 9v¢n-the mogu ,avo*wble velue of 2. 86 hDA/kf in table 3 vf—

vié too high;’ A;further'redgction in the"vork,require&ents has been -

-y - -




"'appreciably rcdnccd per kg of” 11qu1d air

ower prﬁasurc pl.‘ 2he high pressure circuit -
L _ﬁ.‘_“_____l_ﬁ____ o -

"out of tha unit'in th ouid étate undéf éumospheric'prussure.r'

'Thbs amount is further increas ed becauae when eahaus»inu from
intermediate pressure down to atmo phe~1c part of the a‘ liquefLed
 at intermndiaue pressure will be again evaporated ,Fig. BA.shcws
the scheme s high pressure cir q , ;n uhichvthe-compressor “
.coolerﬂis noc-shovn for the sake of sinblicity. | _ -

| ' Ai*~undc“ high pres«~*é‘i¥ whosn'in black, under 1n er"euiato
presadre in gray, and at at pheric Presaure in wh*te The intake '

- alr at atmosp“eric pressurﬁ 1s coun_esued to the intermeﬁiate




. and throttled to py Letveen 4 aad. 5 ‘M kg 1s thea completcly

again evaporates (9) &nd 1s again neturned through thc counte“'v

current the rest may be removed from the arr angemcnt 1n 0
f.m_ . 'u _ : ewamount f;einmaswhasnbeenﬂe‘panded,mewwWMW
in, the second‘throttling valv‘,'with the’ necesaarv addition
to compensate for any possible leakeges, 13 returned to the e
' system at 1 in the form of fresh 1ntake. !

Fig. 8b ehovs the same process in the form of aT,s »
diagram.. It is he 6 assumed that 1 kg air 13 compressed at’ the '
temperature ™ from P2 to p3, 1s counter currcntly cooled
!
expanded betveen 7 and 8, vhtle 1 - M kg air under intermedrate
pressure (6 to 2) and y- M &g under atmospheric prassure (9 to 1)

are returned through the counter current exchanger. The compression




TWb get for the loss-free compress;o oL

SR, (n D3 M m P2y
. ..Pg.

comrieats H-.».mm-‘ -.—' w! o
© vorx, L eff

. ‘We - can calculate for the spscific case vhen pl
P3 =200 atm, ‘m, - 288% abs (15 C) and M . 0.2: Q
Ligge = O. 111,3 m?n/kg, = C. 0748 and’ therefore.

;“f . 1.53 npu/kg 1lquid air, |
vhich represents an appreoiable reduction in comparisbn to the
- value 2,86 hph/kg with complete expansion frem 200 to 1.

atnosphere.

la -




Cor 1. With 8 precooling tq - 50 this reqaire‘ent.of col

_;é'reduﬂed to 81.3 kcal/ﬁg from 97. 1 kdal/kgaat';'iso.
Refrigeration 1n turn requires an additional ccnaum“tion

» of vork but this 13 relatively small in comparison with tbe :
- gain 1n the production of cold,’ espec1a11y.iffthe>cqld of»the e
eipanded air ffom fhe main counter currént exchanger, 'thch-

is' sti1l rather cold, 13 utilmzed in-an auxilisry counter~
current heat eachange;.- ”he amount of cold Qg extracued per kg
  0£ alr from the precooler can be computed f“em the T, 3 diagram —_

'as follows




and by insert;ng into the: equation for O», R S 1 _
L e (LN L) F (S _43)4_;,_(11_.”5; R

1

- From equation (6) ve' may write ror it N _
7 ' W(’nlw

'where Q'2 is the cold broduced iﬁ the 11quefaction process f

: vith precooling, QQ vithout precooling, According to this,

'Qk equals e increase in cold production caused by precooling,

~ and 1is.equal to y. (14 - 1’ 1), vhich is needed to coel the

amount of air to be 1iqueried, s ‘under atmospheric pressu:e .

from robm.témperature Ti ﬁo-the precocler temperature T'l. The

cold produced by the cooler is selected 1in practice greater

than follows 'from equation (xl), because the expanded sir

P

leaving the main counter ‘current exchamger givés up &8t me3t
70 to 80% of the availuble cold. v VZA' ’




i -,

qupréssor work (L‘eff)f'
Work of cold prcducer.(L'erf)é_
L'gpr = (Llere)y v Migpe),
| » L'eff |
¥y .
It must be observed in the high pressure ci*cuit that
3 must be selected larger vhen there 1s precooling, tban when there

is none, because of the greater amount of air 11quefied




: and the 1ntermediate pressure plotted on‘the absciasa
L'eff
ra ues between 1 and 200 atm.

IMPORTANCE OF PRECOOLIFG FOR THE PRODUCTION oF .
_LIQUID HYDROGEN ARD EELIUM ‘

‘In the liqueraction of elr,- prnc-nling &q 1argely a ‘means
%‘to affect savings in pover consumptio » but in the liquefaction '
of hydrogen and helium which: can also be done ﬁy the- uinde process
with simple expansion it becomes an 1,diapensable pre*equiaite,

5because the Thomson - Joule ‘effect of- thess zases results in a

“'pise in temperature at room uemperatures. With hydrogan, the

_ 8o ¢, with helium only at cround 233°% ¢ (30 abs). A qutficlent




o by the factor k 1n eq..(8),..¢nere are however, algo loases 1
‘the liquefaction unit proper, and asiue rrom the 1nsign1ficanbvvv7»v
pressure losses, tne following are the prinuipal loases of ccld‘

ot 5 e U S A 1NN s 8 S e Rt S s

1. Exchanger losses. - ”hese result: rrSETZZZ”eprEZQZKMEQZes -
.1niae counter current exchanger not being completel* warmed up

-to the temperature-of the incoming air “and’ usually leave at a temp- f?
-ereture 1 to 2° 1ower, thus carrVing out sone or_the produced
celd.‘ With a temperature difference &% the warnm ena ef the
exchauger_;ta, the exchanyer ’oov, referred to Lnit cf mass of .-

‘%he escaping expanned gases are cp<3t

2. Insulation LOSSGS, it is 1mpossible to prevent all heat

-from enteriug the equrpment from the outside, and even vith the best .

54




"liquid air.

1n uhe czlculat ions shown, and the’ va}culated values are uherciora
" too lov VWhen referxed e.g., to=a 103u of cold equal to > kcsl/kg
'of the liquefxed air Mis increach to 0.35 for a high pressure
ﬂirculaticn botween 50 and 200 atm., cnd with_precooling to
"v—50v~thg power consumption s i 1ereased from O, 905 to 1.15 HPr/kg
f"quuid air.’ ‘

: SEPARATION OF GASEQUS ITX"URES AT
— ’ ' ’ lLow TEMPER&TUR“S

?hé»pésgibiiitjbof separation_‘> a mixture of gases boiling

at different low temperatures into iis cona»Luuents is bazed on the




in accordancegwith vhat has been said above, relatively more -

oxygen vill condense at rirst re;atively more nitragen towards

the end because the boiling point or oxygen is. 13 higher than -
nitrogen. Vére the air liquafied under atmospheric p essure, the_'“
first drops or the liquid formed would contain &8% cxygen, the
1iquid last liquefiod would contain, hovever, but 7% Hhen
liquefying but 20% of the. 1n1tial amount, ‘the ilquid formed vouldw
contain 40 5%, vhile the residual gas only 16% oxygen This explainsv;

IL R |

) k/ The’ percent by volums has been measured in the gaseous state __i;
: at room temperature and under the pressure of 1 atm. All data

! given below are to be understood in this sense.




but disappears only vhen x =0 and x :'ioda:of pure oiygen;'”Fig} 12
: reproduces the different equilibrium cnrves at different presauresv
_between 0 5 and 16 atm from the latest moasurements bv Dodge and

Dunbar vhich show that the equilibrium differences become smaller

at higher pressures.

Ve shall now discuss the dif;erent separation processes of )

7 mixtures based on the phyaical behavior just deseribed




B apor. 'rhe oxygen enrichmant of ‘the. liquid 1s,‘ hoi.'evez; .11m1ted_
| 'by the‘ vapor at. the end or vaporiz&tion \hen tl"e composition 1s
‘z2 eo 19% (point 2') and’ tbe 1ast 1iqu1u drop to evaporate ’
f”‘"vrlll”"have "the*cmspmdiug compc*sition*of'xe :
| (point 2) ' o :
-A considerably higher oxrgen concentration in ;he liqmd can f
’_‘ be prdduced when the vapors produced a‘re 1ed -8¥3y periodically
agigr certain time mtervals. Several va.por fractions are then
' produced of which the latoer will alvays have a hibher oxygen con-
centra_tion, than the former. Wers wo to make the fractioas im-
finitesimally small, the vaporization ﬁrqcess w11l ﬁroce_ed as L
" ‘shown 1n Fig.‘ 13, ‘in vhich the »compositién‘ of the vapor ~just>‘

_ formed and the remaining liquid sre plotted as functions of the. . .

M




a~fractlons, are removed

Neither fractiouation vaporization, nor fractionatior

' .condensation are suited for the economic separation of ai- because :

v On the other hand,
: ] densation Y agaﬁ wmd ver&"érea
1mportance for the «eparation of hydrogen-contsining mixtures,
" such as water gaa.aud coke 0ven gaa. Hyﬂrogen boils verr much
nlover, than the other components, as seen in Table 5, aac the
others can be condensed out of the mirture very perfectly, without
_condensing significant amounts of h}drogen Detalls of this

:process will beﬂ¢11ustrated-on a sirple exsmple.




‘mexhane condeneation begins.therefore at -150

The aubsequent progress of the condensation cen be computed e
as followsv Measured at 15 C and under 1 atm.; the gaseous mixture
contains V1 of the condensing ges end vll of the non-condensin”

” F‘urthermare at iy temperatnre“’t"below "the”’initilﬂ”‘con-
oensation the saturation pressure of the condensible gas 15 pl,
The emount K- condensed at this temperature 18 then determined
from the partial pressure of the gas 1 in the residual gas, pl,-

’ and therefore the pertial pressure of the gae II is P - pl. Let;
' us assume that the ideal gas laws apply to -the’ residual gas, 1n
wvhich case the amounts of gases present vy - Kl and VII are

proportional to their partial pressuree, or
Vl - Kl .




'monoxide and nitrogen, vhich greatly reduce *the melting point
of-methane, and the cooling o* thu mixbure proceeds still furthor

Table 5 shows the large numbe‘ oft components pros t_in coke oven ga§, '7

SPCRR SR e, b

Théese compo nts affect each othe‘ during the co

 the simple formnla (12) may no louger e usad for‘acou:ate comput-

‘ ations.. ' -

| Fig. 1%, however, gives the fundamentals for the cond@nsation
processes and is therefore very well adapted to clﬁriry the
difficulties vith the transfer of cold 1n tae case of uoke oven gas,'
and these difficulties will e scuaoed pr*sently.' Tae final

;products are gaseous in most cases and used at room temperaturas,
while ‘the separation takes p;ace at lov texp ratures and ') must
transrorm to the freshly 1ntroduced gas uhe cold liberated not

merely during the re-warming of the sepsrated products, but also




7

[some of the liquid methnne in a vacuum It‘has ,however'been

'.temperature by using a different re“rigerant,‘in most cases nitrogen ’

This nitrogen refrigerator worhs accordingly on the principle of
the usual compression rcrrigerators by llquefying nitrogen with
evolution of‘heat under a preseu:e or 20 to: 50 atm at the "high"

-temperature of the boiling methene and re~evanorat1ng it after

throttling to the atmospheric pressure, and have ths excess-or

cold of the methane available at the boiling roint’ of nitrogen

-196 .C. This arrangement (paten* claimed by ‘the Linde company)




'jltheir‘édmpgéitidn.; In generul the liquld 1g mada to meet the

'~;rvaporsjby:haﬁing'it run;dpwnvgv a very large surface iwe.'over

ﬂ'othnr componeats by the 1iqu*d tn= rechifination may also be .

" called vashing.

A uwo-fold equaTization takes: place at every plabe of coatact~ N

" of the boilinz 1iquid snd the mi...t:d vapors: an equa]_i"a,tion of

temperature aad an equalization of partial pressures nf the 1in-

dividual components in the liouid and the vapor. - The - equalizetion

- of partial pressure. affects also the desired exchange or these com-

ponenta. - With surriciently loug time of contact, ‘a. state of equilibrium.




.,..v‘__.*.,‘with the J.iquid Yn
mwredncedwbyﬂths aznount yum-
'1n composition, as 1t runs down: the surface of the colun:n

. -and reaches ‘the bottom, by mi_xing with the’ 1iquid

:‘co,lle_cted ther‘e. We can arrive at- the changes in composition

- on the " strve\n'gth of the ;ollmring energy and materia:.'balances.- o
~In the permanent state, the sum of- 1) 3-11 the added: and removed

_4amounts of gas, 2) all. the entering and leaving amounts of oxygen, '
" . and 3) all the added and re:noved amounts of‘ heat must 'be equal

A‘to each other. _Therefor re, 11‘ V and - V + 1 are the total amounts :

of vapor above a.nd ‘below the bo»tom, v, and Vn f the corresponding




additively from the heat’

is always: present in the &

{? vhere 1' 02’, gn 02 Ty "B ! and j"NQ &re the heat contents of pure
‘ﬂf:and-Bé'at the‘r boiling’p"ints under the total pressura of . the
e oD 0D
' Arepresent the heat of vaporization of uhe P
'_'pressure P -we may replace eqqation 17 by 3 _

» inoy (1. o " T, 2) + (1 e (i Wz + r“a) -172). -
Substitution of this equation into (15), and undericonsi¢eration of ”

:(13) and: (1%),

n?A ‘(rne - yn) (r042~ - 1‘N2 )) = Vn . 1 «rne <+ yn, . 1) . | b
- ) (18)
and ro > rN s and this equation neans that during

: . (1'02
rectification cf the oxygen - nitrogen mixture . the amount of vapor5~u

increase'tovﬁfds the top. Equat cns (1’), (lh) and (18) permit to




”’“CV?Thiz equation permits the continuous determination of the composition

_of the liquid nnd the vapors on' the plate, oy set,ing yn $u r(xn)

‘43 always S f(xn l vThe

 'vaporn yh yn + 1

'_called the efficiency of the plate. This efficiency depands

]

primarily on the construction of the recbifier plate and varies

to the theoretical ¥, - £(x,) ¥ill te

as a rule between 0, 4 and 0 8. When,,is knovn, equstﬂon (10) may

also be applied to actual plate and Sn . 1 cen be celculated_from '
| Vo -1 =¥+ 8y - £(x3)) - (20}
Should ve assune, as heretofo*e, and as is also always Justified !

