The uolated‘muwlol ni#obutyront-1s- then hydrogenated over a° —— | -

»_200~—-Gr~;--»

= ._ ;;—'B"Op?P cmte'tat&lyst at mmmmwmmtm—m t S

~

as- aj_de steam, ,- and. t.he h.tgh bo:l.ling ns:ldnso are taken ofZ af. the aunp

About 400 tons per month of :I.lobut.anol are- obt.ained fmiw ‘tons o

fTiaobmyronF—Ms is a y:i.eld of about 62’ of the" theoreucn,

_ The iscbutylaloohol is delydreted over alumina to iscbutylene at
"7.'330 t0-360° C. The best temperature gives 95% conversion and the. ope-.-

_-ration is once through. quqle.i_;gqgired The alunina he.a a
3«4 month 1ife. . . _ e

~-Isobutylene was used Tor uo-oct.ane p?roduction and aé taed stoclr
for oppanol (polyisobutylene)s” -

“While. the iaobutysynbhesis Was ﬂtjmpoztance duxﬁng the war Ior the -

for the higher a.lcohols_ boj:u.ng from 180 to 250° C. This fraction was
used for the production of la ”Zomol" (syn’bheti.c lubricanta). i

3. Liat—eii-aeteﬁeaees. B

pmducttmf iso-octane; it ms-clﬁmﬂmt*m—moess—msﬂq\wlhwf o

L)~ Schedule o Aus “dem” Isobutylbl isalierte Verbindungen“

(2) "Efrfahrungs "ustauach uber Roh isobuty.l.bl Dest:l.l].ation"
: by Hanisch, 25 January- 191.1.,. -

- '(3) Flow sheet- "Isobut.yl&l destin.at.ion"

(W) "Unterteilung der gesteh-kosten fur die’ Roh-isobutyl&l
 Produkte", 19 Oppau, 27 November 1935.
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"

“Verfahren~ zmkuemteumgmvon Iaobutanol aus K—Fraktion"
Leuna, 30 ljgmbgLM' LT S




N f—!he'stt.achedfaporb ‘covers ‘the dcvo:opuut of 8 new aynbhcsia of
-methanol which is carried out at s ‘ ere

653 u)co¥zaz ——----b*ca;m

The catalyst for reaction I is sodium methylate diasolved m methanol, |
the catalyst for the second reaction is a typical hydrogena.tion catalyst -
described by Adkins,-nade up*of “copper; chromium and bar de. !

the above @6t of equations 1t can be seen that although two molecules of -

. ;109;‘ _




o methanol are formed, one 19 ecycled is -

“that the result is the- combind:im*ot*m-mhcﬁrof—carbowmde and

S two of hydrogen to.give one methapmol;. anll yieldz -of 95$ to. met.hano:l.
w_are,slaimeixorﬂthema , i B

m&rwhichmdn_detaiﬁ.
port (a) gives the xesults of =

Mparimanta.l_hatch_pumasna;_(b irma the findings of (2) and although
- other alcohols such as et.hanol : 8 oan be naed in tne ayntbes:l.s T
e X275 O i - & - - i feme e s e e e

. mdim, ; ‘
current. and paranel. .tlow “of

' arrangemexrb of theﬂea:parinﬁnm-_emd ont _and:the. other.shows. in detad.l,____
emen! 4cz+mmed p)m_tq:prcducazs_tm
- o Its, equiva.lent of 15‘totis‘“or—met1wnol

e B e e

,_“Sodim.naul,__i.&gzadq : ﬂﬁsm-ﬁdieo grams »ot'netbanol; SRR
this makes approximeately a 13% solution of sodium methylate. The. aolution
is charged to an autoclave and air is removed by displacement with carbon
monoxide; -arid ‘then a pressure of 30 atmospheres. is produced by - feeding - -
- carbon monoxide, The temperature is -raised to- 80°-C-and -28-the-carbon
monoxide reacts the pressure is maintained at 30 atmospheres by. teeding ‘
carbon monoxide. The temperature is held at 80° C. The y.h]ddfmﬂvme
in this step is about 38% of the. theoretical. . In.continuous operstion
- the-yleld of-methyl formate is- appmad.mtel&—ZBf (see-Report. (C) above)..
" The heat of reaction for_ step I is appraud.mtely 9 kilo Cal/mol. of
mthanm.. == §

It is aasential in this operation that the reacta.nt.s be free of
- -water and carbon dioxide; as either-of these-react-with-the-catalyst—as
~ indicated below, so that if present in sufficient qua.ntity, they will
: preclude the desired reaction' ﬁ ‘

(a) cu3 wa+age~ *ua*m+cn3w =

S g

3 .
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"”(S)?f"i!aﬁbﬁjda‘ e

(c) GH3 ma-(-coz 3, 9“3 ’-*O ___,“c%,___ ONa L

L ‘The pmence of~hydrogen—izrthrcarhowno:d:d& usecLin th:hs -ntep, ;

* tends to decrease the yield of methyl formate. It is not essential,

however; that %mgewbemwd—comphteir because—nzperimta

__with acceptable yields. have been nade with cmon mono:dos containing )
30 volune percent rwdrogen.v Lo : ‘ R ,

'rhe crude pu-oduct. from the a ti,on of carbnn monox. In to methanol
- is separated-from the. catﬂyst——aalt&bl_disull&tion" ‘of maLhanol and
mtlwl formate and.is : enated.. The. Jppamtu&nsrmthemdm
gonation was 8 silver plated tube of: 175 e, volme -containing 150 cc-of
_ait.:ot*cn ;

. lcngt. “ - Phermocouples Were placei a‘long he dube. Tho tcmperatwre in
3 - this step is closely contrpiled bgtween 175 and 185° Centigrade.- Higher .
.. ‘temperatures.give rise to two side reac ;—onc_of which decreases.the
wl e yield-of-methanol -but -does-not-docrease- thefefﬁcioncy-in-thatr the
_ptod\nts -are-methanol end carbon’ mnox&de -which-can be cled-dina ... .. .-
large insta.llation. )

8

o HC e ocn3 > CR3OH+CO

“Fhe second reaction, imich resnlts fron too higb a twd.rogena},ion .
tempcrature, act ommmmcmmmtmr ney
in that the products aro not adaptable to further utilizat.ion.

O

m_i%_-h_cﬁ;‘_*ﬂ%

The yiolda obtainablc in the hydrogenation step aro :Indica.ted in the
following table taken from Enclosure. (A mentioned above -

e el e e e e

"."The products of the Wdrogenation are separated by fractional distal-
lat.ion. ‘The distillation is not complicated in that the products boil
at widely different temperatures, methyl formate 31.8° C, and methanol : v
T 6L.7° G.To azeotropes are formed in the ’ractionat.ion. oo T




. The Getmnﬂocmpts lishd belovm avaim.‘l.e :ln tha nbra:v of
- the Burean of. Shi.pa in Washingtoi D-Cw-_‘ et . -

S — (1) " Four sections (I to I_v) of nport: "

" wMitteldruck Methanol Syntun/ﬁehturen—vm  Sn————————

byDr. Brendlein, mugmmrm.z

o 9““74,\ 107 1
(5) "B'et*iebs?'aschriobmg sur: ﬂerztellung von 28 Moto l(etl'qltomiate'

by—DrpBrendlaian‘Jﬁln—m AR —————

(6) nmtelanmkmtbese in Vergleich Z\in Hochdruckvertahren der 1.7 ;

(7) _One- Letter: by Prof.. Drr 0. l“lmhtre.~ ----- lia t’hanol Mhesn
. addressed to. Dr.. Brlmgi 5 m 93,

——————— ~1.G." - by Dr.Brendlein, 4 Deceaber 1943, e e

AT Herst.e_lung von. mﬂﬁitiadﬁin_satemﬂ

(8)._One Folder: File on Patent Application t by Dosusaas "Verfahnen .
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The a.ttached’i-eport covbra—ﬂiewdevelbpment—bfa—nerayntmm of~~~
— _higher-boiling. :alzohols by reacting olefines with CO and Hs over cobalt
~catalyst at 150 aim. The development was carried through iabomtoxv

and ‘pilot plant stage and resulted in the erection of one 10,000 ton/yoar
pla.nt by Rum-cheme AG at Holt-en : ,

09.’1_*-_'.3‘21’-.9: L

1. _Geacral. Introduetion. S L S

_‘2._ Chemistry of the on-Synthesis e

a) Primary’ Reactions

{b) Secondary Reactions = -
_ \c) Producte- from Two llettwlpantem - 1

: 3-‘ Olefmee for the mm-neaction e

L. Gainiysts for the oxoéynthe%u
5. Ope*a.ti.ng Conditions

(a)-RCH—Batch Process

(b} I.G. Leuna Continuous Process

RO) I.G.. Imiwigsha.fen COntinuous Process

Oncmting Cost- o
m'x*_LL's‘on o

L*r. c! Rate;-encea.. ‘




end’ of this aoction). '

Oxo-mthesia-ia—a—prmas—for:tbe -production-of-alcohols-by-the oo
wactton*of*oleﬁnea ﬁtmmwh ot GO and- Bz and- ‘subsequunt
nydmgenation ot the roault:l.ng aldetwdo

. The process was developed independently- b;mhrchenﬂ.ema.nd I.G. Earben

] the war thase companies arrived at an agreement whereby they would

“pool their information, but up to-this time-only one commereial plant
‘has_been erected (by "Oxogesellachaft®m.b.H. at Holten). The unit was
never started and thus no actual plant performance date are available.

All-information given below- 13 baud on- 1argo aoalo pﬂ.lo‘b plont operation
and la.boratory work. _

e ~The- Ruhreheme plant. 'is based on-a bat.ch typroperation, ~while ToGo
Leuna had developed a continucus sump-phase type process. It is- ’ *
" 263% that the I.0" process is ready to:be put -into commercial practice . . !
~ and is superior to RCH. Thomiuimpmenentconsiotsintho continuouo
: oporati.on and somevmat higber—oubp\xt por—cata:lyat«volmo. -;--»

o The princip&ermvolvod and tho?.r praoti.oal app]icati.on*m R
~described below: . ..

- 2._Chemist'_wo£~tho: '*_'»’Vt.taw |8; {Seo ref.-.vn ,-Anus,:s_ e

, -The- following. ‘reactions-occur- nhen oloﬁ.noo are contacted with
CO-HZ mixtures over certain catalysb: .

() Primary Heactions. -
~(0) Formmtion’ar aldahyde” R<CHy =0~

o
R~ cn = cnz-y-co-o-uz_,_-—) R— -an e
A : - O'“"""““‘ S —————

(2) Formation of Ketone -cnz-cxz-co-cnz-cnz-n :
T ~2mafcn§+co +2n§:~4'** 35 R;Cﬂé:ﬂlz:-” O=CHy=R

.3’

n-qa—co-qn-n
~ CHy CH3
s




Q) Fomat:lon of acidz analogous bo 1a. uaﬁﬁ‘ﬁ_ o i.nat.ea.d of
H2.

(2) Poma.tion of pa.mfﬁm twdrogenabion of olofine feed (doea
~_not occur under synthesis condit.ions)., »

(3) Fomation of carbonyl- from catalyst and co.

— A great. deg.L of. uork has. heen dono to stw these reactions and solne
of the results are listed- belows . ... o .

Pure olef:i.nea of d;lffereut. t.ypes ‘were atmjected to the Oxo reaction
and the products-separated-and each: ohemica.l individual - arualyi‘éil’in detaﬂ.

—For- example'v—puwz methylpentene -~ 2 (Iaohe::ane)
__pure dodecylene -1

_were-reacted with.CO$Ha. The oat.&lyat was reqoved a.nd f.ho Co-cax:bc:n;t]._~ S
. dacqnpoaed by washing with 5% iso “The products were then aba:l"y"zed? T
__(Note: _that this is only the £ rs& step of the oxo-synthesis). - U
aldehydes are not easily analyzed since they are highly“ieﬁctive. It
_ —4is known. that more_alcohola-are usually formed in the-oxo synthesis . .
than would be expected from the analvtica.l determination of the aldetwdea

at‘ber the ﬁ.rst step. -

a5$ of product boili.ng below zoo° c (760 m.) identified in thi.a :

fraction were: -

o 3 xnethyl—hmlﬁdehyd& (main product)

RN ——— _ 3. methy) hexylol L
L 3 methyl- oapronic acid ~ R

__In the higher boiling fraction the following products could be found -

2,8 dimetheyl-mdecaxme 6
Higher ester of 2—mettwlcapronic acid.

: omapond,qxanﬂ.y__to_ighe basic ; reactions listed at
..,,_,the beginnin& of this chapter. -




" t:tﬁ':l.ed,in ‘the product,ag T T
henlvdro bensaldehwde

S tmr Of ,_’.,.‘,.“. " _ﬂ__._“-A,;».,:;: e 2 -A O
hexahydro benzyl allohol b

"';fﬂ“‘“.-"‘“”“““—“ hexshydro benzoic acid = mmro benm. - ester.. :

‘The compounds charged to Grosynthesis, particulsrly thosé obtained

"from P.T. type operztions are knomn-to be substantially terminal oleﬁ.nes. -

Yot it was found that so some -6f the produsts could have been formed only .

if a double bond shift had preceded the formation-of the a.'.l.debyde. SR
 Thi3 effect ‘was studied and the results Are sumarized belolr

B G U U R TRy

Again n-daaecylene = 1 was 'used as slarﬁing mtertal, and” subjectad
~to, Qm ‘synthesis. - But the reaction- was-caryied through to the alcohol.

In order then to establish the structiuye of ths alcohols, they were ﬁ.rst

© . carefully: dehydrated-and the clefine was next split by oxidation-amd- "1 ..

. treatment with Ag,0. The resulting acids were checked for their chain
———  length and thus the branching was determined, which- ccuidﬁcnlywbe an-

oo e—eeffect Qii—a ehift of the doubhbmd of: t.he nedodecyleneﬂ_ ,1 .t'eod dur.ing A

These tests provad, tmt fran ‘terminal nomal olet.ines the axoayn-

——— ——thesis-yields branched-alcohols, in particular 2-alkyl alcohols, whereby
- WW =

. the yield decxweases with® :mcreaaing iengﬁh m

3.4

responsible for the double bond shifts-Dodecylene -1 was-treated.at-150-

. It was finally possible to prove tha.t ‘éobalt carbom'l was the cata]_vstm

. to 200° C and 200 atm. of CO and with Co-thoria. catalyst and all isaner
dodecylenes—were—found in- aJmst equ:tmolee\ﬂ.ar -ratio., -

" Pe—carbonyl showed a s:unﬂ.ar effect ‘but not the same activity , 88 -
- —only LO to-45% of the-dodecylene =1 was: i somerized: —Nickel - homverﬂ,_had

no offect at all, These Tindings are interesting becouse the three - — —

named metals catalyze the on reaetion in about the same axt.ent as they
isomerize the douhle bond. -

; “The shift. of the "do'd:;l.e bond was made the sub:ject of a patant
application by I.G. Farben. (See refereiice VII/9 at
The disclosure involves the treatment of olefine hydrocarbona with _




- at-1500-C-for two hours with: 3% catalyst in the foed as ap example. - Tﬁe =
“process should serve to raise the octans number of the . T
(Note: that similar tests were carried out on aynololeﬁnas ’ which were

""to be used as feed stock fmmthests). g s-were—found —
~to be at. -least.-90% straight. chaj.ned. Seep L T e

The Synololeﬁ.nes N on tﬁe other hand an not neceusar.ﬂy a.ll temi—
- nal olefines. These facts seem to consbi.tut.e ‘the proof that the Synol
,jreaction (for alcohols) does not consist in an.Oxo type synthesis. carried
i out on initially formed- olefines.  If mh were the case,; the synol
e . aleohols would have to- contein-about.: ‘o =substituted alcohols, which
- - they do not. Much rather it 'is.possible that they {synol olefines) are
the—result-of i dehydration.of the. pr:l.marﬂy formed ternﬂ.nal a.lcohol »
fo.uowed by a shift of the-double- bond. :

" ;;_ﬁmemml (particularly. cobalt—carbowl) ab. 70 atm. €O pressure. a.nd o

That Fe has a tendency to ahif€ the JO\ible bonrme seen *frm“the
. analysis of & Synol fraction (undecylene: 73%-— 78° ¢ at 10 mm. Hg.)
wbich had been . synthebizéd over the stendard iron catadyst:

' dndecylene —DI— - 93—“" D‘o : DS. o -D6 o
e uol, % st M*,.ﬁo 27v T L _:.__ el

This compcres a3 follows wit.h the distribution of the double bond,
‘obtained from n-dedecylone-1 by treatment with Co(co)h -

Dodecylene L . D5 D6
Jiol. %_ 8 1 27.2 23.0 18 1 13.3 10.3

s PENES Olefines for_ the Oxo Raaction. e

'l'he_follmd.ng_mat.eria.ls were considered as feéd for- the*oxocsynthesisz -

S «v;OJ.eﬁ.nes fran Fischer oil (Kreislauf operation)
: rv-cracked Elacher m -

" Synol opera.ti.on
‘% Various cracked mineral oils
" _Shale oils )
i ‘Hydrogennt.ion products.