_1n practice, that the vapor becomes poorer in oxygen through contact

L)




ihb haﬁuré:an _,umb T of the ?evtiricationfcolumn plates, also.;_
'upon the comvositian of tho liquld entering from above. The vapors .
' escaping aboa:_c~n not contain less oxygen,»than corresponds to -
bjthe'equilibrium:ccmpoeition:cf;tnat 11qu1d.i Ir the liquid_air:

! -3df“ﬁitﬁ*?o“éﬁwcgfftﬁéﬁwﬁhéwéébhpiﬁg“vapqrswmnst“contttﬂfmﬁ*”
X34 lcast ) Gy, accordirg to fig. 1l.. - On the'othe£h£;ﬁdi:there i1a-
“practi ca’lx 0 irmit for the purit” of the oxygen- produced 1: the -
Von;E enter»ng Arom telow are produced by re-evaporation of the ‘
" 1liquid in the coiumn, because the rapors then alwvays contain more -
" oxygen ther. corrcsponds to the equilibrium conditions of the 1iquid

dralned. ﬂith the arrangement shiova In Fig. 16, the oxygen-rich

',l*qu;d on ,h bostom of the columis vaporized by the air to be




: produces only a preliminary separation or air 1nto liquid nitrogen

o and . a liquid containing 30 -_ROp oxygen., The final separatlon
'into the pure compounds 13 done in the second: column under a slight
'Amexcesswpressure*onlv mandwiewloeated~a“ove*the‘p*e-eeperatidn“””“
A column The difference in: preosuro in the tvo colums 1s 1nuended
to raise the liqueraotion tempera ture of the nitrogen entering the
-.pre-separation coluﬂn 1n the gaeeous state so that it could de '
‘condensed by giving up heat to the liquid oxygen deacending in
the second. column Theorestically, a pressure of 3.5 atm. 1is sufficient
for the purpose, in practice, a eomewhat higher preesure is required
to have sufficient temperature difference for the heet exchénge v
'between the nitrogen, which 1is being condeneed and the evaporating

oxygen.




x_n;nitrogen,-Ehan

' nowt itquesied at ©

i',column to furthe*nfree the rising vapors of their oxygen, so t’
" the vapors and the liquid . obtained from hem will have in the s
bi inal state oﬁly about 0 5 to Bp ozygen.‘ ihe otner halfco that
ééwwliquidviswexpandedmhhzough.the v&lvewfeﬁmr“d returna
._Aof the other column A nearly eqval amount or 11qu1d to be
,vaporized and containing 35 to koo oxyg,n 13 taken from the
"~ bottom vaporization vessel and int"oduced into the middle of the -
upper column, wvhere 1t combives with the liquid coming dovn, and
enriched to approximately the same oxygen content, Finally, -
’ liquid consisuing of almost pure oxygen coilecte in the outer
space of the conﬂenser "g", s re-evaporated by the- heat liberateq

in the 1iquefaction of nitrogen inside the condenser. Approximately




'lization.. ‘l'his transfer of cold to ‘the upper end or the column |
| corresponds “to- the‘action of a refrigerating machine operating |

' between .two very low temperatures. The energy reqn.tred for it 1s
supplied by the two column apoaratus by the necessary compresaion o
of air- to at’ least the pressure in the pre- separation coluxr.n On
~ the other hand, the sti1l higher compression required to liquery

' the air 1n the coil "a® 1s essentia.lly uvoided AP the air is

‘tramsferred into the high pressure colum st "f" in the form of vapor.

-




'_‘transrerred to the liquid.niinogen.;fThe production of addiational
m \cold becomes necessary only vhen psrt of the: separation products

;is removed in the liquid etate. _In the great majority of cases,

pressure' Nardo e counter current exchangers use up any co]d .

_when the heat exchange is pex rect and 1OB¢GB of.cold are p“evented

N cold when*the conditiona haVO become staoilized and the separe*ion
e process 1s carried out with fio’ losses. On could even contfnuouslv
remove in a special unit an ndditlonal agount of cold produced

during the throttling of the nressure of the pre separato and vhich

amounts to 0.3 kcal/b with no precooling, and to 0.5 kcal/'m3 with-

precooling to -50°




b._erfher all of th.'air or-a part of 1t to a higher pressure;

: S‘atm. The air compressed to higher pressures becomes liquefied

”1,:'before the intake 1nto the coil‘"a"; fig. 17, while the air

;only 5 etm.,enters thempressure colnmnﬂrnnthewform
of vapor.A L e S : '
" In fig. 18, the requirea pressure with—pre-cooling to -30°C
as well as the total' compressicn werk per m3 of air is presented as -
a runction of the fraction of the air under higher compreseien ror L
’_the two cases mentioned, when the additional cold required equals
’2 and. 4 ‘keal/m> of air. The drawing shovs that the energy require—
Aments for the aetnal separation with a given expenditure of cold can o
be markedly reduced by decreasing the amoun or the more. highly s

compressed air, in spite of" the higher pressure- pﬁen required. The
" frequent industrial practice of eeparating the total air into




‘"expanded On the other hnn_, tho high pressure circuit can b

successfully used wherever the separation 1s produced wholly or"

1
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"_ pesting, e.g.

preséure, in ‘the preaence of largely aromatic or: hydro-aromati
_ydro—carbons, if.less Hp.1s used: than 1 Mrequired to. convert
the coal: into—liquid hydrc—carbons, .or -1f the coal: 1a»treated,{
“without ‘the: addition ‘'of He o with hydro—carbons,_such as’
’tctraline, vhich can give off Hy 2t

: From the converted producta, which .can. alaoﬁbe‘freed of
ash by filtration; the pasting oll is again recovered by -

~ distillation and is recycled. . In order tq facllitate this
pecovery, mostly lighter boiling gdro—carbons ere used for

¢ light olls from 120%-220°C. or middle oils -
from 200°~-300 C..on, opr. ‘the boiling temperature of higher '
boiling oils is duced by vacuum or steam distillation, 80

. thet there still premsins a etveen the bolling ond of

“the pasting oil znd’ théwﬁgginning of”d!stillation or decom ‘”“““““”“W”*.
position ‘of the recovered b*tumen. - . S -

S The bituminous produet produced 19 similar to natural

* bitumen or distillstion residues in its range of use. Among
others, 1t can also be:carbonized at lov temperature (versch-
“welt), in which operation it may yield up to 60%-tar, dopend-

ing upon the kind of co2l and the hydrogen consumption. It
is Purther suitable as & binder for briguetting, carboniszation,
or coking of poor or non-caking(backend)coal or coke braeze,
“whereby the entire tar constituent is: recovered from the

bitumen. - .

* The-thorough mixing of the bitumen with the coal to be
caked or the coke breeze, as well az:the manufacture of the
pressed products, is facilitated and improved 1f the soften-
.ing point of the bitumen is not above 120°C., properly only’

- about 50-90°C. To be sure, such a bitumen can be obtained ..
_directly from the cosl by longer residence time and somevhat
higher Hp consumption. But for better utilization of the
high pressure apparatus it is more profitable to work with
lower resldence *1mss and correspondingly higrer temperatures




the ‘proportion of 1:l and
g .coal. at.460°c.: ;600 at

J
~“inthe- bitumen ‘obtained in: ordor to.
point ‘which:is about;110°C. ini the.oil-
: 0 :TH°G . If we-vork without 32 with a middle
1lﬁcontain1ng _etralin “apnd -homologues” supplying’ Hg soften—
g points around 200°C. and sabove are obtained in ﬁe () B
free bitumen,: even with reduced- thruputs. In this-case, up
to. 40%.011 must be added. or.s: corrésponding amount.left. in
the. pasting oil in: distillation.‘.The 0il constituents
the bitumen‘must be kept still higher 4f cosl, vich in: -
bitumen, 13 heated under pressure or eatracted only wit
~.higher: boiling," aromatic hydro—carbcna, to obtnin 8.
B te binder.- .

. This oil constituent is first removed from the recycle

oil ‘in the ‘recovery of the.bitumen, but resppesrs in tho .

S-L.T.C,- tar:in the carbonization and coking of the briquettes, :
atileast vhore distillable oils aro. cbncerned, here,. hove ver,, FISOE
‘mixed:with the. tar produced from -the cosl and~bitumen by -

. decomposition, ' It 1s no longer possibls to seperate it -
i ErOm. the tan.. bxmdistillation.vand.win.o*de‘ Lo. covenmtha,wwmmmw4WMMWWMWW
~i"loss, We ara forced to recycle a nixture of the original o
- pasting oil.with the L.T .C. tar distilate, because 8 -
ccnstant ‘supply of make-up 0il 18 not poszsible, since it

~-would make the whole process lmpossible. 4+ was shown in
the continuous replenishment of such an oil that the o011~
fractions distilled from the L.T.C. tar 'sre no longer good

~“solventa for the.coal substance and that considerable lozses

_ occur in ths high precsure sectlon, so tha% the coal converaion
and consequent yield of biltumen is constantly reduced in
continuous operation. The cause of such unfavorable behavior
may be the presence of paraffinic hydrocarbons, which may dbe
present vhen young coal and brown coels are used in consider-
able proportions. At prezent 1t is due to unsaturated hydro- .
carbons and oil resins, which cordensate and polymerize
together with the coal substance, or form coke, 80 that the
pasting 01l losaes are particularly heavy Y¥hen working with-
out hydrogen.




ubjectea to: _ n,
i olecular conatlt' nts' '

= T v
content, “though high,ia
.The tar, 'still containing about 0.1—0.15% ‘ash
“into a’ pressure vessel, ‘not ‘heated but well ulated; at
3-25 atm. thru'a-tube ‘heater, which heats-it up to: 450—525 C.
t.the.same.time the.residual. heat. required. for. decompositlon
‘198 supplied ‘by an auxiliary gas preheated to 4#50-600°C., such-
2. rag8-the L.T.C. gas in the. circulating syastem proper,  or’ nitro—
" . 'gen, hydrogen, or steéam. The distillable- oils—at«hand, as-
. “well as-the 0il vapors-rich in aromatics,. produced: by cplitting
““fpom ‘the high ‘molscular hydrocarbons end the tar bltumins,. :
" “ape carried off vith the flushing gasos and condensed under
-~ pressure. ' The rest is a fairly-dense; hard and ash-poor - . .
~ residue, reaembling coke, suitadle for motallurgical purpozes,
' -particularly as electrode ‘coke in'the manufacture of aluminum, .
‘after 1t has been freed of its volatile constituents and made.
mfconductive by heating without pressure to temperatures above

The yields in coke residue and pressure distillate vary
comewhat, depending upon the kind of coal, the carbonization
systen, and the binder. If, e.g. the L.T. C tar is produced
in'a flushing gas kiln from poor caking bituminous coal rich
in gas, with more-then 35% volatile constituents, and & -
binder consisting of 12% of 2 hydrogenation bitumen produced
by incomplete hydrogenation of a cool pasted with an apomatic
middle o1l and still containing 15% pasting oil, is used for
the briquettes charged, about 60% of the tar originates fronm
the coal and about 0% ‘from the bitumen containing pasting
cil. "If this tar is distilled undop & pressure of 10 atm. at
490-520°C. with the 21d of H, , the largely aromatic
distillates present ere recovered almost entirely. The high
roleculsr and paraffinic hydrocarbons, the oil resins and

- unsaturated, snd the humic zacids, are prevented from being
distilled -off by the pressure and are split up by forming S
easily distillabtle, stable, H,-poor hydrocarbons, which also--
contain phenols, and a splitt residue esembling coke, B




.5% prassure :
with a pour: oint ‘of -=8°

“of 45.3% Based on’'the charged’ tar, there vas,
;'8 middle 01l yleld of 29.2%, or almost twice as
& present in the originml L.T.C. tar. This middle
01l contains much aromatics, as well as lov phenols, &and 1
-very-satisfactory-for-pasting.the.cosl:.for.the.production
of bitumen. -Other products.are a stsble fuel oil. auitabl
.. 'for.storage and easily miscible, with a pour.point &snd: -
“specific gravity such that it will not zirk even in. oce&n b
~water, and an ash-poor coke, which, after caleining. :
(glﬁhen) at 900-1150°C. for a short time, can be used as
"'high grade -electrode coke. ' An additional 2-3% 'of aromatic
tar- is obtzined in this calcining process. If the coal is
carbonized in vhole or .in part before briquetting, the tar
obtained can aluo be prossuro diatilled. ,

.._’ Ir the coal or coke is bound to a hydrogenation biltumen
by & coal extract produced from pulverigzed bituminous coal . g
ranimee- $ 04 - 8- Digher-bolling -aposn tic-0il-Dy-hesting - UNA O - PIOBBULS irimirmsbrmiomsmmrmiidss

‘to 300-400°C., 25-35 parts of coal are required to 75-65 '
" parts of the aromatic oll for a softening point of 60—80'c~
If 15 parts of the bitumen so produced ls used for

. briquetting 85 parts of poor caking cosl, 9.75~11.25 parts

of L.T.C. 011 to 100 parts briguettes muat be obtained from
the added oil and the binder oil aloneé, or more than from
the coanl 1tself. If this o1l were to be taken from an oute-
side source every time, the vwhole process would fall because
of it, Eowvaver, it was found that the oil obtained in
pressure distillation and splitting wvas also much dbetter
sulited for this extraction of the coal than the L.T.C. tar
proper, so that it is possible not only to complete the oil
eirculating system for the dbinder recovery with this pressure
L.P.C. 011, but, in addition, to utilize 50-50%, based on

- the tar ohtained from the coal alcne, in the form of & -
stable fuel oil. The coke-like residue is subjected to &
calcining process and then represents an ash=poor electrode

~ coke equel to about 25-305 of the L.A.Co tar originating

an




riginal ﬁ.lt.ra,te 18- no
: his: filtration". satifa

.C y : : ;
centrifuging 'ine riltration, as requix-ed for: electrode ’

L coke mnuraoture, ‘18 practioa.lly imposazible with' presaure
"extracts.  On the contrary, ‘it was found that:the L.T.C. tar
~obtained could be resdily’ f&e*ﬁltered so-that-electrode

- ‘coke can nov also be obtained by means:-of the mbove: combin-

g ation 'by th simple proasure oztrac_ 0! of coal .