It appeara that the rea.ction is app].‘lcable in principle to all mono-
o:.ef;mes 'independent of origin The limitations probably arise from the

>




. ' 1 phE SOl is a drawback in the.hydrogenation = |
's_tgge,_mlasa :l.t. ia carrd.ad oub qxﬂ:t.a iudopendent]y over- aulph:lde cata].nta. ,

o Ol.e.ﬁnea containing harging atockr from ditferent ayntm:la opera-
~ tions were studied exbenaively, to.evaluate their use for tha ca:o reaction. .
The . follmdng producta ware teatedr DT ) -

aynthoais oleﬁ.nec T .. Cobalt -

Synol clefines -
nc!m (I.G. usclmmue") oleme’
- Largt olefines—

-~ The conclusions were a8 falla '"“'if'if’ T T
(1) In'all cases mrvgsﬁf the™ ole;i.hes are converted R

—(2)-The-cobalt. products-are moro-uniform- and—contai.n only oﬂzﬁ.nes,
o pe.rafrina, a.ndalcohoh._ :

(3,)__w_ The ‘Pe-products cantadn sizsable amounts of acids; esters; ai.da-

Mdea,_ete,_l and-are rend rad~more'mttom~by—m~oparat‘ ion
_(due to the hy: enation

(h_)_ The total alcohol concentration iu the final product in lmr

in the cobalt_pzoduc_ed_oletiues andmeaches—a—w.:d.mm in—the
synol product'. e

—5)"The use e_usefulneas of the~a1cchola for detergents 1& J.esa i.n—the o
case of iron mthesia. alnce the ch&n.length_ia_smt-
shorter. C R

[P N

S In order to compare , the. different aynt.heais fractions for the oxo- .°
synthesis, the follovdng table haa been prepared. (See attached shaet)

- It was at.tempbed to apply the oxo ree.ction on- other canpomds L
_ containing double bc_mc_ia, with the rollonin& results:

~129-




mly M umetod pmduct, reat ;u
- !wdrogemted at one: dmh'l.e band, while
T f} rwtcb_” 8 .

AT The cat&lyst 19 idontic&nth t.hﬂ nand_aricobalt ﬁacher-'l‘ropsch
'cabaﬁst. Tt i1s applied as a‘slurry in the 1ig Tsu‘a;ﬂy in

" concentration of 3% wt. catalyst: based-on:clefine in the feed. At the -
o ffencr of the operation the: cata‘lyst if filtered from the - reactaut.s%hrough -

~ “a ceramic disc or. thinble and returned for "'turther uae. Abmt‘].oo batchas
o "‘can be processed vit.h one catalyst charge. , i

m—catal.:y?t c‘éi‘lmcobalt, t.hori.a, Riesxeguhr in the ‘customary
ratio 100~1.5=200 (weight %). - It did not contain mgneaia,_because
it was found that MgO encouraged’ ccndensation of aldehydes. The catalyst -
‘had- an -apparent: density of 0:3-60:0.35.. . Thus-30-kg. of oil contained
about:one liter of the catalyst. RCH tsed bitch operatiocn and carefully
avoided all pumping of4w81m1~—m—ﬁqu¢m—med—£mm
-vesssl to another by gas displacement. —In-the-continocus- opentiax used
uy—}(k it-wasfound ‘that the-kieselguhr-caused consi ' '
to &@3 —in—the-pmp mvﬁs? ,”“Attempts “trmpame-thrmaeagmﬁth
ta.lcun failed.

: (he of them problems i.n the process is~ t.he “formation bf-cobalt — —
~ carbonyl. (JIts effect on the double bond has alrsady been described).
—-Is.G."leuwna -developad-a—cobalt-copper ca . ﬂucmgava onlyirraction
of the carbonyl (less than 10 milligrem/liter).  The copper has a stabi-
Hzing effect on the cobalt. This catalyst was satisfactory for the

© The activity of the sta.ndard cata].yat for the an stage (l’wdro-
————genat«ion) ds-considerably’ diminished by the presence of even small
- -quantities of CO in the hydrogen. . This sensitivity becomes more pro-
nounced with the age of the catalyst. The installation of a "lietﬂn.nuer"
was therefore coneidered to remove this residual - CO from the Hz-cycle
:m t.he an stage. :

B o







i -~——~---~*—~—~~—~!Anothnr—nodiﬁutfon~¢thdi‘ nti -had -t
by I.G. Parben at I»\Mg-hum. (Sn also rotoronce )
- 4his-section). _In ! cobalt acetate is contacm with fatty
- acids (from alcohols) in u -autoclave to yield the' cobaltult of the
fatt.y acid._ ('rbe rm acot:l.c m&u aondonnd‘) }
-Thus tha.cobalt. ia introduccd :ln.aolution :Lnt.o tho tud t.o giv. a :
o 0.& . 0.05%_Co ¢ ‘concentration,  This mixture is- clarged to the reactor =
- where it pasges over-a-solid cobaltcm bed (Co_on pumice). The ~
_mixture is finally freed from the cobdt in a” apac.tal mllor mctor,
" which is filled with plain pumice.- 48 ~here-and the -
: reduced nobalt dopoai.ted on-the: pnni.co. ' . :
pod - ot cohﬂt. -~ :s—ia—dom -by-- €0, S
: ;dinsolvetk:!noi.Land returnedfto%he

e e 'rh.t&proeou -does-not.- rgg;g BNy :
_ of tbc process must be continuously ‘checked for Co carbonyl.
necessary to cont.rol its decomposition; or if possible, direct :I.f. to a
: it rei.tdounoham general,itisscmbbodmt
“in & mlrcol\ur using the olefine rood-u “sponge.—Cobalt—deposition—
throughout the plant due!to Co ca.rbonyl has been a canaithmble problem
in the continumn process.

‘nuriataiyst— —as amrﬁ.‘!; ¢ g0 “be reduced.  In the J&t_ﬁ-

cular cage of the oxo-aynthns:la, where aalnrry is used instead of a

- solid bed, the pelletmg of the catalyst is unnecessary. This however,
- —on11e-for-some -opeclal- ,_to_reduce the catalyst. . It could be :
pelleted, reduced, and 8351!! ‘broken- up, - but the I.G. engi.neera proposed =
PO GUGG10ON 40 W f1uid In:a patent application dated 9 JEL?TELZ"‘ T
‘the use of a funnel shApad vessel was disclosed for the reduction of ‘
st powder; (See n erence-VII/8 at-end-of this section)-where -
th&m as-would-keep-the-dust-in motdon. — A filter -or othar - S

means could be used to WmWat ' }rm

recycled. through the cataly . , o

.""',_;‘;::__'. 5. : : ra.t' ' Cnnd:l;t
(a) RCH ggtcg m::ess. |

.. The total-olefine feed (cu+) ‘boiling from (175 to 303° c) is first
Zractionated into narrow cuts. 'l'his is necessary ror the subsequent '

'




e —--—aeparat:lowot the mdwta— intwﬂii“heuﬁml ou and tho~a‘1c6boh.—--‘1'ﬁef—“i L
- latter, havingbeenlengthenedinthoirchainhwonecarbonam, ‘boil
20 to 30° C above the corresponding olefine. All distillations in the I
————oxo- plant -must.-be-done- carefully-and the. dittcrent unavoidable inter- LT T O
_ _mediate Tractions are either rerun or discarded: If this rule fsmct ~ ~ =~
® followed the final alcohol product is ccntani.nated with mdesirable
c pmdmts’ ':‘::.':'. -l :

e _.m Cu-clv feed is. 1mct.1ma int.o tha follow.tng .taur f:actim

e - . g iy

T
- Bc]jr——“*“—”' 21B~-—255—-—m¥—~-~ *"-*“2”“ T T TR TTT

('l‘ﬁe foed is obtained from r.P m—Wcobarc synthesia—aud tm:-naa. N
cracking of "Gatsch“.)

- The fraetionat.ion ‘was carried out. \mdor atmoaphere pressura }for the

| _,Afirstr two cuts and under 100--150 s, Hg. vaguun for .the last two.
S— : L o, . They were. chosen
‘because they were considered "”giia"lé'“ preasure ‘drop through the

~ mr—and—tm—mm_a.hotm_twpamm_nmxﬂ_degneu holgw that
requ:l.rod by ordimry bubble talvarb. I o

All fonr fractions were tmted alike in iﬁe outo ;ila.nt as fo].lm S —

A lmown voltm of feed m mi.:md’zwith 3.0 3.5$ by weight of the . . ,
"7 catalyst. “The- slurry-was preseuret: into-the-tubular-reactor-end-watergas - — - —
~(CO:Hy = 1:1; purified) introduced at ‘150 atm. - The reaction is-exother— —— - ——— -

mic by 45 kg. cal/kg. of olefine “The heat" or*re’arctforrirxvmad—byﬂtm——w<ﬁ—%
coolinLcoiI. In addition ‘the mau;e ‘may  Serve-as a-means- to. control :

_the . heat release. (BY Iowa ‘ _,p‘f“e*s‘u e, ih” d“dmm)——¥ o

; The 3&3 is pumped ..hrough the reactor 4n a closed recycla * As tbe I
reaction proceeds and gas is used up, the prossure drops. New gas is -
: added and the react.ion is complet.e when no i‘urhher drop in pressnre occurs. -

" Throughout the reaction a temiéiatm'e between 125 and uo" C is
maintained, depending on the type .of feedstock, The temperature may be
raised towards the end of the reactiun to encourage decomposition of the




carbonyl. -—»‘I’he _wa.tergaa j.s then neleasod and the. entira batoh inelhding
= ;;,_f ‘the catalyst is pressured into the (2nd stage) hydrogenation chamber.
" The olefines are converted 100 in the "hldehyde" stage. 87~95% go to
aldehyde, yielding about 100% wt. of alcohol based on olefine.fed. . The
" rest _goes to ketone and aldol, but the latter are 1arge1y broken up :I:n -
-the- twdrogenntion to give addité.anal nlbohol. c -

The ‘hydrogenation is- aIso exothermic by about 30- 35 kg/cal kg/mol
" hydrogen reacted. The operation is carried out in analogous fahion to .
: the aldehyde step. Pure hydrogen. is admitted at 150 atm, The Hy is
recycled until no further pressure drop occurs. The temperature is held
. at'180°°C. At the—end of thereaction the Hy- ‘is released and the produc
~withdrawn. The-csta]yst‘if ﬁ.ltered thmugh & ceramic thimble. :

e Before final éistﬂlation t.ha produetf is caustic washed to remove -
e — the-acids formed-in the process. “The distillation is carried out in -

) batch columns. Care is to be taken that the kettle temperatures do not 3 ;

—*: - exceed=180 to-200% C-(about-5-mm. Hg. is.réquired in-the higher frac‘bions),»;:;—ﬁr.

'~ Aluminum was used in the construction of the coolers and receivers of the I
fractionating systm *(See also raferenca VII/15 ab enc-of —sect:;on)

e . e distillat:.on"of thtr t" Im‘i oiling eé«:i—fracuons (cu 12 antl
: 13 u) is carried out in onc cclumn each. . The "rieutrai" oil and the
-+~ - aYeohol “are taken ovePMhead in-successions The two higher boiling feed -
, fractions.(C15,16 and C37) are distilled in two towers cach. The neutral
——oil-is removeg first and- the alcohols 4n the-gecond-tower. —The-heavy
polymers from all four fractions are charged .to a common evaporator.
“Refractive index measurements are used in the distillation to control -
 the overhead cut points. . .The difterence inh.p.between aicohol and .
para-fﬁn is 1.39 to 1. L;2 R L s

" The gas requlrem*nts for oxoqsynthesis are given as fo;.lews- (they -
‘ore substantially the same for all types of opera’c.ionL- S S
Ba.s:Ls 10 000 ton/year oI «icohols ) '

Wateggas - Exlt gas lst stgge T

L T ¥ - 2 T 12.9%

L0 . 3808 " 27.3%
Hy L9080 T 48.%
CHﬁ. T ~O-2% > 0&% L.
N’ e 6.0 o 1L3%.




AThta 48 on once t.hrough‘buir“*(Su also mferencrvnlzs at
- __end of. aoction.) N — .

(b) ...ﬁ.t___..._

 _The I.G. leuna typo ot oporat:l.cn m cgnthmm It might be podi
aut—tmmﬁwoﬂdw:birmo ‘have ‘gone over -to-a eontinwous -operation
...z in the near future. The fresh feed is used to pick up the catalyst from =
= -the-ceramic-f£ilter and-is— p— e
_catalyst can be added, . The slurry 1' then picked up by the h.p. feed
pump and pumped- through a- prebeam in:-the roactor p:~oper. Watergu ia .
——————pecycled-through-ti = Aty —Cooling-tubes—in-the -
“ape ‘used to removée the heat of uict-ioco
~ —— and-the-pressure- released-in-a-gas-sepers s passed
- a scrubber, where. cobalt-carbonyl is removed bymhing with fresh oleﬁ.ne
feed. ~The slurry from the-gas separstor is fed to the: Mnmn
T syatem, which is an mct‘“m—ét‘tm*me‘&scﬁbed “above, Pare -
.. hydrogen-1s usci instead of watergas. - The slurry from the final gas . .~
aepa.rat.or_ is ﬁ.u.ered and the f:l.ltrate canst.ic uuhed ,, betore retmtion-

(c) I.G. Inc:'«igzhafen. o S —_

 The ayatem was coscribed in the pamgraph ‘on cat a].yst.. It. 1a in
- principle- identic& with the Iauna ayatem except foi- t.he ha.ndling of t.ho
Qataly “. - : - . L

“The cost of the WP, section of t.he plant 5,3 appre 9 -
yen‘ly ton~ alcohol" This hmvarﬂoes ‘not- :mclude the ga- prepamtion, e R




-V_compx'ession plam and the utilitiee.

) The labor- requirement for a 15,000 t.on/year unit were given s T
50 men/shift (based on.batch operation) Thi.s includes all operating
and maintainance labor. -~ SR A o RS

: The_ Utilities are given belows " ' A :
A___Basis._ 15,000 t alcohol t‘rom cJ.l- c17 with 30’ o].efi.ne

: 5 “content” in feed. -
',‘,Heatj_._ng ggguiremant

"~ ‘pDistillation N
na.s prehea.ter 1st- stase

13 500
" 2nd stage——— - ~~l6—590
Methanizer o o . 31,000

e .,,,.__..‘;,,.» S ¥w£ ,*_.V,,M: " 7 B
’ ‘ h21000kgca.1/hr )

o Synthesis, 1st st.ago .- 100,000k8 cal/hr

-gtage it ar BB 500 W —r

Product cooler, 1st sbage -+ 120,000 "
.-~2ndatage - 150,000 v
e ~:ffl_~w;:.:60,mm:_f. n

;jlcohoufoz_;.i,ooo_tm/w S

- Materials
Feedgas-

- Amortization T T 006 T

*__ I "*'_-mg_al‘cfohol - Hﬂ_‘/‘f

. At Ruhrchemj.e the cost of the olefine in the feed was caloulated at
—~Oe43 RM/Kg+ ~Thus the—price—of—» the- final. product—would—beWAS ml/kg

ST




- for the production of high't

The oxo-mthesie is tl!_e second of ﬂu'eo m:lor di.ft’" Fant protesses

~—— it copmercial realization —is due to the 'e", : m j 8 of soaps <
" '.and detergents in Gemw. Anotb-r importan . product would =

The dervelopneuh otr t.ho yroeosa my ].cad to canunuous'oparatiﬁ ouand |

possibly better control of. the synthesis,?such as suppression or closely. ..

’alcohnls ot predetem:l.ned bre.nch.ing ) - LTI

The Geman doounents listed below are available

controlled shift of the double bond. to gj,yg c]”,]y dOtdl od. i ﬂ'-‘-l‘_bgbed i

mwofmﬂ%wm, DCe—

1. "Eirwirkung von G.ledﬂz__aut OJ.eﬁ.ne" gz
10/1/14. |

.~ "Der derseitige Stahd des Oxo problems® - by Dr. wenzel,p_ e s

10 February 1942. : bt HEH
"Die Konstitutionder Oxo Alkoholen - by Dr. Aainger, Berg,

A;n'lll9l&3.,_ o
April 19h3.

TWintersuching olefinscher CO-Hz prome in Omsym;ueaer =
by Dr. Gemassmer, Berg, 3 November 1943,

. ;i-—v.‘"l(onstitution -von-(xbo- und - Syno].qlkoholea" ' by Dr. *Aainger, Berg,w-f-;

- 21 August 1942. - .
“wUber Reaktionsprodukte dea du:n Verfahrena" by Eckha.rdt-,
- 25 February 1942.

alysatoremft--c - oo oo oo

1.G. Patent Kppli.cation, 9 July 1942 "Vertnhran zur nedukuon

s aubfSrmige :
9. I.G. Patent Applicat.icn. 11 Sepbamber 19!.2 "Vertahren zur

~Yerschiebung dex-

“Wa.aaerga.a und Hp Bedart der on Synthese" letter by Dr. ,Landgrat‘ AT

- 17 Decemb“‘l?h‘o I L LI _- '

11. Memorandum on Oxo-meeting, 10 Februuv by Dr. Hlke, Herold. ,
_ 12. "Qxo Verfahren" - 29 March 1943,letter I.G. to RCH.
o130 .-"0x0. Vorfahren!. - 8 .June 1943, letter I.G. to-RCH.. ..

e ‘Ertahnmgen wber Korrosion; etc., im" ﬂuchdruckterl ‘der 0x0

Anlage, una“ - by Gemassmer, Ber‘g","“zs ‘September 19&,3. .f_”"'"“ T S




"Kontinuierliche (hd.erung u:lt ; aur-geschllnten Kuxba.kb" hy
_Gemassmer Elbel, Wewsel, 10 February 1943." .
hemorggggm &n ‘meeting of I1.G. and RCH, 7 and 8 Janusry 19&3. :
ema des g fi’;.-;Verfa'hrens von nadwigshatan" -by L

e Kmt.imrj.ernchen Betm.

o 200 me drwg.. Nerscburg: 1(31563-16
S ___ S T mﬂ-yﬁrfahrenn S
21.- ~‘me drwg -nSchema d.- Kontimxi 2

e vom 1 lhy 19&2.

. 30 March 1942.-
 23e Memorandum to l(eeting 28 llarch 19!.2 by le}pggg. ) ' S
B 24, Memorandum t.o Meeting "P): _des mg;t!e:fghmn"_-_bx G:@_M_._f
11 May 1940. . _
25._4£mo ‘Re: ~ "Energieverbrauch; etc. fir- tko-&ulage'f*-'- byGemaamr,“‘ S T
Mauthner, 7 July 1943. N S
- 26 "Die Hérstellwig Hoberer mohoa:e—ausﬁeﬁnen"—-—byﬁ me =
e _v\w(:_mnpenjL (Rheinoreussen)-ﬁ December 1943.. . S S

Pmpamd by_:— e ;T_'*_"",':'_",":.A,:; ‘: = »;',.;v»-- S ,:—}',-;-;}?;‘—:;};._"":'—“V'lv S

 E. He Reichl,
: Technician .







xo -u-d- anch’ eine - hnxo von anohnn auogctﬁhrt die als
‘ajnt!h*ninnthyll&hh:muhd ﬂano-rntott_ynx!nnﬂnten,mnigaa Vere .

-ndhi. die 1n.dnr Banptacche sur Kliirung des Ronktioneuochanismus,ﬁ

éurehsnrnhrt #urd.n. sind in dc- vorlicgondcu Beriocht nicht euthalten.

“ehtubrnng_dor~3331hana~nr£olgte in kohlenoxydfeaten

“”irnhrln, nnd.Suur<§ﬂl Teil in mit Kupfer ausgeklcidcten unlegicr-

o ton St‘hlrohrcn nnd sum Teil in nicht auszekl: :1deten legiertcn Stahl-
rohr‘n‘ s«ie solchen sus V5A = oder sicromalstuhl. ’

= ..;:matcwiu—amaoasmm—hamg—haz—a’rm I - S
'komnten aber auch fohre mit oiner lichten sieite von 25 mm ohne bemer=-

>'rikonawart. 3chndibung don Unsatscs verwortot werden.

~Der—0asdurchsatz wurde durch %asnung -des oxpunéiertan~nndbasea*"

»?;ppd ‘der aus den Stickstoffwerten errechneten Kontraktion heatimnt. Im .

‘lee-eimn mdo (anfjirum von_f}ntor-uchungen uber den Linfluss der
,StrUIungngéoohiindigkcit),nit einer :indgasmcnge von 10 Litern je 28.g

vA;thoriu-katul -sator und_; e geurbuivwet. Dies an‘qpricht.befnpinla—gg¢;_

-'f-uu bei ciner sox-igon tcutraxtion 20 Litern Ausgangsgas 30 28




_Katalysator und Stande. Da das Kont kat
~sator ungefuhr 15 com betriigt, ist die Raums.itausbaute umm-r
TorhntuT-‘-in ungefRhr 10 mal grisser- nldbai der Rormaldr
: Von den anfsllenden Ronktio?-yrodukton, die aus’dem
dnmh mlm bav. mit A-Koble entfernt wurdsm, wurde die Zusammen-
etsung der Gwlhohli’ﬁ“ii‘o’ri‘toffc stets durch 'r:loftnportturdeatil-
lntion und die der tlﬂlli.gcu Kohlenwasserstofre durch roindoatiuatiou

‘:“:“""";' (i".' /d“. hyﬁi‘mf nntorlucht. VDn chlraktor:l-tischen Vcr-

’ ia--va uut.cumumum-_x.n,-mn:_

uﬁ a.f—ﬁm*" m*’ r “_».:'.nf:.' ‘m ncmﬁtmit mt‘"““’—f“ Ty




Ce

hultaadncr'der Gnao in !ontuktran-. die Aufarbeitung von Kohlenoxyd o
nﬁd ihlaerutoff 1n nnhr-ron Stutcn. das Material dcr ﬂqaktionarohro

E -~~-~u.n‘u m—uitcn&rnmwihﬂmﬁm e —— o -
;Q;f;;;wmgnmw_glgis_ﬁﬁl_ﬁrnlx~ﬂ1!Ljnlﬂsn_hgisntﬂgxnn Tntaln.zui t die Znsannena
o setzung der Reaktlonsprodukte in Abhiingigkeit von der Synthesetempera~ ,
- ——ar-bet-oinem Ernok~von“1§9'at~nnd~einer~btranungsgasch*tndigkeit-*ar—“;:71*
Gase,untsprechend 10 Litorn Zndgas J¢ 28 g Kontakt und stunde.
Die :enge dor antallondon Alkoholu und znderen suuerstoffhalti- .
gen organiachan vgrbindnngen' die bel niLdrxbon Temperaturen, 1nebeaon;
~.ders.-unterhald-375¢. -vorherrsch.:n, nimnt mit stsigender Temperatur - S
schnell-ub, Im Gebiet von 375 bis 425° untutehen vorwiegend- fluoalsn
| Qz;zweigte aliphatiucho fohlenwvusserutoffe. it ateiuunuer Lemperatur
_j'pgé der nebd-nher anfall nden Naphthene allatihlich zu. Ihe
Antail ‘an- den - fllavigen Frodukten fat boi -375% no‘ﬁ*hf‘htfﬁitfﬁbhtlich.
| ____er erreicht cber bei 450 bis 460° 504, Dei Syntihestemperaturen von. .
fi;h;merﬁ450vbiaw500° xonnten in ¢en hdhersiedunden Fruktionen- der-anfallonden
B flﬁudjoen,hghlunvudatratofic auch Aromuten nuachgesiiesen wc:den.mm-r

Die llenge der asfirsmigen licakilonsnrodukie ateigt von -eniger
als 10% bed 375¢ uuf 50,0 der :leaktionsprodukte bei 44C%, Isobutan ist
‘unter den cinzelnen Dohlenwusterstoffen dus in gri:usten ilengen antdllan-

__de Produkt. el 352 biu 450° baitehun edn Drittal dﬁr‘gesumtun ﬂaak

ti onanro.u/tu sus diesem rohlenumsscrotoff. .
Unverzweligte uliphuuiBChu iohlenwvasserstoffe entstehen nur in
va8l’ 1& untcrxcordh;ton lnsne. uormultutun fiel 1.84 in ﬁcnbon von etwag

lbp des Isobu-ans aun (C,Y% wis 3 Jder Gecamuvrouukte)a. Die Menge dea No-g
ralp.ntans betrug nurmehr 1.0 der rlijusigen t.ohlenwasperstoffe,
Blatt - 2 = bringt Ausbeuten un Yenzin und sasol beim Arbeiten -
' in einer otufe unter eruchiLuenen Versuchsbedin ungen,, 1nubeoonaera_
»»—beiAVc+schiudanun'Uruckﬁn amnd - Gti feruchuunb’von‘VLfttﬁf*ﬁén- uterfﬁl
fir die icalttienaroh:e¢. it Augnuhme des let.sten Yerouches wurden ulle
bel 450V auggerithrt. e -
Bei .itmosphii:eniruck war k: in Umoats fcbtzuutcllen, bai,ﬁ at ein
senlr geringer, Bei 3C ut warden vei 20 ‘=isem Unmsuts deu ‘oNTcnoxyds
l;ffﬁrw“~5,l~ﬁ 33 R n-v4 fahlenwasaers»offn. S48 iao-Ca -*nohinnﬁﬁssnrt%otrc‘—_ =
: und 16,1 g rluusige Kohlunwassurstoffe Jo Ncbm inertfreics Ausgangsgas
{ gebildot. it utei endem ixruck nuhm uile sienge der in einenm Arbeitagang
T — anfallenden Produkte zus-3ile erreichte Vel 580 at 46yY g iso=T < -xihlan- -
: : wasaserstoffe und 40,5 g Benzin + 01, Hei Verwendung von VgA-mohran

: ﬂmrrenhdie—xuabeutan_‘ﬂ“fIﬁ—thUn-KUHIonwaaueratoffen grsser =1us bei

.cntuprechenden Lrucken bei Verwendung von mit Xupfer ausgekleideten
+—+#eaktionsrohren.




| S 86878
 _ ‘ '_f
_ | Biatfb-lj - br‘ngt den uinfluna dea Druckaa uuf die bei einer
;xaynthcnc von 45C° in oiner. Sturc erzielten Auabeutcn graphisch.~9104“——f——
‘ Ansbeuten an. IIUn 1gon Koh’enwuaseratoften nnd.an Gasol nehmen mit B
- steigendem Druck und danit zuaunnenhnngend mit dem mit ateigender Auf-
_‘~C?entha1tadauer der Gaee am Kontakt atelbondon kohlenoxydumsatz zue _
;:§;;;;;_%ﬁp;!ggr ann mit stelgenden Drucken erhiht werden, weil die Gefuhr einer.
LT, Kohlanatortbildnng mit steigenden Drucken immer geringer wird. : }
o -»Bei nicdriaon»vruckon, beispielsaaioo 50 bis 100 at. kdnnte b»inf z
tcn in anhrnrcn oturou in- #hnlicher Umsatz erziclt werden, wie. er;,zn
bei” hohen Lrncken. beiupielgggiﬁg‘bei*joovbis 500 et, in einer _Stufe - ..

Qﬂglich,1at,gﬂiorans,nzgihx_aich,*dan-—éio—nozaundiga—xen%ak%aenge—

1 BO'BGrtngsr*tut““ja ‘hther der Arbeitsdruck, gewﬁhlt wird.

_ ?*f*'Blatt - 4= bringt eine’ typiache Gasoldeatillation eines bei e

—%:iggéi;;;“einsmmnnuck_xon-159-a$~und—einer—~emrcratur_ven 4Seg—auuﬂefﬁhrt*n—vvr“———*f”“‘
| >'”[ suches. (Th 101 a). Lie Bauptfraktion 18t das bei = 12¢ axgggnLQA;aopn-AS?E

.-lsohutau,_mit_deasen Jlox!h&aéemia—aie—Ju%aejzenw—].{rumf—*-j‘?:

zsigt dna'urgubniu einer zu demucluun Ve*such
- (Th= 101 ‘ay 150 at, 450°) gehtrenden Destillation der flueuigen hydrier-7
._ten XchlanvaaaurstQiIﬁ;_ln_Blaxt_ohﬁaa_-uindear_,_ , . N—
o Anilinpunkt und spez, Dispersion der boi Jieser Doatillation »nbef«11 tem
'nen einzslnen Fraktionen zuaamnungeatellt. Blutt = 7 = bringt das Sre . 0.
o ﬁ_*gpbqggzggx;hn:nrankhung -der bel d1&3@9-?&rsueh—ontatandennn'~lﬁcaigen—~—ﬁg;,
', KOhlenwaaanrstotfo. Der Versuch entzpricht dem niach Bluatt « 1 - bei 450 L
”“ierzialten rsehnie. ir liegt inm Gebiet uinor stark hervortret. ndcn‘ﬂapho
'ift;§i_f—~hen~ildung‘_Q;Aféjj der’ flﬂssiganuanhlsnaaaaurutoftu). Aaraﬁlpardrt*ue““-f“
A " : oL ba.eﬁ%#%and»n;~%tw&~tﬁ*der*fiﬁpvtgtn_"' -
‘KOhlenwaaquatorre beatand aus n-Pentun Cugegen bcatundan;aat 12$§nun e
dem beti za“wx‘edenuen 1so-tentun. Verhc nlsimfsaig srosue lengen bu-;ff““""w
Jtnndenﬁanswa.—zsethylpcntan {15,647 -und - wahras hainiicﬁ“*ns*?F:—“““uuﬁtib’
M~w—-———~—9139$h419§ﬁ$&n1 n”t‘ﬁﬂﬂfﬁ&hﬁfﬁﬁwé ruktlonen ergibt 5ich us den In Blutt

6 - uuaammunbuntellten &ahlen ain unbe'ﬂhrea Bild dar &uaammnnqntznng

' Blatt - 8 —w

fggLf- lb - zeigen analoge nrgebnisa \{ﬁr de
bei 1>o 1t und 375° ‘wrchgnfﬂhrten Versuch ~n 101 b. Die vroaqkme'aie

sllem J(urch cinen wceqntlich eringeren Raphthungahalttﬁgnd _z¢§:g§ggnw~w~»“—
erhihten Cehalt nn vurs

Bl&!tt «-1).