S In summary, the prooeaa consints of produc:lng uaable
pasting ‘oils by pressure distillation (Druckverschwelung) -
.of filtered L.T.C. tars, up to “coke, for the recovery of
- bituymirious dbinders by incomplete’ hydrogenation andfor .
extraction of comls, with opr: vithout ‘Hp, vwherein a part of
“the pasting oil is left in-the bitumen obtained and/or fresh
v 011 1s added to obtain'a binder with low softening point -~ =
. e rticularly suitable for briquetting:  In the carbontzation -
: verschwolen) of the coal mixed with this binder the oil ‘
S — m”mg:.mt:ng*rraz thebitumen mixod-with-the tar oplginBting s
from the coal 1s largely recovered, but cannot be separated - . -
fron it, and is, thereforo, unsatisfactory for renewsd cosl
pasting. On the contrery, the oils obtzined by preasure -
distillation of the L.T.C. tap are vell suited for rensved
- pasting of coal. This step makes 1t possiblé to complete the
. recycle proceas fully and to cover the losses in pasting o1l
too. ~ Bysproducta of pressure distillation sre a stable. mol
- 01l and high grade, aah-poor electrode coke.

Patont clsms '
0cess foxr produc:ng sond coke or coke briqnottu »
fuel oil, and electrode coke from poorly or non-caking coal,
or coke brooze with = dituminous binder, produced by in-
complete hydrogenstion or extraction of cosl by means of re-
cyclod Hy-poor hydrocarbons, characterized by subjecting the
L.T.C. tir obtained in tho carbonization (schvelung) or -
coking of coal mixed with a binding medium or of compressed ‘
coke breegze, possibly after previous filtration, to a decompos-
ing pressure distillation; for the manufasturs and -continuous
RS ) 9 _ ,
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ixed poaitl . the.
that . the catelyset ls: ropldly s )
2fective ‘and clogs the reaction space in a aoprt

is psssed thrn an upright reection vesse
" the bottom. -Tha E, pressure here
7500 atm, oo R e

N Vith’""”,tbis"-pp'e’méihg“:xée‘t’hod_,_.‘t aa*pl‘ﬁalts_.'a:e\dot@
“intec.sephalts pooror in Es.: ‘Coasequently, -no products of

 cohdensation barmful to tho catalyst sre formed, sc that - .- =
lapge quentities of ccal peste osn be processed wvitkhout - e
i changing the cateiyst.  Thus, ‘consciderably amaller quantities: = .
. of catalysts need be ussd than with finely distributed - . .- o '

In splfe of its high content of s0lid matier, .

. 'paste can bs psssed thru the peaction space, in Which the
catrlyst 1g aprenged ina fixed pozitlon, without approciable,
dif icelty.  The effectivensss of the ostalyst In-this -~
proceduna. 13 effocted neither by the cosl paste nor by high
polcsular products of depolymerization formed thorefrom. -

ORI “ho ecoal ig used in £inely pulvorized form and mixed
vith an oil Doiling above 200° ©., possidbly even sbove 325°
C., and wnlch is fpe¢o of op poocr iz asphslt, An o1l origin-
sting from the zoma coal is exesllently suited. As 8 rule,
5o mach oil 1s added Lo ths conl that tho flnal mixture
contalina about 10 to 50% coal. If 4t is desired to obtaln

& low agphalt cencentration (up to 20%) in tho heavy oll to
be racovared, apprecisble gqurntitias of gzscous and lov boll-
ing liquid hydrocarbons arc forzed in the usual pressurs

. hydrogemation of coal, On the othsr hand few split procducts,

. @.g. less than 99 gaseous hyérocarbons &nd less than 208 ¢
11quid products bomngbelav"}oo'\‘c.' are formed from the -

™




. Phey are:arranged so thet .
“them, in comparetl ely.

eatalytic substande m ) ,
‘organic constituonts of the coal, In‘order to pr o8 v
able spacss for the: flov. of the: rorotion mmterial, shapes’ of

" 3iZfercnt sizes ure uged or they ure staggered. . The larges
" poasible -catalyst: supfsce must bs provided, -put atill all
‘au.‘."ficiently%‘-vlargbl..g'pac'es,,rbowean' i talyst shapos to.
permit the passage of the asgh. -

L. Desidsa the fixed estalysts, volatile substances, such’

'ag halogens O metalloid balogenidez, G.8. ‘opganic halogen:
‘sompounds o2 volatile sulfur coumpounis, EAY be added, or the - :
conl itself may Dbe arénched vith o solution of & eatalytically. -

8 'a‘c‘ging]auba’tanc_e’,' ~guch asg- the watery ‘soluticn of a galt of &a. . -

. eatalyticslly =ffectlve metal, jor finely pulverized- catalysts -

. may be pixed vith the cozl. The esal way also be trested - = - .

“ryitk ecld before use to routralize the ash.. TR IR

" fhe hydrcgen is fed elther in ‘cg=0p counter-current thru. SRS

**the‘wz-eecticnwouool,”but,;prcferahhﬁw;:g;pgz;x:gnt'.1n the pro-

‘. heater, &t loest part vay.’ I ey

It is algo espsential to avoid & mixture of the primary . R
- produsts of. @epolymorizaticn formet at the begl of the R
peaction vith the producis formed Loward the end of the re-

action. Thiu is achieved by & suttadle division of the -

reactlon £pece, such a8 uaing several poaction veesels in

sexlcs, connecied with onch other by one or more pipe lines

or ovarflov devices. Pumps o otier devices facllitating

the conveying of the romctlon paterial oay be built into

. th;ilines ennvaoying the ‘higher boiling products containing

solids." : . .

: If operations &re conducted in the prescrided manner,
only 1little splitting of iths hizh boliling subdbstances ;
prizarily formed from tho coal occurs. . in cass these stil1l
contain asphalts cr resins, they can agpin be treated in the
same way as the atarting saterials jaftcr'uparaung the ash.

-

-3~




constitaents heve boe:
togethar:with\hydrpgen' : : tor: D
355° C, 18 passsd thru spacse f
of 's011d cylinders tor:
outalde’ disnoter, cona
re»thmnlybdicfacid;ng‘_Y nd- me gng ‘
: bas*prc?;ously-bgen-treqted,vithgﬁ‘S_@,#OOTﬁC;gand'¢ .
. The'orgxnic"mgttar,in:tha:coalfia-uhercby£convertod-tOfthe~
snt . . The oil Tecoversd haz the folloving composit

Jubricating oil’
‘;agghalt?.-‘ LN

F1ih thle oporating méthod, operations may contimue

‘;undiaturbed,forvwoeka.',If“on the-ccntr;ry,.the'coal paste is
‘passed thru the reaction space from bottom to top, 88 hes-

“ been customary to date, the rezction' space is clogged vithin -
‘hrae days to nuch an .axtent that operations must be. . ..~ .- '

‘'Also, if the coal paate la -gaaeed thru the reactio: _
space f£ron top to bottom at say 70°. C., instssd of 355% C.
at otherwiso customary preasure hydroganation_tempcraturea,
and ‘othar conditions being oqual, continuous operation is - -
Zmpoasidle, beciuse the reaction spscs will be fouled after

- oply twd days. o . ’ : P

S LIRSS MUEPRRIUUTREIEE | JSE R W IR

-~ Patent Claggg't-‘

i. Process for producing high boiling oils, particularly
Alubricating'oils,'by pressure hydrogenstion of coal mixed
with olls f¥ée of Oor poor in agghalt, in the pressnce of

"~ fixedly-arrangel catalysts in the form of pieces, &t
X racterized by passing the coal~
ihru an upright reaction
preferably, #00° C.
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- 13quefied or coaverted, 83 well as ash and posg

i _;:tmmwmywboﬂ&rmgodminmer,iea‘._..mP.r.OPPﬂR?WhI?

‘a3 asphaltic or solid rosidues, are used
»ting matorial for the' pubsegquent pressur
That part of the products ol ’

, ting, .vhich: bas. been frsed on.

thorefore, 2till .contains spubatancos,’

“eatalyst. Surprisingly, the recycled asphilts and ash cause:
‘no ‘disturbances -in the. hydrogenstion of coal. ~The -hydrogen
ation of cozl 18: greatly simplified by the above invention,
since it makes a special processing of- the letdowvn to.pasting
~~oil as, for mstanqq_‘by_“cax'&qnixauon',‘.meceasary.‘ L

-~V The prossure hydrogenation: of. seldd gubstances 1s.
" properly dons 2t temperatures betvcer 350 and 550‘;’~_G. . Th :

. temperature may.be incressed graduslly or in ateges during B
the reaction. For .exampls,. geveral reactors with rising - SRR

e DTOgSN= - - B

ation mey be ccaducted with nore or less hydrogen, even U5 81 B

so littlie that only about 2 to 4% H,, based on the dry, ®sh- .

free food, is sbsorbed. -

Tho prdasdr'oa'employéd are, as usual, about 50 atm. or .

“mope, a3 for example, 300 to 700 stm. Tho thruput is 0.4 kg
of solld foecd por liter _,rw‘cticn space per hour, Or more. .

The catalysts known to prossurs hydrogenation are
properly used, 28, 8.8. tine metals of the 5th to the 8th
groups of the psriodic _system or their compounds, particular-
1y theilr suifidss or oxldes, in given cases together wvith:
‘balogen or metalloid halogenides, such a8 orgsnic halogen
compounds. - Tin and 1%s compounds have also proven to Do good
catalysts. The use of carriers, guch 88 brown coal Grude-
coke, 13 advantageous. ln B3ny CIBES. .. T L




(1letdotn)

‘of the residue can
without previous d

e ) 0. vith niddle snd heavy oil 1s
‘uged di. sting now feed meterisl without ‘separate

= . ing: the ‘solide, . The other portion, ‘not required for panting,

15 freed of 1ta solids by centrifuging or ‘£41tration and used

' - directly as fuol oil, or further hydrogonsted to ‘gseolino or . -
idlesel.j0ll, . .or. advantageously slightly onriched vith By for
. superiopr fuel oll, or used for ';aqma_,gtha:';»pt;xfpose,u:~‘. i e

o be mure’,‘é prossurs Ahyd‘rogenaﬁionr process ,"m'vl‘iiohﬂ-. ’

coal paste is drawvn from the hydrogenation zone and returncd SRy
. 'to the preheater after sdaing frosh coal paste, is already -

, this oporatlon 1s not for pasting the coal,
ration of the catalyst 1n the -

tins«mmthiswcase,,,iamgqt,_gone, with L :

Jetion of tho reaction PR 11° § A R e

which contsin aoiida. : Lo

, Bituminous cosl 18 pacted with an equal quantity. of a

mixture of 35§ middle and 658 heovy oil and solids (see

below) recoversd ‘in prosgure byarcgensation and hydrogsnated
under ¢ prespure of 600 atm. snd & temperature of ¥75° C. in
the presence ol 0.06% tin omlato and-1,.15% azmoniun

" chloride, bascd on the coal. The thrupul equals 0.5 kg

coal psT Jiter reaction spsce DET hour. In this process, 3
perts of oil &re newly formed for 100 parts of coal charged. .
Ge.goline, midéie o1l and pert of the heavy 011, together vith
the hydrogen, are Gravn 4in vepor form from 8. catchpot held
at 460° C. and connocted to the peaction vessel. The hidrO- ;
carbons are ccndensed, the gasoline boiling to 215° C. (12% -
besed ca the cosl charged) 1s distilled off and the residual,




11 anﬂ roaidub, : ‘ -for pai
cut‘»rmoving;tho ‘golids. . The" : rt,. containing 615 oil ,