Blatt 11 - bxingt:cine uu:anmanatellung eincr Reiha Von KIopr-'
feﬂtigkbitﬂmﬁﬁﬂunbﬂﬂ naoh . der otor-%ethode. L '




g 80819

: o “ie erJtan sieben Benzinproben aind- -vor- ihre* LBuOPﬁhChung'mitmwm'wi
50w-i"arwégibrcalciumlanunb gewaachon worden. Die Oktanzuhlen liggen
Tbei 78 %is 80 und zZwar: zionlich ‘unabningig vonﬁdan oiedebrenaen (v81,

~ Versuchs-Nre 3; 4 und 5). Zin nicnt qyascheanﬂ'?ohproduktlerbab eine o

. oxtanzaxxl von 84,5 (Versuch 13)e - e T e
~— Die Proben 8; 9 und 10 warden vor Boatimung der Oktan :uhlen -

~ an cinem Kickelkontakt hydriert. Die OktaDZahlen;dieger Produkte lie-_
o __._3en wiachen 83 und 85,7.‘”i1;¢4u~m~wm~w:ﬁ e s
T Das“bei 1507 at and 450“w~thn1tane und vor. der flopffestigxexta-f'
' bestimmung hvdrierte Benzin (11).hattu nach.Zuaatz -von 0,08 Vol %~ .
""'hl’ite*raﬁthyi‘d£°—ﬁkt“nzalf;~=':aa“—b°1 150 ﬂt und 370¢ onts*andene f;‘
onain(12) Bebec. oot e e

-'7 .'A.,M.,A.,-;,___..

Schlnaa.

gw?wfff_f e

= : ausbeuten ve tur uu erhﬁhen. ;
'D;e zusammansatzung der aeaktlonaprodukta kcnﬂtc durch die ;uhi .
er “ynrhebebedingnngen in,aei*en— Lort kerdvas—So—konmtom
~~beisplelswelse die ‘Ausbeuten an Iaobutan von etwu f je %ebm, beim
M v;Arbe‘ten suf HSchstausbeuten un fltosizen !rodukmen, bis miuf 50 g Je
’ihcbm, §?¢wlnkuufhahne~cnta*r@cﬁénﬂ_bnr,n;erxzmbusbﬁxuuz‘arﬁinq#%yvn~w~?%““
iﬁﬁﬁle”%éhaurntogfen, gxutczgert werden, Lei. fenauerer. henntnis des ‘in-
. flusves der auaanmensetzunb ‘des’ Katalyeators’ wird €8 m¥glich gein, in . -
;;?”°°n~ﬁrhdﬂﬁerﬂmfunﬂﬂﬂ—ﬁié Bildun" b&stimater =rwanachtcr~h6h1 MWALSer=
- stoffe zu- “begh stigen, - : T S e
— ~Iuae—0kt§ﬁzaﬁlen der bei der uynthaae.ﬂntallondnnmﬁenaineAbe*ru-' -
Hffgen nach. eiiiiﬁlydrierunr und~£uaat” Yon ‘0,08 Vo 1'“’Blvitatxuﬁthv1 bis”' .
zu 95, “ird dus nebenner anfollerde- ;soba»ﬁn*fﬁ**ﬁi_”WEru -
;AlmilierqnbnnunzinJxerquae%;<?ann~ﬁﬂrftu ‘dandenisch der buideh Hens :”

dine ohne weiueres auf Cktunzuhlen von 1 dari] -.“¥h”acht7~érdeﬁw; .
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Jsosynthese ( 4509 -
E influss des Druckes’ auf die
Ausbeuie in einer Slufe

50 100 200 40
Druck —oat
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~ TECHNICAL REPORT No, 280-45 =~

SYNTHETIC COATINGS FOR GASOLINE TANKS

 SUKMARY

The application of synthetic cozatings to the inside
of tanks used for gasoline storage was investigated.

,For small tanks (up to 250 gallons) baked phenol-formal-
dehyde resin coatings were used, For larger tanks where
baking was impractical or impossible, a plasticized,
nitrocellulose, air-dried lacquer was used. This lac-
quer, however, was modified by the addition of a soluble
urea-formaldchydc. resin which was cured by the addition
of phosphoric acid to effect good-adhesion and to render
the film insoluble in gasoline, Tanks coated with this
lacquer have been satisfactorily in service for a period
of at least threc years. - ‘

— August 1945
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1. Introduction.

" Infaormation was deésired on the methods used by the Germans

for the coating of steel tanks to be .usedfor the storage of gas= — —

oline. In particular, the steel tanks used on- their warships were —
reportedly not appreciably corroded after at least three years of
service, - ‘ :

-~ made tanks—and containars of all 8i2e8.--This firm had made many

of the large tanks used in German warships and tankers and also
claimed to be one of the larger producers of "jerry" cang, the
ingenious clpsure of which was developed by Herr‘ﬁrﬂnvogel of this
firm. Details of the application of the coatings to the insides.
of these tanks were obtained from this company.

‘The composition of the lacquers used was learned from the
Wiederhold Lacquer Company at Hilden which supplied thems Infor- -
mation concerning the resins used in, the lacquers was obtained |
—at.I. G. Farbenindustrie in HYchst. "Here, also, the-method of
coating concrete taiks used for the storage of gasoline was ob-
tained from Dr. Dietz who supervised the construction of such

tanks in North 4Africa, Western France, and elsewhere,

The details of the coéﬁing of the steel tanks is the subject
of this report. The information pertaining.to the concrete tanks.
is being included in a morc camprehensive report. The coatirigs

-used for the concrete tarks is reportedly a phenol-formaldehyde
resin coating modified to render it‘resistant to alkali.
2. Discussion, _ o

For tanks up. to épproxiﬁatély 250 gallons capacity used for
gasoline, satisfactory results have been cbtained with a regular
baked phenol-formaldehyds doating. This type of coating is well

known in the. United States and will not be discussed, The men
interviewed stressed the important but often ignored fact that

A visit was made to the Schwalmer Iron Works at Schwelm which

D N -2w




005
2. Discussion (Cont'd); | o

. the.px:ope,rv_applicgib_ipg_o_t;the_pga&igg wls as necessary as the
choice of the material qud.' -

v For larger tanks a baked lining was impractical, The- tech-
nique involving the use of infra-red lamps recently exploited in
- ~ the United States has not been deweloped to any great extent in .
————  Germany.Consequently, an air drying nitrocellulose lacquer was
T used which contained a plasticizer and a small agount of a sol- _
uble urea-formaldehyde resin. The addition of phosphoric acid

to the lacquer effected further condensation of the urea- formal=-
dehyde resin- to the infusible state, This type of coating was

used op tanks of up to 30,000 gallons capacitye.

The method of application, together with the ccmposition of
the lacquer used, is as follows: The steel used was ordinary .
drum steel and was prepared for coating by the usual sand blasting
technique, Three coatings of the lacquer were then applied. These
coatings were brushed instead of sprayed because a more impervious
coating was obtained and healthier working conditions prevailed,
A higher boiling thinner than normally used was employed to de-
lay drying sufficiently to permit brushing. The seams and rivets
were carefully painted first, and then the whole surface includ-
ing the seams and rivéts was painted. : N

The comp,csipi,on_ﬁof,;the_ lacquer was:

~ Vehicle 20,0 percent
_ Pigment 20,0 percent
' Thigner'59.5 percent
| Phosphoric acid 0.5 percent.
~ The wvehicle consisted of two parts nitrocellulose and one
part trisresyl phosphate (a plasticizer) to which was added 10
percent by wcight of "Plastopal® iT. The pigment was one part
iron oxide.yellow and four parts aluminum for the first. and_third
coats ‘a’:nd"arll—almn:mmnﬂ‘or"“tmrsecond“cbatr**’l‘hervariation“wasffr» BRI
for~~—thef_pnrposc.@ofvidentifica,tionﬂonly..,_*:l‘he,_thinnen:solv_entk_mix:
ture was one part turpentine (B.P., 160 to 180°C.), one.part deca~ .
hydronaphthalene, and two parts of-eithet.ethylene or px;opylene::
glycol, ) _ '

>




L 80837

,:;_2. :rirtmscussion_@onl'd).-mfmv |

The ®Plastopal! used was one of a Qeries of similar formu-
~— -~ lations produced by I+ t'r*Farbenmdustrta—at—hdwtgshafan—Ther‘ P
- - . are primarily soluble urea-formaldehyde resins which are used.as ... = -
additives to different types of lacquers, often in conjunction :
with plasticizers, to improve certain propertics of the coatings .
obtained. "Plastopal®" AT specifically is a mixture of 23 percent’ = P
urea-formaldchyde resin, 27 percent ester of trimethylol propane
el . ..and adipic acid, and 50 percent butanol, In addition to an im-
: provement in the resistance to corrosion, an improvcment in ad=
hesion is claimed for the acid curing of the "Plastopal" AT,

These laoquers dried in 30 minutes on the test panel, but !

— * — irr-actuzﬂ;—us&a to-L—hours-were-allowed-to elapse-between-coatss——— ~—~A~—
' ' Air at 300C. was blown through the tanks to expedite the drying .
and to remove the solvent Vapors. , L _

The test work on panels coated in such a manncr was done in j
Berlin and was consequently not available at thc time of the in- 13
— = vestigation. However, tanks so coated, had been in service for o

- at least three years and no failures had been reportcd,

Although no extensive study of the coatings industry has been
made, this type of lacquer seems to indicate one trend in the Gere
: ' .man industry towards z cold-cured, plasticized lacquer which can-

: be applied to surfaces where baking of the hezat-getting resins ' 1
is impractical or impossible.

3 - , Prepared By:

J. W. BIDLLE, !'
Technician, oo » '




ERER SN T oA R TA G vedie ik LU OV himent oF S et b Y SR, R NPT e

s o
G

... . CODE 34) - FILE COPY

Tu‘.S-N AVAL-TECHNICAL- MISSION- ) N-EUROPE

Unclassified by -
P-23-F2

Serial no. 4000P23
___dated 26 Nov. 1945 = =




U. Se NA.VAL ‘mmIICI.L MISSION m EUROI"‘
.- ofo Floct Poat Officeo
Now York, I)‘.Y.

From:  Chiof, U.S. Naval Tochniocal lfission in Zuropec.
To Chiof of Naval Oncrations (0P-16—2T). :

Sub ject: U.S. Naval Tochnical ’2isa:.on 1 m
¥ +=——-———————RoportNos

Vinyl Acota.to in Gomany - Forvarding of.

3nclosuros: (A) (1) Gomploto conice Nos. 1 — 5 of subjecct
S . .——rcoort as-listod in distribution. —— - - —
T (B) (#:7) Pourtoon (14) copios of subjoct r-.port
T ~ Boo. 12 - 25, without photogranhs, as ’
1listed in distribution.
(C) (17} Onc (1) sot of nczmtivos of photopranhs
in subjoct ranort "'itn copy No. » vith-
out shotogranhs. - S

l. “elosurcs (..), (B) and (C)‘ arc forvarded herowita.

2. oo (0P-16-PT) is. roquoa‘bod to makn cam)lcto addit-—
_ional copics of this roport for forimrding to such othcr agencics
a8 may bo intorostod

0(/17.’ (,&W% A

HERY D. HOFRUN, 7
Capt&m, UOS‘N.,
Ieting,

DISTRIBUTION To: .

CNO(OP"16-H) ...‘ooloog.o.c.o.oo-ooo....o... cOpy NOB. 1 - 5

CI0s .’ APO 413 o....o.c’..oo'o.oooooooo-oo.o..n Copy No. 6

B\lShipB 000000000 as8000sso8s0cscs000s0ss00e CO)YW 7" 8

Comilaviil eceessvcecssccnscsscccsssscccccasses Copy lio. 9 )
conih‘ruuiorﬁl\dmuﬂltpt&“ﬂ*mm P .:.—.—.COI}VAN Oy — I e
0fficoc of Rosou‘ch ond Invontion veecscasses CODy No. 11

CIo (OP-16—P'1‘) sccee \/ ")hOtO:p.'aphB scsenee CO3y Nos. 12 .- 25

clo (01’-16-??) ececees V/ENclosuro C eeeccess Cony No.

i

v




TECHNICAL REPORT NO. 281-45

" THE PRODUCTION OF MONOMERIC-VINYL ACITATE IN GERMANY

SUMMARY
Nomoeric vinyl acetate was produced 1% Germany
“by-the vapor phase reaction of acetylene and acetic
acid in the presence. of zino acetete catalyst at
170 to 200°C, The catalyst was supported on activa-
ted carbon and had a maximum life of 800 tons of
vinyl acetate psr 2.2 tons of catalyst, or four
months at the rated capacity of 200 tons per month,
The reactor was a tube and shell vessel with 50 mm
tubes 3.5 meters long in which the yleld per pass
was 32 per oent. Development work iandicated that
35 mm tubes would effcect higher ylelds, Efficiencles. :
- -——ware reportedly very high with only traces of scetalde- =
hyde formed.

August. 1945 . ~
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l. Introduction,

This report dsescribes the process used in Germany
for the production of monomeric vinyl acetate, The
information was obtained from Dr¢ Alexander Wacker & :
Company at Burghausen who have been making vinyk3acetate
by this process since 1928, Afore recently a plant was
installed at the I, G. Farbenindustrie works at Hoochst
for which the Wacker process was used. The capécity at
Brughausen was 200 tons per month, whereas that at Hochst
was reportedly 900 to 1,000 tons per month;

‘~¥he~basic~pr&nciples*of*this“prbbéBS”éré”RﬁﬁﬁﬁjIH""
the United States., The details are described in this
report, to supplement the existing information.

2. Description of the Process.

‘ ] t Burghausen by the
vapor phase rcaction of acetylene and acetic agetic

acid in the presencs of zinc acetate catalyst, ‘Activated
carbon was used as the catalyst supgort. Thg temperature

of ‘the reaction wes raised from 170°C to 200¥C as the
capglyst became less effective, .

- Vinyl acetste was produced &

. A simplified flow sheet of the process has been
drawn in Figure 1. (A copy of a more detailed flow sheet
~end @ copy of a drawing of the reactor which could not
be reproduced with the availabls facilities have been

forwarded to the Bureau of Ships).

The acetylene was prepared from calejum carbide
and cleaned with aqueous chlorine previous to delivery
at the vinyl acetate unit, Here it was dried by passage
through calcium carbide (I) and subsequently cleaned
by a mixture of sodium-dichromate; sul
kieselghur (II)., These two cleaning operations were very
important, because any impurities in the acetvyiene caused
by-product. formation and efficiency losses. . T '
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- 2. _Description of the Process (Cont'd).

. /—~ - The clean, dry acatylene was introduced by a -blower

'~ (III) to the acetic acid vaporizer, The upper portion of
this vaporizer was packed with 1-in. raschig ripngs to pre-
vent entrainement.! A steam coll was inserted above the -
rings to vaporize any liquid which might still have been
in the gases. The ratio of acetylene to acetic acid was
regulated by standard flow meters and rotameters not shown

on the flow sheet,

~

- The mixture of acetylene-and acetic acid vapors was -
preheated to 13590 to 1500C in (V) and fuith er heated to
160° to 170°C.in the heat exchanger (VI). From hare the
gases flowed through electric heaters (VIII) which were
necessary in the absence of high temperature stedm to
boost the temperature to 200°C when the catalyst was 0ld.

The reactor (VIII) was an iron tube and shell vessel
approximately 8 feet in diameter and 18 fect high and
contained 789 tubes 50 mm in diameter and 3.5 meters long.
01l was circulated around the -tubes to maintalin a desired
temperature, At Hochst the regular reactors .for the Fisher-
Tropsch process were uscds- Recent work in a pilot plant
reactor showed that 35 mm tubes gave better yields per pass.
(80 per cent instead of 321 per cent).

The catalyst was prepared by impregnating 3 mm cubes
of activated carbon (I.G.'s Akt-3) with 70 per cent by
welght of zinec acetate., The longest 1ife for any one batch
of .catalyst was reported to have been 800 tons of vinyl
acetate for 2,2 tons of catalyst, or four months at the
rated capacity of 200 tons per month., The life of the
gatalyst was shortened 1f the unit was overloaded or the

e

If the raw materials were preﬁared properly, the

temperature of the .reactor controlled nicely, and the
capacity of the unit not exceeded, no by proéucts other
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2, Descripgégn of the Process (cont'd).

than a trace of acetaldehyde were formed, As could

be expected, moisture in the feed caused the formation
of acetaldehyde and high temperatures caused the ror-
mation of acetone, , A

The reaction products were cooled in a series of
coolers (IX and X) were most of the vinyl acetate and
acetic acid condensed, and the remaining gases were ,
passed thru and scrubbed (XI) to resmove the remaining

" traces of liquid from the gas before it was recycled,

The liquid from the coolers contained approximately
40 per cent vinyl acetate, dissolved acetylene, and
acetic acid, Separation of this mixture was in packed
distillation towers., No difficulties with polymerization- ——
in the columns was clasimed, although hydroquinone was ;
sometimes added to inhibit polymirization,

Generally speaking the materials of construction
recommended were 1iron for the vapor phase and stainless
steel for the licuid ohmse, Aluminum had been K satisfactory
for the storage of acetic acid, but stainless sSteel was

preferred, = ... . ._. . e

gS

30 Uses.

The vinyl acetate produced at Alexander Wacker &

Company was used primarily in enulsion polymerization
to make hydrosols of polyvinyl acetate. Smaller emounts

however, were used in suspension and solution polymeriza-

tion, F?r the emulslion polymerization 5 per cent nolyvinyl
alcohol (based on monomer) was used and for the suspension

polymerization 0,02 per cent was used,

A
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3e Uses (Cont'd).

" Copolymers of vinyl chloride and vinyl acetate = =
—containing 40 per cent vinyl acetate were also made by
@ suspension polymerization in which a small amount
of polyvinyl alcohol served as the suspending agent,
These copolymers which are of higher vinyl acetate
content -than normally produced in the United States
are used mainly in lacquers, : : )

Prepared by:

J. W, BIDDLE,
Technician.
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' This report covers fhe study of Gprﬁgh“ﬁﬁfgiwgﬁgiﬁt
Oils. The data was obtained from Dahisch Nienhoff, Kiel, -

Flenshure and Flumhude.

September 1947

-

NAVAL‘TJCHHICAJTIHEEHﬁK:TN”EﬁRGPE.




Introduction . ,
COnclusions and Recomrendations
Demands Lfor: Fue1.01l

Sources of Supply

- Blending Procedure“"4'571~E~J°iﬁﬁﬂf;7w‘l

Quality orfComponenta
chpe of German Tests
Lnalysis of Fuel Oils and Blends

Analyses

Bib?.iographxw. B




80850

é e W‘W‘;m_.-:::;mmw-—- S
' : S - - -

GERMAN NAVAL FUEL OIL

- In order to complete the general survey by -the U.

S. Naval Technical Mission in Europe of the Gzr~gn Syn-

thetic oil industry, a trip was made to Kiel, Hamburg

and Flensburg to study German Naval fuel oils, The pro-~

blemwof~fuel~011,supplyfduring“the“war‘wés'a~aitf1cu1t'

‘one for the Germans, due to the lack of natural

and . the scarcity of" certain synthetic components

er blending. nner in which these difficult

analyzed and overcome is of considerable interest to the
S. Navy, in view of current long rance planning to

~ develop shale oils and synthetic producte. .

— r»menwgeneral;”the“GermanEWﬁéig“fééed with the same
problems of stability and compatsbility, in storage and
on board, as the U. S. Navy. They have also had accidents
due to explosive fuels which they have overcome succegs-
fully. They have studied their problems in much the same
manner as our navy but have not attempted to construct a
unit such-as the N.B.T.L. test haater. Furthermore, the
synthetic oils used and the limitations of furnace esign

required an additional study of cgmhuéhinn=charactezisticzr~

within the Turnace which the U.S. 'avy has not, in general,
had to do. It is interesting tc note that everyv ship in

w,_t:,.he_J.‘ierumn_Na-‘zst,:_,gx.,c;,_l.nd_j.,ng subrarines, was equipped with

a Jentsch o1l testing unit which was operated by specially
trained personnel. A constant check on -all the important
~specifications was hence always available wlthout require
ing shipment of samples to land-based laboratories.
Jentsch test unit 1is particularly valuable for discover-
-ing-explosive fuels. ' :

2. Conclusions and Recommendationg.

~ The information and data obtained on the mamufacture,
blending and use of synthetic fuels should be carefully
reveiwed by U.S8. experts as a guide to future long range




~~The-use of the Jentsch Test Unit should be studied

as a possible means of spotting dangeroqs explosive fuels,
both -on board ships and in bulk storage installations.

3. Demunds for ggel Oil o -

The German Vavy requirad in 1942 and 1943 anlaverage ,
monthty“supply'of’fuel 011 ofs.

For the fleet and coastal derense crart....8o OOO tons
Por transports, cargo, and general :
T *Operations.. acooooooo-aooo-onnoooooolo ooo

- ?otal ~ 905000 tonamfwr -

At the beginning of 1945,_the demands were' o -

For the fleet and coastal defense craft....65,000 tons.
~Fop-transports, cargo and general - .
. operations.............0.............. 5, "

Total 70,000 tons

At the bcginning‘eg—the_wa;—thg following QLantitiea
on hand:

',.“row"EEXicén and Roumanlan crudc....;.....4<0 000 sons
Lignite tar 011....0.0l............l...... 12mo '.
- Hydrogenated pitch O0il.ceeccecccccacesnnes 15, "

Total . 477,000 tons

At the end of- the war, the follcwing quantities were--
on han&l , .

Various residues..........................133,000 tons
Crude petroleUMec.cccs ccsesccsas . scncesses 535000 "
- Finished fuel oil blendS.c.eeveraocncsnens 60,000 -

Total 246,000 tons




4. Sources og‘ggggng;

- ‘The,main~sources‘owaarman Navai fuel oil were as
fOllOWS' ‘ \; .

(1) Roumani& (Pacura-and others)
(2) Germany (Nienhagen)
“{3) Mexico (up to-1940) - -
(4) 1Iraq (from captured French supplies)

V .—)_— _78! 13 0 !! ) ' - ~ .__A.‘*_.._,_._ e e T

© (1) Esthomia. .
@) Wurtemburg '

(e) Hard Coal
(1) High temperature distillation tar

~ (2) Low temperature distillation tar
~€3) -Hydrogenation of sare — —

(1) Low temperature distillation tar ;
12) Hydrogenation of same

) (e) gytg
PN ¢ DN Hydrogenation of same. .

In general, the Gerran Navy's supply of fuel remain-
ed fairly constant throughout the war. Bombing caused
~-damage - to both retrcleum refineries-and synthetic oil =
plants, but the locss from the foj Lwas generally made up

by quantities of synthetic middl which could not bde

finished to gasolines at other 7 fand hence were avail
able as Navaifuels.: : > : -




Sources of Supply $Qgg§'g} 

————— - =-The-German Navy's -supplies of natural-petroleum . .
fuel was very limited at the outset of the war and remain- R

"ed.so throughout. Various residues were ayallable from
Roumania, especially Pacomra, which' were of such-inferior - |

- quality as to be unuseable for hydrogenation to better . .
products. For this reason it was given to-the Navy. ‘Dwe. ~ . = =
to its very high pour point (s 400C) the Navy could only =
use-it-in-coastwlse vessels. At the outbreak of the war,
the Roumanians supplied Germany with 30,000 tons/month. o
““After—Ger=any occupied that country the yleld was railsed

- £0-90,000-tons/month. —This increase allowed Germany to -

supply Italy with 50,000 tons/month for a year or so.

Eéi éi'r“é”{‘f:if.:f ':*r “jfi~wjfg;w~wf~»3vA—;..“ e

%

“The.oil production from the German field at Nienhagen

was-alwaxs&reserved“fpr”yﬁbricating“oilfmanﬁra§ “‘é;fanﬂj

onlyfimgit%agaqataﬁeve;;egté@bd&ﬂg&al;f&élgsuppliqs,5:¢;,

R “‘,,_____Eézi_c_ rsuppft ad__Ger| a w,withccnsiderab}e.amo“nt 8’;,;;'_'.' e L D T
of oil before the war, but as the supply was cut off at
the ovtbreak of hostilities, it played only a small part
- in the prosecution of the war. - . R

- of greéfébmiaiaiigﬁéé to Gerrany were the large supp-
lies of French Naval 0il taken after:the fall of France.
This cil was slmost wholly reduced Iraq.crude havinga

very high viscosity. As such it had to be blended, since
its average viscosity was 350 Engler at 209C (Max. values
as high as 1000 Engler at 20°C), to meet the German spec-
jfications of 12-15° ingler at 20°C. -

- . ' - ! ) '

Atl shale o0il used as a frigl oil came from
Esthonia., This supgly was cut off vhen Russia took over
that country in 1939 but was agaln avallable after Germany
invaded Russia. It amounted to 8,000 tons per month.

... -At_the end of the war, considorable-development-o
the Turtemburg shale deposit was under way. As.far as

-6~
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Sources of Supply (Cont'd) P L

. is known, only a_very'Small»amqunt of heavy Diesel fuel
vesulted from this work. The quality was poor and the
oil was usedfbnlyfinftarmmtractogsfand:notfonthyalMvesaelJ

, . The Esthoniahlshalehbil 4s fairly heavy (API of 10°)
and is very viscous at 5°C (470° Engler). It is falrly
_aromatic having a conradson carbca of 4.1. =~ |

:,,.,“u,”,ﬂ,D;gt;l;gtionrunits\prgduced‘hard coal tars for
tre. Havy through out the war at Hochfeld and Dulsberg- '

"“Neiderich:”vThesgzwere%bombedwout:1n:1945,wbu§fezz:afpapg,»V
2city was made available for the Navy at Rauxel which kept
vp the yields of tars. e

~ These tars by themselves are d@irficult to use .becaunse
“the ant acine”and{maphtbalene*whichithey»conta1nfsett1§3
out at 8°C. To overcome this, a hydrogenated pitech oil
was added to the blend, which was made at Ruhrol-GmbH. -

_ This plant was bombed in 1544, so that the overall quality
of Naval fuel oil wes cqnstderabty”lbwered‘w-%hewNavy* -

?artly overcame this quglity:changeby altering their heat-

ing pr 2_in the ships bunkers, ' ]

(@) Lignite Tars - ‘ o ‘
© ' Gonsiderable lignite tar was available in Germ-
any for the Navy. This, liite hard coal tear, was unuseable
by 1ggelf as it contained 20% wax and had ‘a pour .point
of 38~C. , P

A IIEﬁIte‘tar‘ﬁtiwwasﬁprodueedzat;Dea;Rositzztoxétngéi&';;;;m
HJavy at the rate of 12,000 tons/month. This plant was ‘ o
bombed in July 1944, greatly reducing the quallity of the

fuel blends. ' R




. .5 glegding Procedure 1 _
* As was the case with other fuels, all heavy fuel
oil blends were made at the Naval storage depots. The
ccoponents were sentfby”ﬁﬁétrfréspecttVE%maﬁufaeturers.
tc the Zentralburc who in turn diverted the stocks to
the Naval Dumps, Achim, Flemhude, Blechhorde, Gydinls,
- and "ilhelmshaven. R | = :

. _.Here»—r»the—~--cﬁemist—~-in Charjgev,.iouid,ﬁa'nalyze, ,,t_h_e\_;il_y,fl;il,éls;., o
and . blend them;to'meettpre-establishedtspecifications.'