. coal charged, 1s: froed. of. ash; “tnconverted
Jwtalyut by centrifuging © The oll:is. h{&rogenatwd
a pressure of 600 atp. et &4 tompomture of #70% Co o with 1%
of finely distributed cetalyat;: conaiutins ‘of molybdilc acld
copbroun. coal Grude (coke) An such a manner that the a.nphnl*f
ro-reduced. - This ope: 'a:ion*yielda tabl Y
» und caugss no

‘ Procoas for the’ prassura hydrogenation _
.7 such. 88 bltuminous cozl, brown coal, oil shals; or paat, .. "
using a portion of the ‘products of hydrogenation for paut.ing .
“the feed materials, “characterized by using hydrogenstion
" products, consisting of middle and heavy oiles as veoll &8
‘asphaltio and aolid residuea, ror paating.
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£ now.been discovered that. ead
producis’ ars obitained by press
'uarbomceoujagfucls,if. gases frec Of Or poor inm Xa &

“during the process at ons or more points behind ths rirst
+third of" the reaction ‘gpaco, ata. temperature: only. slightly
‘balow the temperature in the ‘peaction spaco, in. such quantities:

t. 0

hat the Hp partisl prossure

S %9 be sure, it 1s already
“-om eliminate an ‘undesirable riso
_4introduced iato the rasction space
.at.a_temperaturs below that in the resction
eonditions that cooling followsy -Howsvyer, 8pec

‘been taken horein pot . to reduce the hydrogenation gag sc mu

' ‘that the Ep pertial pressuye w1ll drop below about 752.:-

‘.. On tke gconirary, this {nvention does not attempt to. .- o
“pagulate the ‘tenperature. - -Rather, In order to gein the above
o pamed different objoctive, it 1s necossary to reduce the Hy
.. . ..partial pressurc more than in the mown "operating method -~ -
-~ pPter an-sppreciadble hydrogenation bas taken place. =~ .- %
- - - Thne operetion 1s performed £o that tho crushed feed -
: materials, ©.g. bituminous coal, brown coal, or peat, &ro
m-.-.ww_m_wm_v«.pu%umanm_oj.l,,Wapg:h_wgg_pegvy oil, or, better still, &
T middle oil, or <7ith hysrogenatod mulvti-~ -hydrocarbons
or mixtures of those substsncea, in the proportiocn of, €e.8. -
131 or 1:2, end treated with Bg or-¢ases rich in at temper-
‘atures hetvwecn about 300 and 500° C. and pressures tween
50 and 1000 atm., particularly 200 to 600 atm., preferably .
‘in the prescnce of gatalysis. ‘abous 700 .to 3000 n’H,, gener-
ally 1200 to 2500.m, &re injected per ton of feod miterial, -
race of agh and vater. o : S e

Ao e

: After partial hydrogenation baa ¢aken place, i.e. after
" tme reaction maserial hag passed thru more-than , 88y 1/2,
. of the rpeactlion spice, 2 gas frece of or poor in Ep, such 33
~ Xp, COp, ateam or & portion of tbe hydrogenatlon gas coming
off  the reaction veszel, pocr in Hp and containing gasecus
hysrocarvens, is conveyed into the rozction vessel thru plpes -
cornected to ths reaction vessel at these points, at a temper-
‘atcre only *1igatly belov tkat inp the rsaction vessel, say
~about 50° C. It is hepeviil gererally proper, but-not.

P e -

e




' Pimely pulverized Ehenish brovn cosl is Grenched with s
P adle oil, boiling at 200 to 275° C. and obtained by

" pressure hydrogspstion from the same ccal, in the proportion
*of 11Y.  One-half pert by volgnt of the residue obteined in . . e
‘ “coal hydrogenation and 35 luxzmass to.one. part/weight of cosl .. .. . .
. are 8l o sdded to tho pastes “Phis-mixture, together with . - .
" 1000 m’ of 988 By por ton of puro cosl, is "heated to-%25%.C, -

" ‘at a pressure of 300 stm. in 2 ges-fired preheater and then 8
" sonveyod into an. enlerged rouction vessel. After 1 hes o

smmm@m.,;mwia_,,hi.njch;‘ggl_winto 1t at a tomperature of 310° C. The :

paased thru sbout 2/5 of the roaction space, 1400 m’/t pure
coal of & gas containing 25% Hy besides hydrocarbons, CO and

C0y and obtained in the oxpansion of the_ product of reaction,

partisl pmés‘&iii?’e"“fiﬁ”’t‘be‘""?ssctivn‘wcnelwiu-»mwta,a ontm.',,..mm.w;ﬁi.‘w,w;
. one-half theredy. The procuct of reaction is then split in .. - - -

 a catchpot kept at 510° C., whoredy ‘the wvaporous producis
pugs off with the Hy. . : S

. gme coal is 95% convorted. The oil recoversd consilsts
of 5% gasoline, 53 middle oll, 0% of oils boiling above -
“275% ¢. After the portion required for pasting fresh coal -
bas boen separited from 1t, thoe middle oil is added to the
high bollling roaction product separated: in the ca%chpot and .
this 1o then fijtorecd at 200° C. and 8 atm, pressure. A thru-
pxé: of 700 kz/=° f£iltsr surface/h 13 obtained in this oper-
a [<3y 39 i
) ‘If a gas cont=ining so much Hp that the partinl H%
pressurs in the roaction space is reduced to only abou

T5%
15 injected intc ths reaction space at the given point under
- othsrvine equgl conditions, a2 product is obtained m::n is

e




: ® for ‘the' pr@ssure J:1
1 or peat, with the: injection of: gaae
‘at a- tempersture*anly slzghtly below that: 1n tho re
: behind ‘the Tirst: %]

_or loss. ,
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riicularly good I !
onpainingxsolid{metalloids
1 -.‘o'ﬂi;'t_l_xe_.lsthxgndfﬁthi- i
: 6s | .or. phosphates of
. ysts. . The ‘catalysts differ
increased spllt ng:and hydrogen-
:islpanticularlyjevident‘vith,thé.“
‘const: entsﬁdf:the;feed:materi 1s. The '
_ f“importance;%for«exampleg;ln*tho@ sing of
highjboilingvfqu;material_ tolmidd1e”o11.Bith recycling o
e constituents ab0vg,the?and voiling volnt of;the}middle,:
oil”*becausegwbesidesisplitting; ferergachin34hydrogenation.
S .plece whehfthejqatslygts‘mentionedrare”used;;even;atﬂ'
";high*temperatures,.SO_tbat no Hp-poor producps'or,conden# o
“.'gation .occur 1n,the,q9§gt1tuent'continuouslywrecycled to.the.
" ..reaction vessel. - The catalysts hsve this further advantage :
; *0d . sri’ below the bolllng range .
.. of the-{ 14 t ' ted with Ho. For .= ..
-example, in the processing” ridd:e. 5 & _vapor phase

. oo oHe-poor gasolines ar produced, anc. in the,process;ng‘of’hi
*#%wm@wmmmmmhoilingw£eggwmaterials in the 1iqu‘d phise, E5-poor middle
S .olls and low(ﬁbiiiﬁgfhsﬂrcearhcna«mre@cbtaine ,_¥nile the
+ ~higher voiling products show an apprec: 2bly greater Hp-con
‘than the feed mterial. . ; Lo
The most important halogen compouids under consideraticn
are those containing carbon and hyarogen, particularlg.tho ’
wromine snd chlorine compounds , g, L' example, carbon-
tetrachlorids, chloroforn, jodoform, " romoform, the chlorine,
wromine or 1odine compounds of Yvenzol naphthalena, soluol,
xylol, phenol,‘cresol, anthraquinone .nd nitrobenzol, as well
aa methyi-, ethyl-, methylene-, ethyl;ne-chloride,‘bromide or-
" 1odide, &lso fluoroforn, ?1luorbonzol nd fluor-naphthalene o
substances containing the3? coxpounds

"Kalcéenfcompounds'of;salid metal .oids other than carbon,
particulsrly of phoaphor, e11fur, s231wmium, tellurium, arsenic,
uutimony,'silica;'titanium, zircon. or borca are also very
effective catalysts, becaus?2 they csriain 8 hapny cozbinatlon




-was :that-parv.ci 8O S : v
: ‘halogen compounds :cqntainipg',solldfmétal_loids',ttog-" i
gether With ‘compo! nds of the metals ‘of the ‘5th and 6th groups:
of  the- periodic system .or oxides; sulfides;’ or ‘phosphates:of
other.metsals, are used as catalysts.. These’ atalysts differ
fromithose: known in their increased. splitting-and. hydrogen-. ..

“‘ation effect. ~The latter is particularly evident with the
highest. lecular conatituents"of the feed mzterials. The
- process 13 ¢ ix"npo:_-t;ance‘";“““for"‘“e_,xsmple,-imin----t.ha,j;pr'oce‘szsmg,_’jjof
high boiling feed materisls, to middle: 011 with recycling o

the constituents sbove the end bolling proint of the ddle .

" 611, becsuse, ‘besides splitting, raz{4'1'each1ngi'-hydr_p’g’éﬁationi :

. takes plece when the. catalysts mentioned &re ‘used, even at:’

high"tempera,tures-, so._that no Hpo-poor products of conden-:
-sation occur in the constituent continucusly recycled to-the
“peactlion vessel. The catalysts hzve this. further advantage:

that the split products of reaction belov the bolling range

. of the feed materisls are not setursted with Hp. For:. .-

- example,.in the processing of ridd e oils ir the vapor phasc. .

Hp-poor gasolines are produced, snc. in the processing of high .

e .feed materials in the liquid phise, H,y-poor ‘middle

© oifls-and low boifiin“g”‘liy'drocar”bcmwmwbw:in y~shile. the...
higher bolling products show an apprec: sbly greater HEp-cont
than the feed materlal. . e : ' ST

The most important halogen compounds under consideraticn -

‘ ape thoss containing carbon. and hydrogen, particularly the ‘
wpomine snd chlorine compounds, as, { P example, carbon- '
tetrachloride, chloroform, iodoform, ° pomoform, the chlorine, . =
npromine or iodine compounds of benzol. aaphthalene, toluol, o

xylol, phenol, cresol, anthraquinone nd nitrobensol, as well
a3 methyl-, othyl-, methylene-, ethyl me-echloride, bromlde or-
-1odide, slso fluoroform, 2luorbenzol -nd flucr-naphthalene or
substances contalning thes> corpounds :

. Ealegen cowpounds of s>lid metsl .olds othar than carbon,
sarticulsrly of phosphor, salfur, s>lmium,, tellurium, arsenic,
autizony, silica, titanium, zircon o borc:a are also very
effective catalysts, becaus: they c¢or «aln a hapny coxbination




tribromic
ulfinr~mo
3 h
rgdhloride,émondb
senic-trichloride,
ide, . oride,-pentachlori 1br .
rilodide, - LY 3. j'*"as;vell*as”met&l'Orfammonium-
ellurium-bromide,-lodideior. chloride, ‘the ‘corresponding
.antimony;compoundz,ﬁor”ailica rach - oy hydro
this invention, the halogen comp ds @ ,

: g Lo : : unds i
~used;togetherjwith‘compouﬁda~pf metals of. the fifth and sixth -
if*groups_ofxthe’periddic-uystemfop-oxides,ﬁsulfides-orvphésphntea;y
of other metsls, as,*fon:example;ithe'oxides; sulfides, nitrides,
“phosphateamandwhnlogeuiden; anadium, molibdenum;'tungatens
* _chromiun and uranium,,and.th oxldes ”sul‘ides?or”phosphatee
... of copper silver, magnesium, gink,;tin,“cadmium, ailica, . .
B _aluminum,a;itanium,vmanganeaé) nickel, rhenium, cobalt:or irom. .

s Feed aubstences under consideration are brown cosl, bit- o
T wnineus cosl, peat, oil shale, tars, mineral olls or their o
. fractions, or split or pressure hydrogcnation'prcduots.- These -
L catalysts are also very well sulted for processing aspaalts . -
and resins, as well as for refining'or‘improving,hydrocarbon
oils,; such as gasolines, benrol, middle oils or lubricating -~ -
: oils,“and'dohydrogenation of_hydrpaarbons; e :
S s P9 - pO8CELOD,- 10 the. 1iquid &3 ¥ a3 the vapor phase, -
proceeds under the usual sonditions of pressura and temperaiure; -
u.gi at temperatures from 250 to 6000C and pressures from 20 =
%0 1000 stm. ' : Lo - S

The catalyst is added either tefors entry into the preheat
zone or during the preheating or the reaction. - The.constituents
o the cstalyst mixture may be added to the substances to be
treated at varicus points. The use of carriers, such as active
ccal, pumnice, adtive silicic-acid or potiery fragments 1s also
of advantags. It my also be sdvantageous tc arrange the
non-halogen constituent of the catalyst, if solid, by itselfl
+n a fixed positicn in the reaction vessel and to pass the

- reod substances with volatile halogen compounds over them. .
. .Liquid halogen compounds Ay sipply be mixed with the substences
"+o be treated.  For exarple, coal may be drenched with tke
3iquid halogen corpound, vhich guarantees an excellent distri-
bution in the hydrogenatlon subatance. : :




J ,The;_qnantiti?;
its of 0,01

hydrogen-halide, - . : hydrogen-bromide.
to: the hydrogens : ok .should be. us
ondition in:orde: : ‘
ulfid

e vapor phase;"

middle o3l.. A further advantage of the cau:
in that the:feed substances mixed with them' £

‘tion products, as is.often the ense with the use of free..
. -halogen, such asz: {odine. . When the desoribed catalysts ar

used, & high grade anti-knock gesoline and & middle oil :.