" In no case was a final blend made at the original-source - — -
A of.i:upply, 1.e. hydrogenation plant, coal distillation

-;;—AA’!—~—-—f‘~-»~~-~—;—__;I;—_tf;;;s~also~imporxant_to_ﬁnqt§;§b,atg,_:-_j;.he Germans were .
» forced to'uiéWtwO‘quality'fuel*oils-;~oné?formshipssw"eeﬁﬂfn,mmw
ent-ring the Korth sea where contact with British ships
.. and_planes was exnected, and another of inferior quality _

‘f“~ for coastél“gaafBalttcjuparations;*w*fW***4?”***é*“n —

Thé“qu311ty”of'ﬁﬁé“&dﬁﬁaﬁéﬁf“ﬁ§é&i1ﬁ*biandingfﬁpra*:aw~-»-
finished oil is givgn in the follqwing.table. LN el

The finished oil resulting from tiils blend was not
unlikre Navy Special Fuel 0il. The viscosity was 12-159
Engler,—pour;polntfhelcw"DUC,~3ulru:mcontgnt&gggwqyggﬂM“_wwvﬁ . ‘
0.05%. At the end of the war, due to shortages, the - T
pour. point rose to 80C in the Baltic service. Also-the :
large amount of pitch blends used often produced stack
sparks which were most undesireable. : N B




- ' - Topped usthonian
Speci’ication Iranian. Shale

Residue

A Lignixe - Coal

011 ~Tar . Tar

Distilled Hydrogen-~

atedCoal
01l Residue

- - —Ash-Content-

Color(Ostwald
"8p.Gr .@20°C
#gl Ehgl
S(./. e
@5°C

- @20°C .
_,ﬂA1@SO°c_‘;;;”
@1.00°C

' High ‘Heat -

alue~KCa1*ﬂ_‘_10,325

'Low KCal Valu
Analysis*

" s
___ _" _Creosote
Tater Content

Ho

acld Content
“{as 803)
Solvency-

norm.Gasoline

0.923i
- 22
210
d'1.7
a 9,7
48743

1.81
o

- 1.10
0,06

- 0.04— 01— 0 9Q~——e~ee4

- 0.65

'WS;i,'“

11. 03 "

' 0.949
," Y]

’6"§*j“'

1 0%7'

2.15
1.5
. 1l
Loo

432*

-3

955
& - 383%2
8.42

§3
.61 10. 20
0.86 - 0.66:
1.0 0.3
-0.0L— -+ O3

0.2

1.015
_Lfg.sru_

- 0.34
4.0

~9 460 3 Sla_ﬁ,liz_J 518_,_ B

0. 2

005** —TPrace— —Trace -

0

Solvency-Al-"
cbhol Sther
Solvency-

3.61

0o .02

4

0.23

o,s 0.8

0.16

0.02

0.76
4.1

- Xylol -
Con Carbon
Flash Pt -
gensky>Hartens'

. Pour ‘Pt. St
" Fire Pt.°C

0.05
v50.9 007 - 0125 1.4

Ed

184

94
-15
148

110
el
186

. 937
=20
130

85
-15
136

* These data do nct add up to 1008. The C & Hg vere pro-
b2bly found by combustion. The creosote was found
separately.
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~ RSSULTS_FROM JEMTSCH TEST UNIT

Flash Pt.oC ~ ~112 .96 - 89 94
Taporization '

_Tirze 3sc: —~160-— 90— 50— 30
‘Self Ignition - B
265 304 298 441

Tem, e
- Higher Frim- L : . , .
ing Value 500 - 550 - 600
Lower Pprim- .. - 2 |
ing Valuea~ 6.2 4.2
Charactarise T e e
tic Triming
Talve
—Ignition Vag , A
~3309.c:H:T:”:]..i.:“ T Ty
3400C 0.8
e —5809C: Tt e
Residue @ - . o o
————5009C=- 5,5 3.4
| - 3506°Cc @ 61.0 3.6
- —Boiling No.~ 1 = —-P—c—
Corparisen
Ne. e 3% 21
Oxidation .
Oxidation S '
Residue . L [ . T U R e e
Height - R.5 L 2 120 10

5.5 3.4

The comparison munbers and ignition lag indicate s -
that _the topped Iranian crude-has-a much greater parafe
fincity than the other components. The .oxidation residue . L
heights show that the distilled tar oil is the most sus- i
ceptible to chemical change while the topped Iranian
crude and tha hydrogenated coal oil are the least so. .

P PO,




7. Scope of German Tegts
» great deal of work has been done on combustion
testing. Dr. Meyer wrote an extensive report covering
werk done by the. "Chemische und Physikalische Versuchs
Anstalt" of the Gerrman Navy in 1939. 1In this he analyzed -
aporoximately 100 oils both natural and synthetic, in-.
dividually and in blenés with one another. This.report
is available. A subsequent report on a much larger ‘scope,
dealing mostly with synthatic oil and their blends was
printed.but has been lost due to bombing. An attempt 1s
T ba ﬁ”“mﬁae“t0“obtain“a~copy*offthis*repethas_ita_contentsw_mWﬁ
shontd be veny~valuab}e;~ _ - A
o - Dr. Meyer proved that very heavy synthetic asphalts
could be used as fuel oil 3f cut back with 2 non-asphal=
tic~petroleum'stoek~aud'a~tar~oilﬂfrom;carb991&158;§9ﬁlx_u _
To prevent the heavy asphaltic material from dropping out
of .solution, the relative amounts of distilled tar and
petrbléﬁm’cutter-stoeks‘should‘bewahout the same. S

“"“ﬂwﬂé”ﬁlsb'did'con31aerabte‘wofk*cnfmeasurinS”‘nrfacom
tension, as this has a large;effect on miscability. He
reports the fcllowing"values. o - S e

Petroleum " : 27 dynes/sq.cm
Heavy Petroleum ’ n
Lignite Tar Oil " : ‘
Hard Coal 011 34 " |
ssthonian Shale e
011 | "
Hard Coal Tar o
-01l . | "
Hydrogenated . »
S, AP_I_t.-ch.x;, - "

The work on gompat#bility and stability of blends
was dona bv Dr. W. Deman of the Krupp Gesellschaft at
Essen. He was trying to develap means of using low_ temp-
erature distillation coal tars in blends of fuel oil.
Since this matarial contained much frce asphalt and carbon, -




.

" fire noints, pour roiant, and conra

norral comnounds.
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Scope of German Tes ( ont'

the problem was a dif’icult one. ‘He found that in blend-
ing tars ard Diesel oils, certain blends eculd be used
while others prcduced considerable sludge. That he was
successful is proven by the faot that the German Navy
was using ciostly ‘pitch as a fuel 0il at the end of the
war,\without encountering any no*icable sludge trouhle..m

X general tbe—Germaas~analyse their fuel -oil-mueh

-the sare way as 1s done in the U. 8. " The standard test

of . soecific‘gravity, water conteut"“viscosity;‘rlash’ann
ason carbon are:.alwvays
rada. Ia addition to these, caertain solvency tests are

e an_usingmﬁnormal"_gasoline,mether-alcohol,_and~xylplhﬂm;;t:::::3_

as sol-ents instead of bengol, eyclo<hexane, and 1so-
prentane as is done in the U, S. The "normal" ‘gascline
-1s a narrow bolling- renge product having both 1so=and

These solvency tests are 1ntermreted 1n much the
same way as in the U. S. An attempt is made-when making
blends to get tho proper distribution.of solvency -to keep
' the frae carbon and heavy asphaltic .ompounds in solution.

This 1s very important when mixing tars from coa

ation, hydrogenation, residues, etc. ‘The danger ot mixb
ing a parrafinic cutter-stock with an aswheltic residue
is well understood 1n Gerrany.

-J-No éttempt bas been ‘made by tha Cermans to. develop -
anything lile the N _B.T.L. test henter. Certain tests
were run at Deschimag, Bremen on srall boiler installations,

-but- these_were~more—e£—e~burner~development—progr&m than~an—~~¥ﬁﬁmwwe

oil testing procedure.

Considerable work has been done on measurtng the sSure
f-ce tension of various oils. This was in conjunction ,
with the 3aacke burner which breaks up the oil drops to.
the -desired size- through-a*rotary'spinntng’devtce< —The -

o optimum drOp size - and corresnonding steam requireqente of .

S 1ze




of the burner were thus obtained. I -
9. Analyses

S fmhe-codbustion tasts are carried out. to. obtain the
proper burning characteristiecs j.e. flame length, ignit-
ion lag, smoke, residue, ash, while the compatibility -
tests deal with the problem of sludg: formation udder long
time storage. L L e L ¥ '

—

- —The combustion .éﬁarseter:l;;stics:ar&fg.anerallyr;_;gxeai,sgped
on a VWjentsch Primory YValue Tester”. This' piace of app-
aratus 1s1p1§bed}aboard~evary¢Gcrman‘Naval«vessalw;pclud-
4 ing subrarines. IheJrdllowing;tests~are,madefqn,the one
- piece of equipment. S : - .

(a) Flash point . - S e -

(b) Firepoint - -~ ..

) Self ignition temperaturads - - -

 Lower priming value s )

-Higher priming value - R
;Characteristic.priming"value:(fro@ (a) and (e))
‘Residue at 350°C and 500°%C - B
Conradson carbon - - e
Vaporization time factor
Boliiing number - T

. Oxidation value .
Ienition lag .. .=

”~~
o ot

\?VV

5 Y0 O
o o A o o

From the above data,.d*éémﬁéfiébn number is obtained
through nomograms by which th» various fucls can be com-
pared with one another. L ; :

= Pna-unit consists ‘of -a—solid:steel block -having 4. ..
round chambers, 15 mm diam, and 38 m~ high. The block is .
surrounded by a heating unit of high resistance wire,
properly insulated. The temperatura is gontrolled by a
rehostat. In the middle of the block, betwesn the 4 .
charbers, is a hole leading %o the bottom of each of the
4 -charnbers. Through this, oxygen is passad from a meas-
---—-uring-device fwhi—cbf:contr_qlfsf~§ha,jqpaptitp,hx_gn?._gniggqg:

‘-l 3-,




 an auxiliary stand with a mirror,'electric light and .
'~air iet completes the general assembly. S

: . One of the salient features of this unit is the -

- small gquantity of oil required. In many tests only-‘drops
are needad. The temperatures can be accurately measured,
eitger by’ thermo-couples in the 4th chamber or by a therm-
ometer. - | .

The first figure obtained is the self fgnition temp-
- erature. This is the lowest temperaturo-at-which the oil
: spontaneously ignites when oxygan is added, *Many-ofls ==~
may have the same self-ignition temperature but the guan-
- tity of oxygen may vary from 1l to:10. The two variables,-
- . temperatures andoxygan content are combiued in a factor,
S — 81—l ps Ve B tm~~w-4wherem$~w<'~~'>m
“be L -
t = the lowest sclf ign*tion temperature and. b is the N
‘number of oxygen bubbles/min. - 60 -bubbles/min- equa]_ 5~¢c e e
of oxygen per minuto.'

Next the "higher priming value" is found. This is
the temperature at which combustion occurs- with no oxygen
added, hence

R o'- o,‘Eﬁd7ﬁ.§}v..;"_ﬁi%iii_'h t;g

o From the above two quantities, the'“chﬁracteristic
briming value" is found: - N ‘

-where ty- and- te are the~temperatures -of ~higher: and~1ower;~;“”-
priring values, and b = the no. of oxygen bubbles/min C
for the 1.p.b. For low ignition delay, such as is wanted

in diesel and fuel oils, the c.p.v. should be as high as
possible 1.e., a fuel should réquire small amounts of
oxygen to produce its 1. pP.Vv. A pasoline to have good

- octane- numbers.- should ‘have-a: CePeV. as-low as possible, i.e.

-




- B
- L .

-dnalyses onttd) -

i1t should be able to be heated to a high temperature with-
,, mtxlt igniting spontansously, even in an-oxygen rich-atmos-
phere. - » S T

| These facts are brought out in the nomograms drawn .
- up by Dr. Jentsch for the two types of fuels. The phy=..
sical characteristics are set by the boiling range apd .
self ignition temperature. The final results, or."Cof. .
garison number” 1s comparable to octane and cetane rat- "
ngss - - o Tt b - D |

" The bolling range is obtained on the tcst unit by an

- ingenious- timing method-in which the oil is put in-a-¢cyle - ..

inder at 4009C and the volumetric. amount remaining after .
a specified time is obtained. - ‘ , S

- The Conradson carbon valub'1s obtainad by plasing

12 drops of fuel in a cup in the cylinder ot 500°C for
-2 minutes.. The matorial remaining after that is placed
in a colorimetric tester and a very quick value obtalned.

. The final tasst of importance is the oxidation test.
This somewhat resambles the stability test used in Ameri- .
ca, but is again carriad out- on the Jentsch unit. One

cc of oil is hesated up in the unit to 250°C for 12 min-
utes while oxygen, at the rate of 300-bubbles/min. is—
passed through it. At the end of this time, the oil 1is
mixed with 10 cc of "normal" gasoline (a mixturs of iso

' and normal parafines) and allowed to stand for 15 minutes. -

At the end of this time the height of sludge 1s measured |
volumetrically. . _ -, ;

AL e
-—

LTI T IR “:P;_ep_ared ~,b¥3

R. C. ALDRICH
Lieut. U.S.N.R. -
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: (a) . "Vorschriften fiir die Pflege dor Schmierstoffe
sowie HeizBle und der Flissigen Kraftstoffe" (Instruct-
-~ ions for Handling Lubricating 0Oils as well as Fuel Oils -~
. and other Liquid Fuels). Published by the German Navy-
. 1938, M.Dv.Nr. 847 - ST A '

(b)) "Bericht {iber HeizBle und Mischungsvarsuvche. -
mit HeizBlen" von Dr. Meyer, Chemische Physikalische
Versuchsanstalt (Report on Fuel 0Oils and Blends of the
: : same, written for the Naval Physical and Chemical Lab-
{-‘('au—ﬁwmmoratorijDr‘mMeyer).v-r~wiu o T T s
T -(c) "Mischbarkeit von HeizBlen" von Dr. 9. Jemann, -
e Bssen, Sonderabdrvkt aus Nr. 5 Jahrgang 1940-der Berg - -
- und Huttenmannischen Zeitschrift Gluckauf' (Miscibility
of Fucl 0ils by Dr.  W. Demann) e

(d) An article pubLishédfby Dr. Demann in Forsch- -
- ungbarichte Feb., 1943. "Viscosimetric Methods of Ev-
- -aluating the miscibiLity of Hydrocagpons,\g§?ecially

: *.H.,.-_hqm_;_ﬁ;‘Fuelf_Oi.lJL_‘._;m.,,,,.,, SR : T — e

e (£) Patent of Dr. W. Demann
D.R.P. 710.665 K1 42 . .
Applied for 14-6-39 L
Awarded 18-0-41: .

' (g) An article published by J. Pluckthun in "For-
schungsberichte Jan 1942 entitled "Versuch Uber gegensei-
‘tige Ldsungsfirhigkeit von TeerBlen" (IZxperiments on the:
mutual solubilities of tar oils). , .

~
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‘Description of an additive to lubricating oil de-
veloped for decreasing the break-in period of aircraft -
gaeol.tne enginoa from 50 bours to 10 hours.

Thin information was previcusly forwarded as NavTecs -

_MisBEu Letter Report No, 119-45, File No. A 9-8 (1om),
Serial 452, dated 12 June 1945.

. September 1945 -
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~ ADDITIVE FOR LUBRIGATING OIL

8C870

- -~ 1. ‘The information reported -herein was obtained during an’
interrogation of Dr. Werk of the I-G Farbenindustrie at the Leverkusen |
Plant on 26 May 1945. To speed up delivery of aircraft engines, effort - -
was directed toward finding an oil additive to decrease the time for
‘the break-in period. In a long research which involved the preparatioh
of many compounds, one successful ‘compound was developed. This 1s a
) concglienaation product of phenyl chloride with phosphorous oxychloride
to give: . ] L Lt )

ran '

c1 .0
Qe

aa<d” T

The solubility of this compound in lubricating oil was increased by
 preparing its stearylamine salt, Thé¢ additive is used in concentra-
tions .of 0.5 to 1.0 percent by weight based on the phosphorous and

was successful in reducing the break-in period from an average of 50
hours to an average of 10 hours. &4 quantity of approximately 10 tons
per. year wes manufactured by directive of the Luftfafirt Ministerium -
and the entire production was used by Deiinler-Benz and Junkers, manu- -
facturers of engines for aircraft. = ‘ ‘ IR

" 2. This additive is somewhat corrosive, a property -claimed
to be desirable for the break-in period, but not desirable for general
use, For this reason it is not proposed as a general use additive for
oils. . N . L L - s . .
e 3. Phenyl chloridé and phosphorous oxychloride react.in the
normal manner of a Friedel-Crafts ‘condensation in the presence of
aluminum chloride according to the following equation: :

c1 0 c1
0O=P= Cl ¥+ 2> €1 A4lCl3y 0=P-C1
ca . S

-2
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e ' k. The appars.t.us ussd is a cmventional glass-l:l.ned atpsl
‘autoclave equipped with an agitator and effluent duct for the by- ¢
product hydrogen chloride. The optimum reaction temperature is given
as 130° C.. Aluminum chloride is not used in catalytic ‘quantities but .
in amounts varying .from one to three mols per mpl of phosphorous com- - -
po;xnd. The crude reaction product is “then hydrolyzed by treating with
water: ' o . _ A

| '~¢c1"'
0= g—c:t + Hzo—-—-) O=PoCl 4 HAL
°a \oa‘

-

' " 5. The phosphorous compound i8. separated from the aqueous
media by extraction with benzene. The bengene is removed by distil-
lation and the resulting acid phosphorous compound is treated with
stearylamine to give the following compoundt - ,

'+ ‘ T
[018337“] 0-F -Q0C
&

3 6. Other amines including the ethanelamines, have been tried
- but were not as successful as the stearyl compound. In spite of the .____
shortage of stearin, containing materials which are among the edible
fats, it was deemed i.mporbant to use the stearyla.m.ne hers instead of
a less desirable substitut.e material.

7. It is to be noted that a production of only 10 tons per
yeaxr was contemplated which, in concentration of one percent means only
1000 tons of lubrieating o::.l. No information given as to the quantity
actually produced. Furthermore the fact that the product is corrosive R
and that its use is advocated by only one Germen technician, leads to

. the belief that this is not a currently used additive, but one which
is merely in the process of developnent under the guidance of Dr.

Werk

!

Prepared by:

~ F. H. ROBERTS,
Technician. -

-3’-
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TECHNICAL REPORT NO. - 45

METHANE CRACKING BY PARTIAL COMBUSTION WITH OXYGEN OR AIR
 IN GERMANY

This report records information obtained by technical investigators
on processes for the cracking of methane in coke oven gas and of pure
methane by the partial combustion with oxygen or air in Germany for the
production of hydrogen, hydrogen-carbon monoxide mixtures, hydrogen-
nitrogen mixtures and acetylene. ' :

‘ The report describes several processes and the factors controlling
them. The emphasis has been upon those parts of the processes which are

not common in the United States, the more common elements having been

omitted. The appendix contains flow diagrams and copies of selected

original German documents pertinent to the subject, which serve to elabo-

rate on the chemical engineering phases and the development of the processes.

Augusigh45

U.S. NAVAL TECHNICAL MISSION IN EUROPE
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INTRODUCT;Ig\

In spite of the scarcity of hydrocarbons in Germany it has been only
since the beginning of the war’ that the Germans have developed and brought
into large scale use, processes for converting the common methane or
methane-containing gases into hydrocarbon products suitable for chemical
purposes. Until comparatively recently coke oven gas, as well as residual
hydrogenation Fischer-Tropsch residual gases were only processed in
-Germany to recover by absorption the propane and heavier components, the
remaining methane and ethane being then used principally for fuel gas. Dur-
ing, or just prior to the war, experiments were carried out on tae cracking
of these gases to yield feed gases for other important processes. As a
result of this work several processes have been developed and commercial
Scale plants built and put in operation in Germany. One method, the Hauber
Process for ethane cracking was developed by 1. G. Farbenindustrie in
Leuna and is discussed in a Naval Technical Mission report on Aviation
Gasoline. Another, the direct Electric Arc cracking process for producing
acetylene from methane, was developed and put into operation at the Hiils
plant of I. G. Farbenindustrie and is the subject of another Mission report.

This report is therefore limited to a consideration of the cracking of
methane by partial combustion with oxygen or air.

80876
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I. G. Farbenindustrie at Ludwigshafen, the Lurgi Company at
Frankfort and H. Koppers Company at Essen have worked on this problem,
‘and several commercial scale plants using the processes have been built
and put in operation. The commercial installation at the Oppau works of
I. G. using that company’s process was inspected and Dr. Sachsse and
Dr. Xosbahn were interrogated. Documents were also obtained from the
Lurgi Company. A Koppers process installation was inspected at
Rheinpreussen, Dr. Karl, Dr. Ackeren, Dr. Daniels and Dr. Koppers were
interrogated at the Koppers offices, and documents were obtained.

The partial combustion of methane can be utilized for the produc-
tion of useful products by two general processes designated by the type of
products made as follows: (I) Either carbon monoxide-hydrogen mixtures
for the Fischer-Tropsch, methanol etc syntheses or a nitrogen-hydrogen

- mixture for the ammonia synthesis, and (II) Acetylene plus the synthesis
gases in I. This report treats these in separate sections due to the widely
different combustion conditions required.




| | | 80877
(1)  SYNTHESIS GAS PRODUCTION BY PARTIAL COMBUSTION ‘'

e Methane oxidizes to produce carbon monoxide and hydrogen accord-
ing to the following three equations: - .

(1) CHgq+ COy —— 2CO+ 2H,
() CHy+ H;O-—u; CO+ SHyp .
(3) CHy+1/2 Op——=CO + 2 Hy

To obtain a favorable equilibrium and rate in any of these three
reactions a temperature of over 800°C must be used with a catalyst (or over
1000°C. if no catalyst is used). The first two reactions are endathermic and
the third is exothermic. Therefore, by using a process carrying out reaction
(3) simultaneously with one or both of the other reactions, the necessary
endothermic heat for the first two reactions is supplied directly in the pro-
cess and the problems of heat transfer equipment at high temperatures and
the difficulties of pressure operation are largely avoided. In addition, by
varying the relative extent of the three reactions in the combined reaction
process adopted, close control can be easily maintained over both the CO:Hgp
ratio of the product and the temperature of the reaction.

x In this section two processes'are described for the production of
synthesis gases by partial combustion. The first one, employed by 1. G.
at Oppau, is a continuous process employing a nickel catalyst. The second

one is an intermittent or regenerative cycle operation without a catalyst.

(A) Partial Combustion with a Nickel Catalyst .

A flow sheet for the production of synthesis gases by partial com-

 bustion of methane in 2 gas mixture with a nickel catalyst is shown by

Drawing Op 631 N-Sch 1 in the appendix to this report. This flowsheet'
(and the equipment shown thereon) can be employed to produce either an
ammonia synthesis gas mixture or various carbon monoxide-hydrogen
mixtures for such syntheses as methanol, isobutanol, Fisher Tropsch, etc.
The principal difference in the process for producing these two types of
gas mixtures is that when the need is for gas for the ammonia synthesis,
part of the oxidation or combustion oxygen is obtained by using air instead
of pure oxygen to the extent necessary to yield a ratio of Ng:Hg of 1:3 in
the final gas. ,

In the flow-sheet for Syr;thesis gas production the coke-oven gas

Lt
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is first saturated with water at about 70°C. This is shown in Item '11. Itis.
next preheated to about 500-600°C in the gas preheater Item 13, and then
goes to the burner in the upper part of the combustion chamber, Item 15.

The controlled amount of oxygen (or air) similarly saturated with water in
Item 12, is preheated in Item 14 and is then mixed with the gas at the burner.
Combustion takes place initially at about 1200°C, but the temperature be-
comes reduced to about 1100°C. due to the endothermic reaction with the
water present. At this temperature the gas passes down through the
Nickel-on-Magnesite catalyst situated immediately below the combustion
chamber, leaving the bed at about 900°C. The outlet gas is first used to
preheat the incoming feeds, is next cooled to 85°C. by direct contact with
water in Item 17, and is passed through a coke ‘“‘Sehacht’’ filter Item 18 -

for removal of the carbon formed during the decomposition. The gas is

next cooled in a heat exchanger Item 19 and passed through aft iron oxide

box Item 20 for HgS removal. After the sulfur is refnoved the gas passes
back through the other side of the heat exchanger. It is lastly passed
through a direct contact heat recovery tower to heat the saturating water

for the inlet gas saturator, Item 11, and the oxygen saiurator, Item 12.
The product gas is then ready for the synthesis process.

With respect to capacities, a larger unit located at Oppay operates
at substantially atmospheric pressure, hgs a capacity of 8000m” of coke
o

oven gas per hour, and produces 15000m® of synthesis gas per hour. For
CO + Hy operations about 22 volumes of Op per 100 volumes of coke oven
gas are required. For NHg3 synthesis gas operation about 10 volumes of
Oy per 100 volumes of coke oven gas are supplied, with air used to furnish
the remainder of the feed. In either operation the amount of Oy is varied
to control the temperature of the reaction. :

Approximate analyses for the inlet and outlet gases are as follows:

COKE OVEN CRACKED FOR CRACKED FOR

GAS FEED Ny + Hy CO + H,

3% 5% 5%
9% | 9% | 10%
 55% ‘ | 48% | 80%
" '; 7% 16% 5%

25% 0.2% 0.2%

It will be noticed from these data that the partial combustion

«b-
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process is directed toward the decomposition of the CH, in the coke oven .

gas, covering it into CO and Ho. Thermodynamic equili%fiumds said to be
substantially obtained.

The carbon formed in the combustion to the extent of 50-200 :

mg/m3 outlet gas is removed in the ‘‘Schacht’’ filter. The filter chambers

- are rectangular, about 3m X 9m in cross seétion with 2 bed of 2-8mm particle
size coke 5m deep. About 2 liters of coke are removed from the bottom.
of the bed for each 1000-m3 of dry gas through the filter. This coke is
washed with water to free it of the collected carbon and is then replaced
on top of the bed. No attempt has been made to use the carbon washed
from the coke, and it is believed to be too coarse for use as carbon black.

. It is so fine, however, that it gives no trouble by plugging of the catalyst
bed or the piping. ‘

The catalyst used in this process is made by saturating 10-22mm
particle size magnesite with a Ni(NO3)2 solution to give about 3-4% Ni
content by weight in the catalyst. The life of the catalyst is said to be
indefinitely long, nevertheless a nickel solution is sprayeg on the catalyst
bed in sufficiently quantity to add about 1 mg of Ni per m* of outlet gas.
This addition serves to replace any nickel lost by formation of carbonyl.

The combustion-catalyst chamber unit used in this process is
circular in cross section, is lined with silimanite and is in addition
insulated to a thickness of about 15 inches: The combustion chamber
at Oppau is about 3m in diameter and 3m high, while the catalyst chamber
beneath is 3m diameter and 6m high with the catalyst bed 2m deep. It
was stated that in commencing operation about eight days are required

to bring this unit up to its operating temperature in order to minimize
the thermal strains in the masonry.

¢ In the operation of the process the gas composition is controlled
primarily with the aid of an infra-red CO recorder and a gravitometer
which indicates the amount of No + CO in the exit gas. The operating tem-

perature is controlled by varying the amount of oxygen added to the burner
as mentioned above.

A series of experiments carried out at the Bohlen plant by the
Lurgi Company in 1941 and 1942 are reported by E. Kapp under the title
‘‘Druckspaltung methanhaltiger Gase der Druckvergasung", and a copy
of this report is included in the appendix. While the purpose of the investi-
gation was primarily to study the pressure cracking of gases obtained
from the Lurgi pressure gas producer (as the name implies) a good
general study was also made of the effects of varying several factors
influencing the partial combustion process. Only a brief summary and
a few comments on these effects are given below. Complete data from
the work done are contained in the report.
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: _ The combustion chamber originally used in the work described in
the above report was designed with an integral preheater, but leakage
through the masonry finally forced the abandonment of this'idea. Later a
regenerative type preheater was designed. The inlet gas used was a mix-
ture which varted slightly in its composition, but the approximate analysis
of the gas used in most of the experiments was: ' -

H, - 38.0%
32.0%
15.0%

1.5%
1.4%
0.9%
1.4%
0.2%

In these tests the methane was cracked to about 0.5-4.0%, or a
decomposition efficiency of 75-97%, whereas the theoretical equilibrium
would be under 0.01% CHy. The best cracking temperature was found to
be 1250-1300°C. In this temperature range the theoretical and actual
results were quite close together, as shown by the comparision curves.
Simultaneous increase of pressure and throughput improved both the
capacity and the cracking. Increase of gas inlet volume without simul-
taneous pressure increase decreased the available reaction time and -
reduced the extent of the reaction. It appears that the cracking effect is
entirely dependent on this reaction time within the range of capacity of
the apparatus, and that in practice, pressure alone did not appreciably -
alter either the equilibrium or the reaction velocity. Increase in the
methane concentration made a higher reaction temperature (about 1400°C.)
necessary for the same percent conversion. The quantity of carbon in
the outlet gases was appreciably increased as the methane concentration.
increased. Tresence of higher molecular weight hydrocarbons also
greatly increased the amount of carbon in the outlet. Higher water con-
tent of the inlet gas reduced carbon formation and at the same time -
increased the usage of inlet gas and of oxygen per m3 of ideal synthesis
gas. Based on this result the water content should be kept as low as
possible consistent with control of the carbon formation and of the CO:Ho
ratio in the reaction product. :

It will be noticed that no hydrogen sulfide was removed in the

t
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cracking but some of the organic sulfur compounds were decomposed, . - .
~principally to SOg. This was dissolved and eliminated in the wash water.
Incidentally, a small part of this SOy sometimes reacted with HyS to form
elementary sulfur which appeared as a white turbidity in the water. The

SOg in the water has caused some corrosion difficulties with the steel in
the piping and equipment. . :

Later, additional experiments were performed to further investi-
gate the behavior of the sulfur compounds_in the combustion and were
reported March 17, 1943 in a report entitled ‘‘Spaltung von Reingas mit
Schwefelbestimmungen’’. This report is also included in the appendix,
and gives more accurate data on sulfur determinations, but the con-
clusions are about the same. '

It was found in both series of tests at Bohlen that the resin-
forming compounds that give trouble in the organic sulfur purification
step, or ‘‘Feinreinigung’’, and in the subsequent synthesis operations
were completely removed by the combustion. '

The CO + Hog concentration is approximately constant for any
given feed gas at a constant percent conversion. Control of the cracking
process to favor one or the other of the three basic reactions will also
vary the CO:Hy ratio. This ratio can be still further changed if desirable
by inserting a shift reaction converter employing the reaction:

CO+Hy0 - ----—----= COg +Hgp

The COg thus produced can be scrubbed out by any suitable proc':essf such
as a water wash under pressure. When this methane cracking process.is
employed to produce gases for the ammonia synthesis, this shift reaction
is used to convert the CO into COg, yielding additional hydrogen, and the
resulting gas is then treated to remove undesirable constituents.

The economy of this methane cracking process depends to a great
extent upon the availability of commercially pure oxygen at a low cost.
The oxygen for this process is generally made in Germany by the Linde-~
Franckel low temperature air fractionation process. Since the several
Linde-Franckel processes for gas separation are widely used throughout .
Germany and are covered in other Naval Technical Mission reports the
details are not repeated here.

(B) Partial Combustion in a Regenerative Cycle. .

>

In addition to the cracking of methane by partial combustion with

-—
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- oxygen, H. Koppers GmbH, Essen, developed a straight thermal cracking :
process employing steam without a catalyst. The process used the absorbed

heat of a refractory packed tower maintained above 1200°C. to supply the .
‘heat for the reaction. The reaction proceeds according to the following

equation: CHy4 + H20O ----> > CO +.3Ho (-50 cal.). One commercial installa-
tion consisting of 3 sets of units installed in 1938-39 was inspected at the
‘‘Steinkohlenbergwerk Rheinpreussen Treibstoffwerk’’ in the Fischer-
Tropsch synthetic oil plant near Homberg. It was stated that this was the
only installation in Germany using this process, but that others had been
built for the ]apanese. A simplified flow sheet for this process entitled

‘‘Umformungsanlage’’ showing gas composition, material balance, tempera-
tures, gener: al layout, power consumption, and a rough cost estimate report.
In this pro¢éss the cowper or cracking tower operates on a 16 minute cycle,
8 minutes cracking and 8 minutes heating. The capacity of each cowper
unit is about 8,800 normal cubic meters of cracked gas per hour, or about
17,700 normal cubic meters per hour output for a continuous production unit.
The temperature in the cracking tower head ranges from 1500°C. at the
beginning of the cracking cycle, down to about 1300°C. at the end of the
cycle. The cracking tower is completely filled with a special shaped
refractory packing, each piece being shaped as follows: -

The outside diameter is about 10 inches. The diameter of the
center hole in the packing is 4 inches and the sides are also arcs of a
4 inch diameter circle so that the units mesh together to form a geometric
pattern of tubes. Each of the pieces is 8 inches high and they are stacked
so that the assembled packed tower consists of many refractory tubes of
4 inches diameter extending the full cowper tower height.