“axceptionally rich’ “An-hydrogen-are: obtained ;ivhich later can
‘be used as illuminating or di{esel oil or may be recycled to

' ’the"r__eac‘t'io'n' vessel for complete conversion to ‘gasoline.

~ """t 1s,to be sure, elready wmown. that metallold; such es
‘carbon,. phosphorus , arsenic, tellurium cxr halogens, in: free

or combined form, mey be used as oatalysts in the pressure S
hydrogeration of coals, tars &nd mineral oils at-high tempera- .~ .
tures. - By comparison, according ‘to this invention, certein- -

halogen compounds, namely those with solid metalloids, sre ..

. used together with certaln other compounds. The particular

L TR R VTRRPHE SR S S s

“advantages of these ocatalyata may be seen in the following =~ - .

exsmples. Compared to the known use of metallic halogenides,

“they hevo the-sdventage-of-lover-polymerising-effect,.partlo.... RN
cularly in the processing of &sphaltic aubstances. _ L ke L

Exacple 1. . Ll

Central Gerzan brown coal is finely pulverired and

drenched with a solution of ammonium-wolybdate, 3o that the -

coal contains 0.02% molybdic seid. . The pulveriszed coal is
then pasted with an oil bolling abova 300°C and obteined I{rom
+he same coal by pressure hydrogenation in the proportion of
1:1 and, together with hydrogen at a pressure of 250 atm, -
conducted through & gas-fired preheater, in vhich the sub-
stances taking part in the reactlion are heated to 355°C.

Chlorcbeazene is injected 1lnto the reaction converter in such

a quantity that the coal paste in the convertier contains
0.1% chlorine. Ninety-five percent of the carbon lnput is
converted intc valuable hydrocarbons. ‘The asphalt content




this mizture thru. the reaction converter,.& ‘product is ob-

tained consisting of 50% gasoline. with heptane and. 50% of
~piddle-oil-with.a Jalgher: Hg:;contpnp ‘than the feed oil

. -pnd vhich can be used for 11 dfesel ol

- " In place Vdf,fefhﬁléne?(;hloi‘idé,"_.é{hyieﬁé:-fbroxﬁid )
' bromoform or mathylene—'bromide ‘may also be used.

7. pituminous. coal is ‘finely ground snd mixed with 1%
finely distributed ‘iron-sulfide. This mixture ‘of catalyst

‘and powdered coal is then mixed with 8 heavy. 01l originating
from the gsame coal in the ‘proportion 1l:1 and, together with -

'Hp &t & préssure of 250 astm, heated to- 360°C 1in a gas-fired
‘*coi‘.‘:"preheeterzw-Thewreaqtmn.‘,feedhthen pagses intoan -

. enlarged high pressure ‘veasgel,. whore 0.1% arsenfc-trichloride;
based-on the coal.paste, {s sdded at the inlet. The carbon - .
in the coal is hereby: converted gk into vaiuable hydrocarbens.

" with an sntl-knock value correspornding to'a mixture of 765 ‘
jso-octane and 24% normsl octane. The esphelt content of
the reszicue is reduced sbhout 20%, corpared to working without
arsenic-;trichloride. - ‘ o S : ' s

Ezauple L.

Browvn coal 1s finely pulverized and drenched with a

1on of ammonium-molybeete, SO thet the coal

% molybdic aeid. The coal is then mixed with
a heavy oil originating from the same coal in the proportion
of 1:1 and heated, to ether with Ep at & pressure of 250 atm,
‘in e preheater to 4557C. The substances participating in :
‘the reaction are then conveyed toc 8 hydrogensticn vessel
after sdding 0.55 sulfur-porcchloride, based on the ccal paste.




‘the cosl contains 0.06%
:The:scoal C E ‘pasted with a heavy oll.
ipinating from the same coal in the proportion.of 1:1an
“heated;-together: with Ho at.a pressurs. Catm, L
. ppreheater to 460°C. In the reaction conv T ted
“‘the preheater, 0.3% _selenium-tetrabromide is added: to the
< 'coal paste. Ninety-six percent of ‘the carbon in the coal
“hereby ‘converted into meinly liquid b drocarbons. .
pmf.l_.»ta«}-content;‘-:isT,..raduced ; [T t
: eleniu’m—,tetra‘b_ro_mide. :

. Hannover crude oil boil g above 325°C 1s MXedvith P

" T2 alupninum oxide and together with Hp at a pressure.of 250

atm, heated to 470°C, ‘and- then conveyed into & reaction con- :

verter.  Before entry of the reaction feed: 4nto’ the-preheater,

. 1.5% ethylene-bromide is added to the crude oil. The product .

Toleay the converter consists of Sgg_high bol residue - :

~‘znd 90% of a distillate of wvhich: boils to 325YC. o
reection 1s conducted without the addition of ethylene-bromide,

oy~ 856~ of-the-feed.can.be.processed : e '
timo in order to obtain the same. resul PR

‘Lxample 7. B . o

: A Thiringer crude oil bolling &bove 3259C 1s mixed with

" 1% fodo-benzene, heated to 5600C togothor with Hp at & prea-

. sure of 250 atm, and conducted thra a high ressire’ vessel.
The liquid product of reaction consists of g;’: high boiling

residue and 92% of & distillate, 45% of vhich boils up to .

" 3250C. In order to obtaln ‘the same yleld without lodo-benzene, .

The thruput per unit of apace and time could be only 755.

Example 8. -

High volatile Runr coal ia finely ground and drenched
with.a solution of *in oxalatse, 30 that the coal contains
0.055 tin oxide. The coal is then pasted with & heavy oll




“If: the  vapors of. middle o1l 0 :
by pressure ‘hydrogenation are passed over:
hloride -together -with-Ho .at.e.pressure;of. 20
emperature of 4300C and. 1% ethylene-chloride
the feed before entry: into the: fon* er, & )
413 obtained cnrtaining 52% constituents g to. ST
,I1f tungsten-hexachloride. alone 1s used; a 'product.c iug
oo ho% ,’.boiling‘:to:l.BS?c 1p -obtained, and 1¢ ethylene-chlorido
- .-mlone 1s used, & product ‘eontaining only +15% ~constituents
. boiling to 185°C is obtsined.. . - R

~ Patent Claims.

I I <‘Proce§a't“for the.

EEE R pressuré Vhydrbgéné.tibn:dfgéoals-," tar .
" and mineral oils, their products ‘of distillation, splitting - .-

”““’":“‘“’”‘":’*’"""””"*“T‘“‘”“‘”““and"’"axtmctivn-;-*:f;s’-?wellmaswrm,;mmthemg‘pnea,encemggmggygv, e
- 1ysts contsining halogen, chbaracterized by using halogen R —
‘compounds containing solid wmetellolds, together with compounds -
of metals of the fifth and sixth groups of the periodic system,
or oxides, sulfides or phoaphates .of other metals, as catalysts. o .
>. Process according to Claim 1, characterized by using s
 halogen compounds containing solid mstalloids, which contain -
carbon and hydrogen. : C . L




¥apors.of. the liquid

(D

. of
ytion plant consists of
700 §elas o

Fo !

sed, the main product belng middl
‘the vapor phase, a splitting catelys
v tgre{:ab§u§?500'401‘§ 930° us

',np_wmgm g§s7§¢fj1é1és,ahd converter Space requ
attainable,vheﬂfthﬁ”liqqid*phsaarisvdperatadmunder

:eonditions;that'the.new~formcd'oilvconaistapof out 25%°
_ ' gasoline, 253 middle oil snd 50% hesvy 0il. Tho presence of -
‘lrhcavyfoil‘necebsitatesgthe;use,oﬂiaxvapor'phase'catalystﬁuith
lecas @ 1itting,and.moreihsdrogsnating‘activity'vorking%ﬁthé&
“about-“50°hc.~fTo;convertytheﬁproductjfrcm]thia[caealyat'into

‘gasoline, oither a separate splitting hyarogenation step or

) -a?catalytic=crack1ngfstep.1a:provided,f;Infthe latter caeo, . -

~¢the eracked recycle oll 15 rehydrogenated together with the
e0al 93k, IR e S N TP B

In the proposed flov diegram, one part of the gsses end - -

-phase hot catchpot 13 dlrectly (without "

.pressure release conddEEE&”iﬁtG”thé“gas“y%ﬂsevﬁw@hemothaPWMﬁmﬂm@mww

" part i3 cooled 2nd aftor removal of liquid phase gasoline and .

naphthe, which also goes'intO-the‘vapor.phase; is used as - .
pasting oil. ‘ = g : L '

' The pfopoaed‘élternntive‘offéra;thbmposg;bilipyvpo .
produce high cotane diesol fuel and to recover phenols with~
out an qauen;ial change in'tho floa_of—the p:oduCts.

The following Table I contains the cssentisl data estimat-
ed for the throe differcnt flow-diagrams. Fupther details are

listed in Appendices 1 - 3, and for the catalytic eracking in
Appendix 5. : S C : C




N\m‘ber of . stall-' B
“Converters in ea,.: Lﬁ stall .
Convorters. in ea. V;S Suall s

Pasto pumps tonne/h
¥.Ph. pumps. ton.ne/h

: :.otal mjectic gonne/h
e RO CY €18 - 388,107 L/VPh..
Distillation tcnne/h
-~ Catalytic cracking, to el : o
thruput tonne/h/bbl Jaay - B .‘ -

_ y Incluuing polymor-gn sol..no. This yield can 'be j.nc*e&aod by
about ‘2. 5% using alirylation instead of polymerization‘

2/ 0"0., 760 rm Hg., gased on b4 abcorbed + 15,: loss.

74 Splitting phase.
f';/ Bezides 390 t/h to be aistil led in eatalytic cracmg

ﬁ/ Octane numbor may be beutered by use of inproved catalysts,
_ vhich bave been used in czmll acale work. -




- Composition of nabeormed
S ﬁ—zoo C.s 392 F.
200e325 Ciw BATS Fooii RIS
-325° C-G 517 F-.Mm‘-,"w A

Yepos Prase e e
ARRRESEEEE T U alphides Silicate EEE

catalyat . w on Alumina.Support °% -
‘ Gasoline 4 l.hr. T 0.4%5
- Thruput kg l.hr. ' . l 5 L
e 5 A B KB LR 2.5 1.5 ,
‘ % C as gas/gasolino + £38 I (T R L
i fs Ces gas/total thruput S15.5 3.5 . 15.8 - .

e Includlng evontually recycle 01l from catalytic crackling.

e =

s o For ﬁresaturated oils.




5 kg.P.O."//,iv.f.-.
22 kg.P 0.':f =
‘ 11 Lg.Residue e e\ 80 k “R. M o.-' :

(7 kg. SOl.-—xr‘LS Oils@r% 301.) N o, ogkg C as gag :

' Litora converter vol. per C
 100 rg.maf.conl * 100 ka. ggsoline

Coal thruput 0.55 = . . .--182
Gaaoline space time yiald 0 122

N Tt A A T AT
bt T B T s e - L ST L Rt o

Hydro;en convuaption—/ po*

xg. absorbted
losg (15%)
Total

_/ Grams net I/100 grams Cx Coel &.3, coal residue 4 3,
3asoline 15.0, Gas 25.2, H.O.Ioss 9.0.

~

_/ Process deac*ibed in paper.




17 Lg nesidua e
. 1.4 33.011 =

Stol..t'cing ‘
V. Ph i, 0 x3.
Lo :C as Gas

g | .
- 39.7 xg.necyclo‘o;;

o

19.4 kg gasoline

L zta.'? kg. gascline

xg. gasoline




onverter vol

P
100 kg.gasoling

Total m’

T T/ Grems net‘"’ ""E/IOO"WC ~¥,Phe gssonnewlﬁ.l...t}plittingw -
V.Phsse gasoline 7.5, Spnt'..mg V,Ph. sas 21.2. B




Nodified

°Sol,li kg Oiln
SoL. : g

?
Vapuh. ——-v-l!».B L{, C as Gas

26.4 kg, %solme/ 99*2 kg, H. + H.O.

27.2 k5. -;avoline-«——— Fluid ‘
o © Cat. c;-.«——ls k. gasas
‘3.1 kg. Poly. " '

b
-T5.7 kg. Total " 61,8 kg. Rec:;ple 011




Continusd)

“het "100 Froniing !‘*“"Mro-gaso..inowlb.l,«vap“h.ww,‘
,IA. + n 0. 15 2,‘ rac'ed ﬂenxcle 03.3. 14 .00 ‘




 ‘:°3Gaso11ns (04 f'ee) ‘  3

rcle 011

: a- Rosidual ¢
: “oly-gaaolzne

e O‘"! 04

‘TOual zgsoline .

‘% Loas/10# gEBOL; + Loaa'

_nLoas/total

.‘Gasolinm Sp Gr.
$~100" B
‘E!.l{ R

Cycle 01l Sp.Gr ‘
50% PO,

;30 5 nau 5
28,5  23.5
18. 5 16.5

B

0.75 o ?:'
/99 81/85

30.6 24T
27.5 24.5
13.0 17.0

S N S L D S S S

'°‘75, 3.75“ -
81/9; 3 /95

S s B
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. Lerigth of catalyst bods: RN
. poa Mes v . k. o.2. B B o 5.,
Length - - L B157 418TYI1N527

" % of catalyst 1% ‘ 16 17.717.8°

bt A et e e

This gives the {ollo siacificxaati.br:

5.0 3> injoction ghs/kg. total foed
133 kcal heat of roaction/kg total food.

“The hoat content of ‘1 kg. total feed and BVnﬁ'injectiohif"f“"
gts being 1.6 keal/°C., the tctal temporature inercaze of $ho .
reactents, due to the heet of the roaction would be %zé = 83°C. .

: For_a temperature reduction of 1°C. of tho resctants
* 0.0116 ©¥ cooling gaAS are NeCEssATYw - A :

in opder to compute the iteuperaturc iacroise in cach bed,
‘the eurve in Figure 1, for the d&lstributlon of. the heat of the .
reaction,in the catalyst, was used. -Thiz curve was derived '
. fronm. 380 atm, operatlon in wvapor phase, RO actual &ala for
the 700 atm, vapor phass being svailable. 5o tezpsratupe of T
450° C, was chosgh tc somo exient arbitrarily as -tho norzal
roaction temperaturs, 2nd with tho noat of the reactien from,

C ale




2nd’ thecoolingigas
‘ted.  ‘As thig distribution of

a ﬂelati (o8 ue and ShOV R (v & .
chanﬂed rcaction rates. ln che indlvié 1 ‘@da.

“,

of the. caculynt ot

. Therolore, the figures in Table 2 87 sl

. the eatalyst 1in this hed hns only nov o;’
PLson to. ;able 1..

S Furtbnrmoro, Tnbl@ containu dﬂbB.DSEGO‘ a.t :
dlutrlbubion curve from Flgnﬂe 2, where. the &maunt of: rea cion
in the first two beds 18, &”biu"ﬁ‘ 7. reguced 1 ; S
~vocmparifon %o Plgure 1. "Tanle k. conuainﬂ Tigures Lased on
Figure where the hocat of red _ 5 bed. LB assumed:

%o be 255, ‘and in the recond bed 107 s
correapcnding beds ?igure 1.

. In't the follo"ing Te

mnperature ‘gistribution from Toble 1 te ﬂ 3 umm&rized.
Yhese tables contein elso’the eptimated-inc se 6f the outlet
ucnpcraturc. ¢1 the iniet temperaturs of ﬂn:lndﬁmicual bed
riges 4° C. Theope éate are & mesczurc of ihe rslative tomper-
aturs stabill uy of cach vocd. -Fhey are cbls ircd from Figure :
5, thic being Gerived from rFigure &, scouning constant activity =
over ono bod. Lro Chtho tcrpernture of the bed will be obtaln-- .
cd fron Figure 5 by Cetermining the abscicos length corpospond-
ing to the ten ;eratL”e Lhcvcszc in 4tre bed andg coplying the o
uaro sbeeicse longih ¥l e folcled ¢nlcb4»cupcrsture. Ag

ke temporature ¢ ¢ X o Figere % vas used for Flgure
5, the obtaincd CempursSture TiCe ke ured for comparizen.

‘ﬁwwmrlwmwwemvw«%--ﬁ-ww

obtainable w3
An increass of
the outlet Semperatire Ly sn C°t*"1bea 30°

recessitate_sn Inercssc of tke cooling f&, cuantitv pefore bcd
2 of 0.22 w’fizg. votzl ‘ceg, CG“&@SPCEQLE» to TOO m /h£
25,000 £%.” : .




| -r'om
(c) Flatter cnrvc (See Table B(b) and Figure 2)
o K81 L,uTu96.5 15. 5 '

iy n82a5Mw......ﬂ.mwmw,;thT 00 12 S

L, BBk 97”0"“*13“0“"“"
5 - 485.0 '397.0- 12.2°
6 Z&86 0 S 498 5 . 12.3°
Toml . ' ’ : «V

(D) Steepcr curve (Scse Table !}(b) anﬂ Figure 3).

bk 492.5 j . -
478.0 . %35.0- 18 . 0.17
»8%.0 510.5 16.5 0.1h
482.0 - ~ 501.0 12 0413
393.0. . 503.5 ' 10.5 T 0,09
395.0 . 503.0 8.0 0.10
’ - . A 8 2-0 ’ 653 .




d-by: , 24D
(B){vhore catelyst:
the stablli
s T 1

o5 more. Btable
- those. in the:

ol By .8 preduction of the size of: the beds
‘ment of the temperature ¢ontrol in- ,
Hovever, this would mean poorer: tompere

(B) ana (C) end px’»obab_ly-no‘improvment‘;_in“

< -+ ghe above given dsta dpadicatos that the oporation of the.

| Louisiana- vapor phase ‘gtall with sixz catalysti. boda will require - ..

- ‘eapeful control of teuperature,; ghruput, end 26 ,.especial_ly
cooling gas quantitios. In order to improvo tle temperature
gtability of the firzst ‘eatalyst beds, an ‘4ncrease of tho gas-

_and procycle feod rate should be possible. - T

s embinin i o

SRR TR SRR E

% . o p B A AT i A i M R e
I

The svellsble data for the”d".{s”ﬁi‘buti’on“"cf”twheabﬂ%ofm-
~ peaction are not vory exact, Thoy 3o pot scem to indicate:
that & ohange in tho design bed sipe would gilve &n overall
“improvenant of tenmporature performanco. : : ‘ :

© In the-appendix, somo dats. for & geven=bed ‘convortor &re
gompared with comsponding éata in CGorman plaats. - As ‘the
aata for the heat of tho ._reaction,-a‘cc.,"uaed in this ,
comparison, dovinte to some extent from those for the SR
Loudspiana flow shest,. thoy are elso not directly comparable -
with the data used above. T LT ’ ST
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. {fe“i'ociﬁ'y':':'éﬁ/ueé. I G R N ORI P
» (empty,convertqr)‘" 5 1213 - «~j28-na,;”,v . .18-28

se_ figures sho¥ that the total hest.of reaction and,

‘.therefOre,1fhe”tdtal“tsmparatureaincressomduringmthewneappipn

o, are well within the limits used in Gormany in commercial -
operation. Hovwevor, due to the small number of cooling gas . --
introductions, the averago temperature-iﬁéreaserperﬂcatalyut--
bed 1s higher than in any other cormercial stall. At the
same time, the vapor velocity is emaller than ‘elsevhere. . That

_means that an operation at dosign thruput and gas rate will:

. necesaltate a very careful control of the reaction tonmperature,
which is possible only with a large. number of thermocouplea.,,

o To demonstrate vhere temperatures must be measured, soe
© Pigures 1 and 2. Figure 1 shows the dlstribution of the heat
of reaction over the catalyst in & 300 atm. vapor phase stell.
It can be assumed that a change of this curve for the 700 atn.
operation will be small and without noticeable influence on
. ..the fuprther conclusions. It may be seen that at equnl temper-
ature in the first of seven catalyst beds the heat of reaction
18 26% of the total in comperison to 4% in the seventh bed.
Using an equal average temperature of 490°C. in each bed, the

Qe




‘temperature. in: ot 500=502¢ :

“that aivery carefu 0l and measurement of all.thes

temperatures is ne BODY . 15 1s éven vorse if during

operation. one of the- t beds, (e.g. bed No. 1, Figu
(c) Yoses 1its activity.. . ... : R

SInRE 3, the behav 5 ) ‘1 and 4, Figure:-2(a)
”andfFigufewa(b);_are:shOVnyinjmqre'detail,v;Furthermore,‘the
..jarefcurveajshowing;theachangefin4ths-tamperaturezgradipntiif';,_1
" the presction temperature at the' entrancs o:'eaCh'bed‘is‘increas-i
ed.by.2°C. (broken} ana 5°C. {dotted) respectively. These . '
‘results are summari “the following tabled

Temperature ~Rice in Corresponding -
. *c. .~ inlet °C. rise in out~

' ~vl:T6mporature diatribﬁﬁiqn*j

.~ as-in Figure 2(a)
"  Bed 1 .

Temperature distribution
as 1in Figure 2(b) :

Comio g 7

The ¢&ata indicates that the first bed, Fizure 2{a), 13 In
danger, of a runaway, vhereas the fourth bed and beds 1 and &,
Figure 2{b), sare tolerably stable against temperature changes -
at the inlet. ' : L : .

. For the given design of this Z-bed vapor phase stall,

_ the sa-sty of the operation can be incrensed by an increase
of the gas rate and/or by using a scmewhat lover average
tempersture correspoading o a dovor spacs time yleld of
gasoline.l/ This gives the follcwing dats.

| .

1/ It may be remarked that the ineresse c

- paise to scme extent the phenol &and ba
products. -

£ the eas rate mAY
ge content of the

<10~




‘Temporature 1ncrease
;Total °C.
°F.

f(a_efage_po‘ith) .
" Velocity. in empty

: cOnverterj

The data for the temparatura distrlbution and bed

stabllity have been calculated for the actual bed size of the
" present. Loulsisns deaign and are’ presented 1n the first part
gof this report. .
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¢c) using ad “PREPiE ol ,evépbfating*amﬁnﬁia,
ppre=ovapc:aticn of nitrcgeg_ynder d{ffqrep press

"QThé:Jouié;TthSCnfeffeczﬁié,prbbérticﬁﬁl*. the pressur

' }'differencas;Mit»isﬁthereforevdesirable tcfexpandTvery'greaﬁly.;roﬁ’

& mozimim pressure; and-this~thagmore.so,‘gs:the.wcrk“of:comp?EsSéén
"increases -entirely as the risc In pressure.. The sc-called Stockes!

 ”, ,principleﬂscts'harevunfavorably,,aocdrding‘to,which,at‘highéi‘%:

pressures, cxcocding say 25 atm., the donglties of the -compressed
and the liqueficd gas—epproach each othor very closely, which =

. causes difficulties in.the soparatfon of such gases. Tﬁis“throptiinng7g 

results in a great roduction in the heat ‘content; i.e. as long &s
.gases.are.lin. the.superheated. state,.l.e..1ay.above. thelr. saturation .

. temperature, only cocling takes placs. On the other kapnd, in the

yicigity_of the saturation point,'therei13'on1y’11quefgction.:»~1,

Cooling by expansion, .with the production of work, proceeds .
extraordinarily economically. - It'is, however, not-readily : S
accomplished in our case, with the 1, C, and C, fractions pressnt

with the hydrogen, because expansion can only e carried out to the ..
beginning of the liqucefaction of these gases. The exranslon process
nas therefore to be carried Hut in our case in several steps, with
intervening liqucfactions. 7Thim 1s howover not econcmical, o

II. Cne basic reguirexent vwhich rust be_unceﬁditicnally
adhered to, is 83 follows: all the compenenta ol the gascs to be

" .3eparated, vhich may be obtained in the solid Térm, must be

corpletely removed before the start.  For this reascn, 1t is
necessary to equip ccke oven z83 separation unifs with water and
- godium hydroxide scrubbers, io remove all.cf the carben dioxide..

~631n*curzcaaega:;argeiyazgp?sqrubbﬁr;waswnecgsaiiatedfby_theuggpd",,;‘

to remove acetylene, which is converted at -B80° ¢ to_the solid =
state, by-passing the liguid state.. o IR




the liquids se
tituonts will he:

11-be: re-evaporate

e oondénsed at higher. p

i gher. tempersiures; and separated.  The’
o be. evaporated mostly. &t lover press

‘temperatures.

A11 losses: of cold, une

oldable even wi the best in-

“asulation, are compensated- elthor at the temperatures &t which
lower temperatures.: ‘For this
installations are -of partioular

* ocour, oF, better still, at still

*" purpose, auxiliery refrigerstion
value.’ S L

Before laying out the

" glven careful consideration to using

there. the linde- .

de - Frinkl operates vith recuperators, %hich are run to the . -
plugging up, ‘and- ave therefore bullt: to glternate. This method of - -

. operation, wnich is particularly.
.air, would have bkad the veory grea

economical for the separation of
t-disadvantage in . our.cass, ofl

" requiring a large number of sntermediate fractionsations with the
.aiternating process.  Such a Linde - Frinkl installation may be .
bost compared with s producer, in wvhich large amcunts of -gas were' . -
to be discarded for the purpose of obteining pure gas fractions. - -

ERCEERNIEAS YIRS S—
SO S SN RIS RS NS SO S M oS

¥. M. Sternberg
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E m :a.:aia ‘gasolins, 1f. it is
SDYeRSVIES wm‘ogmaticn,,_ ‘ ‘uplittmm is-evoid
“pesgilles Forothis: ‘purpuse 1t 2 3‘56% togethior: 3.
‘e L abom, 30 to €EQ atm ‘oorartiel pressure of ‘tha gasol.‘um
' 8 5 AW erpsratures. botvaen about 460 and
thn prmencc ol ts.hle extalyets with a litting ef? .
~pozsible.. T‘m‘ric 11&1* 'y suitable ms such’ 5 Gege nichalar
cat« dysts,. o Eicu]nrlv thoie conimining both metals as @
vell as cttnlysts conte ining other swulrides or oxidus
ol 13 of the £L£h or siyth zroup-of the pericdic system,
" or both gm 3 by thémeelves or mizsd vith’ zulfid.:m ¢ oxldes of
. heavy metnls of the firgiiox™ oig,hth.-ﬂ-cm'a, ‘or both groups.  The of
© Iyste wag further contein aar}.* tions of non-reducible oxides, sucki a
zircon L shorium or eariu exide,; an woll es othcr a r.ions s or o
arplied . on omrriara. : e R :

f swcnng e w»mm h;mruwrb«.na ,“.as.m,
1 cecar sivulinncesasly with-pre
b"'bxad vitoue Loperties waat
1ds of the marx e 2 ‘.w“lluﬂ s high eatt-liaock values ho-
Natane numbsma 0.7 9 and absrsamy be obteinel in this mnaer,

<he waszollpe m2y evan ba Fesctly wied Lo
3 :;*rcmft.'"”;ne prodicts awre 2luo randily miseible with ethyl

Jl aleohol and i, theorefod), also bs ussd O lmprova gmso»-
. =h 1lsss zatisfao .,a*; prruart q.s.“.

- eximple, ths rmceu, 1t coaluotid so. that ‘citmnous ecoal
or wituminous cosl ‘extract Is miwed vith a high bdolling substanca,
axc: &35 the 1iguid residue from prsasurs hydrcgenntica, or thatl itars

r Nigh beolling bltux :a apal tars cp» residues arc Iirectly hydre-
5g1.,tcd undsr pressu in the liguil }..ua e, and the vapcrous products
gre sevatatzd from b residues and sondersed.  The iow bolling {to -
atout 2030\-) sons £itues t.u c? the.p siuct ere pasasd over & nickel- .

thngsmn catalyat et about 3839C ani an Hz pressure cf 50 atm wits &
rtic: pressure of the gasoline of 2.5 to 3 atm, wvhereby only a

ver:;r 31 quantity, not excsedipg.s . few percent,. is tranaformed intc

gesecus aydfuvcarbons. The gasoline ac itrestied possesses the super-uzk




by presaure ydr

about 4800 ’ ' 3ed ir
‘ ungsten-sulfide ‘andone'p 1.
1ckel-su1fide together 'withlﬂe' &t s. pressure ol 50 atm and 47500
The' proportio £ 14ix 3 Iit (1iquiad)

tilled feed gs ;
“the-gesoline cbtained aft‘er trestment re
‘colorless. I .‘contains 60% sromtic hyd:c-q

v diuappmax-ed. ‘I‘he tests e‘;ual uho@e 01' good commermal g;asoli_n

AL though 1t is knmm (compars Px-anch ‘patent . 7&98‘” 3) that pressure A
o hjc.rognnr.tior gasoline..s of ‘any kird may be au‘ojactcd‘ *ipatito & ro-
fining and suvbseguently. to.a dehy drognnating §

: a3 iant, this proc
did not offer the direct possibility of comd th two.hydrogen
t.rz,atmunts 1n+o one- ope ration.. . ..ol -

Pat,ent Clnim. S

‘Procoss for nnking good anti—‘mocf; gaaolines fro.n bituminous
' coal ‘bituntaous coal extractis, viturinous.coal tars o> high boiling
““‘““"'”"cm:s‘i‘“u**n“swof YitainoasTeoal oy by rressure - hydrogent tion-and
su‘baequpnt dshydrogenation at meder ataly hi -pressurse and low ‘
partial pressure.of the zasoline, aveiiing spli ting, if at all .-
pozsibie, .characterized by ssparating the gusoline obtained by prea- .
sure hjydrogeaation of seil subatences In the liquid phuse, -and de~
‘hydrogcnatinz it at tempevatures betwe2n about 460 and 510°C and
pressures of gbout 30 te 30 atm with » paruial pre&sure of the 8500' :
11ne of about 0. 5 to 3 eta. - — _
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ead to the formetion

in the pressure hydrogemstion vessel:

-1t ha “been found that solid, poasibly.
13.may be hydrogen2isd under.prassure without trouble, if a pas
11'1is used vhich hss bzen ‘obtained; from the residues of . the preszsur
Jdrogénation of such eubstances by mixing s“them-with:zaturated-hydr
carbons, normally liquid, ‘possibly under pressure, ei such a high
| tomperature that practically everything 'will dissolve.: In certain .
© 7 cases’ the solution ‘ocbteined may.Dbe 'freed.cf solid’ sonztituents and. -
- decompossd into Hy-rich and ‘~poor constituents by cooling to:a-tompe
. ture et which two- layérs:.are formed but po asphalt 1z yet precipitatad

. with ‘the ald of seleooted solvents or a combinstion of both methods.

‘ " Using a pesting cil so obtained has these further advantages,. .- .

. .that;p;:g_asurenhydrogenntion may De ccnducted at a-texperature sbcut
10°C lower than when using the lmocwn pssting oills;-such'as tar olls, -
v yio%thgut s detsrioratiocn of the coal ‘conversion, and that s&bout 2C . tc

—e30%. 1638 _ga ok P o : v

~ 77" The. past ‘this.inxention are &lso

- superior to Ho-poor oils obtained frcm pressure hydrogenation residuas
by dehydrogenation slready proposed, inasmuch as they mako 1t possitle:

- to cbtain better converzion and superior products..

e e rien o Vst

~ ‘Suitable feed substaitces are. cosl, peat, wvood, cchncentrated
sulfite waste liquor, pltch, asphalt, rcsin or presaure extracts of
these substarces. Except for meltsble substances, these are reduced
to small particles, pasied with & sulteble oil in the proporticn
1:1 or 1l:2, £nd hydrcgensted at pressures of 100 to 1000 atm and
temperatures betwesc abcut 300 to 5500C. ‘ '

©  fTae sepzration of vhe E,-rich cils may be conmbined in a simple
mannor w.th the processing oI tho products ol pressure hydrogenatich. .
It wss surprising that rot only the s0lid ccnstitucnts, vhose removal
Prom rosidues -of pressurs hydrogenation has herebeforse caused ccnsider--. :
sble difficulties,could be removed in a simple mEliner ,but that en extensive

1




de boiling
i & “oills also:

8 yérogenstion produc \
intained at suitable températures or by fractionating: condenszatlon
o that an oil: ure; ‘ 5 -within 1ts . boiling range;for pasting
fresh feod materials; 1l obtalx This mixture 1s mixed at tempers
‘bures ‘of ‘over 1009C, e.gz. 200 to 350°C, posaibly under pressurs, with
an Hp-wrich: hydrocarbon, e.g.va low. boiling product obiained in the . .
conversion of CO by Hap, or & mixture of hydroearbons produced by pres-
. sure hydrogenation in the vepor phzse under. strongly hydrogensting.
- conditions, or & hydrogenated syclicnl compound, such. as ‘deca-hydro
.naphthalens; or some other Es-rich hydrocarbon, then £1ltered. oxr -
centrifuged...The.oll free. of. solids obtoined hereby is cooled t
" such an extent that two layers ave formed, care being taksn - that
. tempersture does not drop so low that asphalt is precipitated.. The. . -
' formation of the layers rmy bs effected by the addition of a lew o
.molecular hydrocarbon,.zuch as mathans, ethane-or propane, or soms: -
"’ other selective solvent, e.g. liguid sulfur-dioxide, instead of or . -
““gimltansously with the cooldmg, T T G

On.the oné hand,we obtain agmiiture.of‘ﬁg-tich bydrocarbons, which

ting or lubriceting

may be processed to-gascline, diesel o1l, ill L
011, -will pravent .. .- .

oil, and &an Hp-poor oil. which, when used 23 pasting
all trouble hsrebefors experienced, on the other.'

IO I VSRV IR

. A sludge (letdown) obtaired in the pressure hydrogenatlon of
bituminous ccal with ‘187 conatituents insoluble in benzol is mixed
with heptane at about 220°C in the propcrtion 1:1 and filtered under
pressure. Atcut half the quantity of ligquid sulfur-dioxide 1s added
to the still hot filtrate. The rdxture is then slowly cooled, forring
two layers in the process. The lcwer layer ccnisins the sulfur-dicxide
with tke dissolved Hp-poor conatituents, which are used a3 pasting oil
for conl after saparatirg the sulfur-dioxide. ‘Trhe upper layer consists -
of Hp-rich hydrocarbens, from which the heptane can be easily sepnrated.

I, instead of usirg the ~poor oil so obteined as pasting cill
in the pressure hydrogeraztioan of the saue ccal, &n oll obtained by
known rethods by dehydrcgensticn &t 7CCCSC of & mixture of the sludge
recovered in centrifugirg the residve cbtained in pressure hydrogeratlion

end of heavy oil, 1z used tcgether with tke oil obtaired iIn centrifuging,urh‘h

the yicld in o1l and asrhslt is reduced by sbout 20%. The coal canver-
sion doterlorates and itire heavy cil obtsined contzins about twlice =8
mich asphalt end substarces insoluble in benzol as vhen working accord- _ .
ing to this inveniion. 4 o o




0ssibly under: presmuré,

verything .4 diasolve:s oSsi‘bly removing “‘the 'solid . constitusnta

insd and splitting the solution so0 obtained
g—rich and Ke-poor ‘constituents by cooling to- emperaturs
ioh . tvo layers ars: ‘formed a2t no esphalt-is. yot . cipitate
or. with the aid of se‘lactiva solventa or 'by ‘both meth
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the
v"houtidecompressio
to %0% of the: re&ction
vesscl after 1% tamperaturo ha

of'catalysts,
‘pipe coil) which: ey be_part of. a.heat exchanger, at:a pregsure
,easentially equal to ‘the reaction’ ressure, to a temperaturefof
300°C,  prefersbly. between 340 and 440°C; and then convoyed' an- inter
mediste. -vessel.of the-above.: mentioned: capacity,w Lt
or & -time without appreciable decompression at the sam omporature
‘or one -not. deviating from 1t by more than 40°C; without; ‘however, -
quite reaching-the desired reaction temporature. It.is then-conveyed
‘to a-second preheater, vhich mAay 8180 be a pipe coil, possibly with:
. further ‘additlons of and catalyast, vhore it 1s heated to the re- -
"dotion tempersture. The inside volumo ‘0f the two pipe‘colls and the
intermediate vessel combined should equal about up . to 60%; -and- of the
'secoﬁd hoating coil alone about 5 to 105, of ‘the reaction apaco.~ :
: The use of: an 1ntermed1ate vesoel of uhiB size, “instead of a
- :larger vessel, has. this advantage, that, whils coarse particlés,- which
would cause trouble in the reaction vessel may be settled out or :
~~more-unifornly-distributed ;~-particles- neceaaary»for convorsion,wo.3«~ca—m
“talyst and cosl particles, are not separated and no separation of
_ hydrogenation gas and ooal paste takes place. A smill interxedlate
' veszel hes the further advantage of savinga in- the cost of expenzive
hign presuure vessels. ,

Pressure hydrogenn‘ion 13 ccnducted at tcmperatures abovs 46000
properly sbove 370°C, with the usuzl pressures between 50 znd over
- 600 atm. The thru-put vhen using coal Is 0.4 kg or more per liter
reaction space psr hour. "The residence time in the intermecdiate
vessel, whose size is known, can‘be obtained directly from the . thruput.

The reaction is precperly conducted in the presence of catalysts
auivable for presasure hydrogeanation, e.z. metals of the fifth to the
_eighth group of the periodic system or their compounds, ‘particularly
sulfides or oxides of heavy wmotals, pcssibly together with halogens or
metalloid-halogenides. Tin and its cormpounds are also Wwell auited as .

. catalysts., The use of carriers, such as brown coal Grude (coke) active
. coal or fuller's earth, wvhich :By be treated eith hydro—fluoric acid =
-Is "advantageous in RNy casesy - - _




emperature’ gradually,_ , :
decressing heat supply towards .the~ end o‘f' tho hexxting period.
process 8t ‘hend differs thHeréf¥om in principle,-inasmuch’as’th gradual
riso in touwperature is intormpted by the. introduction _of an inter- -
‘mediate vessel en is A

emperature.

b Ca bluuminoua coal containing 8% C is pas ted- vith an. oil obtainod

o in the presau'e hydrogenation of the ssme coal and consisting of .30 .. ' -
“parts middle oll and 70 .parts heavy ‘oll. “Thlz mixture 1s mixed" vith

0.06% tin oxzlate and l.15% ammonium chloride (based on the coal). 3nd

o ‘oonvaydd -to hydrogenation,. ‘together with 0.5 parts (based on. l-part.

“coal used) ‘of a product ohtained by preszsurs hydrogenation:of tho same -

~ooal and withdrawn. in liquid form from the c¢ztchpot. The mixture is::

“first heated to 425°C, in a heating coil holding 120 liter, et:an

’ ';H -pressure c¢f 250 atm. . It is tnen corveyed at the same pressuro thi'u

o-botton-of -an-internediate-vessel-holding. »aoout-laﬁmmwkoptwatwmhwm.mm
this tempersature during its flow thru the vessel.  The mixture is then :
@sonveyed . from the upper part of the ‘vessel intc a second pipe coil -
holding 80 liter, is there heatod_toc 34800C, and then conveyed to
»oaction vessal holding about: 3 3. The thruput herein is 0.75 kg coal
per liter resction space per hour. The splitting of products of re-
acticn takes place in & hot catchpot ccnnoctcd to- tho reaotion veasel
;- awd kept at @ texmperature of about %60°C. - S et :

~

The coal is converted 9i% 1in thiu ope*ntb.g ma»hod., Tho oil
otu.c«.med consists of 25% gasoline, which hes an ocstsne nuxmber of 81
- &fter cleaning, and 75% higher-boiling oil, thich can'be used as fusl ™
.011. A pértion of the product withdrawn fron the catchpot in liquid
_form (Abschlamm or letdown), together with niddle and heavy oil -
obtsined by condensation from the vaporous products, is-usod for past-
‘ing freah coal. This paauing; oil cont:;ins about 1355 asphalt,

. If the cosl 13 heated to reaction ememuura in a pipe coil of
the hsredefors usual content {about 8% of t.he reaction space), & coal
convarsion of ocnly 88% 1s obtained; aand the ,;asting 0il recovered:
{rom the producis of reacticn undar otherwvise equal conditions con-
tains 18% aspaal...




3 fo the continuous: pressurae hydroeg
meltable, ear naceous ‘substences, such as coal, oil's .
3 characterized y<heatingith¢ ‘reaction meteri

suro vessel holding about 1 .
t.hen conveyj.ng 1t into the: reaction vessel
: naceasaryi for reactio
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=~ ...It hos been found that espeg g 2ol
th the 3ald processet; if: catalysts are used,
y ting dry mixtures of" emtonium=sulfo-salis
“the -sixth:;‘gxéouprof,.z.t.ha~peri,<§dic,.u,sys_w in.
‘distributed metals of the %

carbonyl cempounds, to-
~ For the prodﬁcﬁon of the cata

WL 3

the-sixth:group- given.preference. ore smmonil
olframate, which, e.g. can ‘be produced by ) ol

stic acld in an ammonium-sulfide soluticn the uc _

cgen sulfide. - The ‘sulfo-salts, so cbtaired sre then mixed with

s ool oy cobslt: produced in flnely. divided form by ‘decompositi

of ij‘corresponding'carbonyl”in-fa Lestod chsrber in @ cheracteristl
marner, uvrerein the motals of :the: iron -group &re-ussd in quantitices .’
 ‘ranging betwveen 1 and 50%, perticulsrly 5' Lo 85h, e

. whe dry mixture of sulfo-salt &nd wetel 1s nov heated to tempera- . .~
¢ tures of 300 -to 500°C, prefsrably 375 to 4750¢, for eomotime, 6. g. -

- 1.to 24 hours, possibly efter first grinding 1t. -As a rule, this 1s
dons in & gas siresm containing Hp, COp or Ho, soveral of these

e R S O tihg--gffectivensss..of..the catalysi is
o “medium, like Hp3, 1s added during heating. -

Exemple. . .. oy

liclel, produced by thermal "decomﬁositioﬁ of 'nlckel-darbon'yl, is
thoroughly mixed ipa bsll w11 with sarmonium zulfo-wolframts in the

- moleculsr proportion 1:2 end treated in & hydrogen atream at 400 to- ..

B50°C for 2 to I houra, uatil the formsilion 02 amnonie las ceased. The
. pawdor is _cqole&‘in a hydrogen stroam and st;apei, ' -~ )

A gszolins, obinzined in the pressurs aydrogenation of bitumincus .
coal, with & bolling end point of 185°C and 3 content of aromatic o
hydrocarbons of 7%, is passed over thie catzlyst in vapor forn, together
with"Eg, at a pressure of 50 atm &nd '@ tcrpersiurs of §85°C. Tae thru- -
put selected herein is 0.5 kg feed mnterisl per. iitsr catalyst space’

" per hour and an Eo-volums of 2 W ped kg feed naterial per hcur. The,
goscline cbtained contalns 57% sromstic hydrocsrtons. ' o




“heating to 350°C-a mixul tungste :
1 the corresponding carbonyls, first by p2 g =
“an Hp-stream, and shaping it, a gesoline ‘containin
ydrocarbons ovteained C rwise equa

“Patent Claims

" Process for splitting. cssure hydrogenstion of ‘carbonsceous:
‘fuels in the presence of metallic sulfide mixtures produced by hesting.
_mixtures of emmonium-sulfo-salts, which have been produced ian & 4ry.

state and contain metels of the sixth group-of “the periodic-systenm:

- 4n the ‘residual ‘zeid, and othexr ceetslyticelly-acting substances, Lo
- temperaturses above 300°C, characterized by using sulfide mixtures; for

i the ‘composition of ‘vhich finely distributed metals-of the iron group,

“>:’.9bt§1§§d from the cerbonyls, ‘b‘eaides-‘amoninmmulf 21%z, wore used.
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“The &varé.gs 'p’i'e £uTo ﬁn

5 Ama.mt ‘of gee per ilanas
Tha' Rsynolria rmbo ascd-
Jé ar 3.93" w <
2,56 % 104 <2 x 9'°

due of the r”eff.uc at of pasiatance for e r.cynolds number & 15;9_00 is 20, -

the res sistance of twe hairpiss ton:aect‘cd in scrie}s 8 e e —
o5 ;_'.’,vPvIA & - : R ) . "

21_1 10 x "O}..v].'_‘_’_’_ :._‘-;M = v]_z x 101‘ = water cclumm -

9.3 = f1lx 16(.:’ ) ‘

—— 212 a?

Resulte ¢ comp u.at;cn e the cnr acsured value of 1& aln
fer the total emcunt umed, at' 2 3 500 =7 /h {7700 =¥ g"s‘ .SOO Xg/h
frpd . ' : o

2) nlga C" T Pare L}, t.‘r gg: e I R

I the tubules convarier. o arranged 1o era.llel wi Y. thy ccnverter I
tha feed and Le arount cf gas ls dlsirvituted amcug the two ccavertera in

* Thie wiil ceuse ihs whole coafiicient to Increase ¢ 48 ... 50 alzm.




iz preésum

o 0T . ‘ ur.mg opa*'ation sha. drop Ax, pmssum
in’converter I i3 0 2/ of. gas snd 6536 kg/xz feed giv.».rg 3

i total volumo oi‘ ol" /h, ri h a dcmuuy of 1012 Ifg/m o

eonned.:cn oL th:: Lubu.a. ccaverter \u.th ccnveruor I doea

i" *rot produce sny changes- in the disteibution-of- flow; ond a correct proporiioning .

of the gap’ betwe\,n thi cmmrtx,ra 13 produued by throttling c’omn the :Lmet :m'co
- eonverter I, ’
ths pz.jqport”on o

- end the diﬁ erence.for the gtall, sxclusive of the ccnverter I must be about
21 x l.,o 8! 31,, The tox,a st2ll differdnes will accordingly e 34 < 2 3 36,

> in the compul

‘Sh‘oui'&—cno redice the t’{r\‘zpﬁ..’oi‘ 0.5 fc/n3 the snount injected into the tubular

. cenverter would be. 1000 kg feed L.nd 30C 23 of gas, or & total. emount 1040 ro/h

with an averags’ epacific gravit, f 1,240 Tiz total amount jer line would be

1040 = 260 m3/h
4 : ‘ , .
' Ths branch stozem of the tubular ccoverter Is BUppE: sed to coumbine
with the main sirear bact ¢f ccaverter If. The throtiling #2011 bave to be dons
atead of the tubular converter and tio pr2ssure in the {ubulir couverter wculd
cerrespond to tho stall pressure babwssn-the converter IV 2a¢ return pazs <f
ke heat exchanger I, Assuming en crtled prossure of 22 stz this pressure
should be 22 + 4 x 1.6 = 28.4 aln, ) :

_The average mrassure in the Yubllar convertsr is 29 elm.




{drep - b B pawk: - ‘
8 heat- sychanger 1 a...d to the stage- cooler cubletiwill: increase 1‘rom & “atm
"o about 4 = 1.6.atm 3 6.4 atm,  The stall difference will “hus bo’ increased -
by only abc«rﬁ. 255 atn Jhroug}r &P e connechlon. of the’ Subular commrter.
o.drop. of ubEJLt 17 atn ' at ths hot reguln .zxg

1) ,:__ﬁ_f{kce ‘ :i_ th uhc :ther conv rn

v

: 7603 E:b/h fcea, oO“O *3’“- 3, 8, = OuB kg/za3

b Drop iz; p'mssu:'e s12+1 ab:n- qtal" a¢fxe:<;nce - B == 5 50 atm. -

: s 2),_ Tebuiar cc‘.vms" : pamLc I o B
e a*mw .mcm‘- «mb-.».,armmtm %-DGmg/h@ud; -2450- n3.;  —
D:"*p in pressure B 2.2_* 0.2 atn. ‘ball 1{1_-. > |

3), Tudulsr converier : rellel tc cerverter I to

T Taruput through tubular converter: 1000 kg/a feed; €0 m3/h gaé., correspand
to 0.5 te/r’; Drep in pracswre 3 0.5 ~- 9.6 etz stall diffsrence. * att, 24.5

[aatet

au'n..

Si'meu. Damacher

-

* ;gt ':e gtall differciacaa oo hazed on rmoaswrements of 3/27/43




“avi Amovican
22, 1945}

ur pox sons, May 22,
nonbars oz'GgJ.O S

3

sy
oLt .;L.m.e.t

:".u a ¥meading mechine fcr a
ek 1o kg of terrenma 15
:mmuoa. Abcut 3.7 kg zine’
{11 the forn of 50% water -

» additdonel minutas fer a
, zddod pext and t'::e acld

reads ajid amcieals,

athe slystl poegsss into
$1Xg :,0 em in-ddans . 2 ks ; . g ovan &% 70 e 75%..
ID ecacly sicﬂ, he pills a7 g 3 2a% of 52 350 - 36c° G’

Ler twalvs hour




Dato of pren:
e LbadE prrodue.

Conpesitions

- ES
W OTRET

2} .

LDV puche {(6UF
, extra

hydrexide

Crly, cold

P NP 2
the zulfonalt,

o~
pa-pay

C




it

{enolyidsbe in solublion in
)

@

65014-




Iy conbe

Ve -

sedd solutien (2.4 kg solid)

(Gry 15 1T}




ARG A0 a an 283,

"

2% prassing.




ng with July lst, afber mixing abevt 1.5
o thicker, by uaing’ z of wetory ing

coutp pa..
.ol ain

Ll e

1) Copocity.

with a £33
ctarge of

L e FY o o
AL I CTIVE ;1“3 &= A,

s dopgey of burns end




/1771.0
or‘.!ra) E end ¥

.' 1120 mries"wi’ch the‘ouﬁcide tewg et

"musmmu_msrm: F o

e iy - K

DAL TRODUCTICHS




24V S

corres RSy T '.x,','g,g,;»milrii, 5’/15#/189-&0 &

‘of terrane.

. o iren
te tooperalurs




.33 _‘-::1‘."&11 X433

31/9 -1 /‘4 7,

13/22 - Niflf.

ler

N
W Or from’ CrO3
C Gohie Ko: Loon.! (-\fx,)z

¥~u 7] pa _
ier.. d.uu s

*--1?1-5 pastg‘
.LCI” :g,‘ﬂ'l .




: '1 . Lu&.mR.LM.S;‘

) 1::2: ae

L:) A ‘.I"';Bi":

h‘..o.., 70- - 7
¥ content, hsr titra‘b;l.cn o 72.@’
s‘m: N.ub ai‘ 8/'17/~0 Sp feen a‘ct 1.13

] \.'.I’Q.\A 3 K

achnet .M.c.x, Dz;'m_.s‘bad‘b. oo cryst. : ,,‘T‘
o CrQs -cenbant, by enalysis, = 95.4%

S »c{wbentw»«m«'"
Tood in Z;D 45%

Ww,msj,.z;wm :
solxr"'icn
uﬁtef ' ' Herek; Dew rmstedy
- Shipment of 12/2/40, Pb co:ztsnt,
thecreticsl 54.6% .
Juzed in Z.uro solubicn’

-eullerelybdates - 8 - . 995 from Risdel E. ison
: Mo cend ,e.w, by .4 mdysis, 3045

c "c;uticn in 0.910 M3

‘)g,

13;7 TETes Spegse @910
y ...-ﬂla back .
cot, from tabla, 25%




T . o : '1;€ b-5¢

. LIy Py > 4 Geys - 00

: o EY5 gt~ S
% ,chf D70 Ot IO
; = : NI S ‘
= 17,( . .
lf!.’ houras ?::, .
.,zmurs-at:

e .
fod aht Phguat 1o B 1% = / : ‘ .
oy, 4 i = _/40 | »
1 \i h .
. T ? w h x.“'.._ C‘l

6,633.5 kg
al o
=3 K 429, 20

wee of

, é,z&:‘a
3,876 "

Caeo T
-1,768




2o v oo
WSeren

s A0 AN




GCHPOSTITION:

is 60‘255; ‘ ﬁn.gr. 1.13

v.; cvm.ezn.. ¥y t.l'"x-;},"u{.

Us2d In 45‘ ueluu.-on

Sy ,t;c’*n. ':"”3, fron
(Zn content = 504/




ninsg -
» ho '"53

e T S G e ; : '-'T‘" e
STCRING: SR 3 vas Srams Il&'m

“PRLISTING: -

1L dren cex

15,3 R Cyl.’mder .
3 ;‘7’ o 1/13/42
ered en 5/15/42 to’
r vze in Building S,




LO"'AL Pi CL;UC&D'

©RAW M4 JALE:

B A chai slcnivoy
evature-tepl

12 - 6/30 42
/iz - 1/92°

e o AR

' 22,031.0 kg % 33.4 ﬁ3 10

9,)10.7 " 140 o

h.D.5 p‘.‘.ta, fre
“*'p‘aznus ct ’/...7

SINCI8, e*d:ra, frem

:3 "o/-.2

“lt.c*‘ c celd, techng .

Dre Relninghaus,
tthﬂahcn P e 72,6
bain...anus ol A.t./D/ 21y

3/4/4-2 end. 5/6/"’

wh ro'ﬂded cvluxie_faa )

[ SRRREEE : RS -

t..c’a
r31'1, 70 - 75?;
3% 2 {,.L . _

/3422, 1/17/4?, 1{/29/1»2; -




éuun'n_ v

- ~zad:tf.cn

additicn |

dditicn: o

e.d.. icn J




</ P
" o A ’ .
/21 - &fas/42

The pathed ol prown on of.jK'El’fl‘ 5t 20 28 4, exeopt 'c,‘:mé.twﬁhe S
“wag ir —.'"';5-'tO'j3'O§/'1OC'., L '

7.5 g £7/100. g dry -

. paEie -