. When the tower is. on the cracking cycle as shown in the equipment
on the upper part ofthe flow sheet (item 6 of the appendix), feed gas is
preheated in the gas fired Rekuperator to 100°C., mixed with steam in a
ratio 0.85 Kg per normal cubic meter of gas, and is passed through the
cowper where it is cracked. The cracked gases then pass through the
Brennschacht and the regenerator, leaving this latter unit at about 400°C.
They next pass to the tar separator, thence to the precooler washer
(leaving at 50°C.), thence to the Theisen water washer, and finally the
after-cooler, leaving this last unit at a temperature of 25°C.. When the
tower is being heated as shown in the lower diagram on the flow sheet,
combustion air enters through the regenerator or air preheater, o
heated to 1000°C. and is combusted with heating gas in the * ‘Brennschacht’’
or burning head. The hot gases then pass through the cowper or cracking
tower and thence out at a temperature of two hundred fifty to three hundred
fifty degrees centigrade.

-




| Inlet and outlet gas compositions are as follows: S 8()88 3

Inlet Coke Oven Gas . Outlet Cracked Gas

€O, 1 6.8% . 5.1%
CpH, 2.5% - -

Oy 0.2% -

co 11.5% 19.7%
H, 146.3% 189.1%
CHy 24.0% | 1.0%
Ng 8.5%  5.1%

A small quantity of carbon black (3Omg/Nm3) is also produced but it is
not used.

The Koppers methane cracking process is characterized by its §
bulky equipment, particularly the large mass of refractory packing needed
to store and supply the heat for the reaction and to maintain the high tem- -
peratures required. . - o

Part I ACETYLENE PRODUCTION BY PARTIAL COMBUSTION

Acetylene is produced in Germany by partial combustion of methane
in much the same way as that already described ifor synthesis gas produc-
tion. The key difference in the two methods is that in the acetylene pro-
duction process (a) énly- relatively pure methane or ethane is used, (b)
the gases coming out of the combustion chamber are immediately quenched
with a direct water spray, and (c) no catalyst is used. , ’

A special burner is used in order to get the best possible mixing

of the feed gas and the oxygen, and thus obtain efficient cracking in the
extremely short cracking period. A drawing for such a burner and com-
bustion chamber is shown on Drawing OP 648 - ‘‘Acetylenbrenner’’ in the
-appendix to this report. In this burner the methane and air enter at the

top on opposite sides, flow through separate channels (packed with arranged
raschig rings for obtaining homogeneity of the flow), and are mixed at the
preheat temperature of about 400°C., at which point reaction begins. Cooling
water tubes pass through this initial combustion point, apparently to control
the final temperature of the reaction at the desired 1400°C. The reacting
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gases then pass down through a thick, perforated tile and are quenched with
water immediately below. :

A cost estimate entitled ‘‘Kostenschatzung fur die Gewinnung von
70% igem Acetylen und Synthesegas aus Kohlenwasserstoffen’’ was pre-
pared in December 1940 by the 1. G. Farbenindustrie at Oppau on this pro-
cess. This report pertains to a unit for the Heydebreck plant, and con-
tains estimated operating costs, estimated construction costs, analyses,
heat and material balances, and flowsheets for the process. A copy of the
report is contained in the appendix as Item 5.

The two general flowsheets following page 4 of the above estimate

- show schemes for the process whereby the residual gas after removal of
the acetylene is put through another partial combustion to make synthesis
gas for ammonia and for Fischer Tropsch processes. This is a customary
secondary step with this process.

. The recovery of the acetylene is the matter of primary interest.
In this process the cracked gas from the burner is compressed to 29
atmospheres and washed with water to remove the acetylene. The absorbed
gas is recovered from the water by a three stage expansion. The gas from
the first expansion stage is recycled to the compressor and the other two
fractions are combined to yield a gas containing 70% acetylene. The third
expansion is under vacuum. The lean gas from the absorption is put through
the second partial combustion to react the remaining hydrocarbons. Then
the gas, now called Cracked Gas II, is passed through a converter to carry
out the shift reaction, replacing the CO and HgO with CO, and H,. When
ammonis synthesis gas is produced, the quantities and analyses of the o
gases based on ethane feed for this process are as follows:

VOLUME 02%2 COs CO CH

GAS m3/hr % @ gt

Ethane Feed 3,070
Oxygen Feed 3,130 r
Cracked Gas I . 10,000 . 4.0 32.3

Recycled Gas : 446 15.9 19.5

QZHZ'Rich Gas - 1,294 27.7 0.8 .
Lean Gas 8,706 . 0.5 37.0

Og+Ng Second Com- 3,738
bustion

Cracked Gas II -11,25C - 3.2 31.2
After Oxidation 14,350 .-24.0 3.0
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The flowsheet for the preparation of a hydrocarbon synthesis gas. |
shows the compressor discharge and the water wash at 18 atm instead of
29 atmospheres, and the gas volumes and analyses are as follows:

__ . VOLUME CgHp COg CO  CH;  Hj
GAsS mS/hr B e % % % %

Ethane Feed . 3,070

Oxygen Feed 3,130
Cracked Gas 1 10,000
- kecycled Gas . 467
CoH, Rich Gas. 1,283
Lean Gas 8,712

0, Second Com- 349
: bustjon

Cracked Gas II 9,750 == 1.2 38.8 0.3 59.8

Rather than state the operating cost in Reichsmarks (which would have little |
meaning) figures representing the hourly usage of utilities, labor, etc.,
which can be used to estimate costs in the United States are given as follows:

First CoHg NHg Syn Gas
Combustion Concentration Combustion

Ethane, (m3)’ | 3,070 ———-
_ Air, (30 atm, mS) _

Oxygen, (m3) | 3,130

Fuel Gas, (KCai x 106) 1.67

Elect. Power, (KWH) 120

Water, (m3)
| COndénsa;e, (m3) | -

Labor, (hours) | 5 3 3

Computations 'of operating c¢osts based on these figures will
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include repair labor but will not include:plant amortization. The major

- equipment, including 5 burners, was estimated in the report to cost
2,000,000 RM for the 18 atm installation, but these estimates of pla.nt costs
are not usually translatable to U. S. practices.

The highest acetylene concentration that has been commercially
obtained from this process is about 10%. 4%he usual range is 7% to 9%
acetylene. During the course of the interrogation several of the I. G.
Irarbenindustrie men stated that their partial combustion process for the -
production of acetylene is definitely more economical than their arc pro-
cess, unless the cost of electric power is very low.

CONCLUSIONS

Coke oven gas, hydrogenation tail gas, and Fischer Tropsch tail
gas were commercially cracked by partial combustion with oxygen or 2ir
to produce raw material for several different syntheses. Feed gas con-.
sisting of Ng and Ho was produced for the ammoénia synthesis, and various
CO-H, mixtures were made for use in the methanol isobutanol, and Fischer-
Tropsch syntheses. The Fischer-Tropsch process produced gaseous, liquid
and solid hydrocarbons from which gasoline, Diesel oil, lubricants, deter-
gents and a wide variety of chemical products could be obtained.

A variation of the process was also commefcially operated for the
production of acetylene, which was used for the manufacture of acetone in
the particular installation inspected.

W. H. Lyon, Lt. USNR

"R. M. Crawford, Technician




'APPENDIX o . 8ecest

GERMAN DOCUMENTS ON METHANE CRACKING BY PARTIAL

COMBUSTION

The following documents relating to this subgect are transmitted to the
Bureau of Ships.

1.

I G. Farbindustrie AG- Ludwigsha.fen Drawing Op 631 N-Sch 1
dated 17 April 1942 is a flow-sheet for production of synthesis
gas by partial combustion of the methane in a coke oven gas
mixture.

Report dated March 1942 by E. Kapp of Lurgi Gesellscha.ft Fur
Warmetechnik entitled ‘“‘Druckspaltung Methanhaltiger Gase der -
Druckvergasung’’ covers a series of experiments carried out at
the Bohlen plant by the Lurgi Company in 1941 ar.d 1942 on the
cracking of coke oven gas.

Report of March 17, 1943 entitled *‘Spaltung von Reingas mit
Schwefelbest1mmungen , covering additional experiments per-
formed to investigate the behavior of the sulfur compounds in

the combustion.

Drawing number Op 348 titled “Acetylenbrenner showing a
special burner used to get the best possible mixing of the feed
gas and oxygen and combust the ges rapidly with water quenching,
to yield acetylene. :

Cost Estimate by the 1. G. Farbendustrie ‘‘Kostenschatzung fur

die Gewinnung von 70% igem Acetylen and Syn*thesegas aus
Kohlenwasserstoffen’’ which contains estimated operating costs,
estimated construction costs, analyses, heat and materlal balances,
and flow sheets.

Simplified flow sheet “Umformungsa.nlage or reforming plant
covering the thermal cracking of coke oven gas by the Koppers
Process for the production of synthesis gas.

Report dated July 13, 1942, by E. Kapp entitled Berechnung
von Regeneratoren fur die Druckspaltung
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8. Report dated July 1, 1931 by Dr. Eckhard entitled ‘‘Die graphische

Darstellung der aus Sauerstoff Dampf und Kohlenstoff gewennbaren Mischgase’’

which preseats data on equilibrmm of synthesls gas production reactions, '
" including production from methane

9. Bricf report dated ]anuary 10, 1936 from the Oppau Plant to Mitsubishi
interests on ‘‘Methan-Krackanlage und Winkler Wassergas Generator?’’ giviig
analyses of gase and utilities demand.

13. . Drawiag from Treibstoffiverk- Rheinpreussen showing flowsheet and
capacity oif synthesis gas production by cracking coke oven gas in z generator.

11. Drawing from Treibstoffwerk Rheinpreussen showing flowsheet of gas
cracking hlent with analyses and capacities.

12.. enovt dated Apr,il 17, 1940 from L_Ohlen entitled ‘‘AMethan-Spaltung’
which cont: ins theory and data on thermal cracking of methane. -

v
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SYNTHESIS GAS PURIFICATION PROCESSES IN GERMANY
Sumery |

-t

. This report.-records infarmation obtained by technical investigators
on processes for the. purification of gmses in Germany for their subsequent
use in chemical and synthetic fuel production purposes. It covers those
processes which are in commercial use for the purification of large

~ volumss of gas such as are employed in the production of ammania., hydrogen, -
vmethanol and synthetic oils., ,
The report descri'bee the several procesaea studied and the factors
: . controlling them. The emphasis has been on those parts of the processes
< L vhich are not commonly known in the United States, the more cammon :
; "%  elements having been omitted for sake of brevity. The appendix contains
" flow diagrams, equipment drawings and copies of ariginal German technical
documents pertinent to the subject, which serve to elaborate on the
chemical engineermg, mechanical design, and developnent rhases of the
processes, )
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SYNTHESIS GAS PURIFICATION PROCESSES
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Since the gases manufactured in Germany for chemical and synthetic
fuel production purposes are put to use in chemical reactions that employ
sensitive catalyats, it has been necessary<-to clean the gases of both
their entrained solid and liquid materials and also to remove by physical
or chemicel means the deleterious camponepts such as sulphur bearing
gases and carbon dioxide. : g

This report covers the purification of feed gases ’for synthesis

- purposes, and describes the processing of these gmses between their
- production and their utilization in the synthesis. It does not describe
purifiication and separation of product geses by the Linde fractionation,
adsorption of hydrocarbons on activated carbon, and ebsorption processes.

The many gases manufactured in Gormany for hydrogen production or
for production of synthesis gases for tho Fischer-Tropsch, Oxo-synthesis,
Synol-synthesis, Methanol-synthesis » Isobutanol-synthesis, armonia-syn-
thesis, Bunz rubbor synthesis, etc., invariably contained contaminating
materials. The principal contaminants in the feed gases are usually one
or more of the following: tar, aromatic compounds, dust, hydrogen
sulfidec, ammonia, carbon monoxide, carbon dioxide, hydrogen cyanide, and
nitrogen, the type and quantity of contamination depending on the source
of the gas. The degree of purificction required depends of course upon
the purpose for which the gos is to be used and thse rurification process
is selected with that in mind. The object of this report is to present
briefly tho various processos that were used in Germany during the war
to cccomplish tho desired purification of gns for these purposes.,

~ For the purpose of presenting several processes in a logical
manner in this report they are classified as follows:

Duste and Ter Removal
I.G. Alkazid Process for Gas -Purification
Claus Process for Recovery of Sulphur from

removal from Gas with Iron Oxide (Grobroinigung)
Removal of Organic Sulphur from Gasos (Feinrcinigung)
Ges Purification by Activeted Carbon (Feinstreinigung)
Romoval of COp from Gases - .
Removel of CO from Gescs '

2. DUSTS AND TAR REMOVAL

Nearly all monufacturcd gas conteins somo dust as it loaves tho
production unit. In addition, gas made from coal in coke-ovons or coal
gesifior units (2s difforontiated from thot mado from hord coke) clso
often contains smcll amounts of tar or resins. In most cnses wherc the
gc8 contains both contomincnts, the tar is removed a2long with tho dust.
Some of tho German instcllations, howevor, includo a soparate clectro-
static tor precipitator instcllation which operates in the convontioncl
mcnnor well known in tho Unitod Statos.
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Throo mothods df dust and. tor romovcl are in gonoral use in Gormany
-ag follows: mechonical sopadntoys suth B ‘eyclono ‘sopcrctors, bofflod
sopcrators, trape (both Wot and dry) and filtors) (2) Eioctrost.ut:lc
precipitators; and (3) Wator waghing methods.

. - The mechanical sepa.ra.tors usod in Gormany aro of vn.rious dosigns
cnd were mnde in Germony by several companies. A good doscription of tho
methods usunlly employod is givon in a ropert dnted December 12, 1936 by
Dr. Geister of I.G. Forbonindustrio entitled "Entstaubung”, or trtmslated,
"Dust Removal." A copy of this roport is contcined in the Appendix of
this roport and 18 not describod further hore. A ,

A special filtor found to be in use which is claimed to hevo
p.rticuln.r cdvantagos as ¢ mechanical soperator for gns cloaning is the
"Oppouer Schachtfilter” in which tho filtor medium is o slowly moving

bod of granulated coko instcllod in a vertical cylindrical chombor cnd |
-resting on 2 movable grato. The gns entors the bdottom cnd flows to tho
top. Tho coke is shnken from the grote into water, agitatod and washed,
then returned to the top of tho bed by an hydraulic convoyor, which also
servos to kecep the filtor bod wot. Tho process is doscribed in a report
by Dr. Sachsso entitlcd "Removel of Carbon Bleck and Dust from Geses with
the Oppcuor Schacht-filter” attcchod in tho a.ppondix. ,

Othor filters thot mey bo montioned in po.ssing arc tho Viscin air
filtor froquently used on the cir inlot of tho oxygon plants, the syn-
“thotic silk bag filtors used in tho separctiorn of cerdbon dblack from goses
crockod in the clectric crc, cnd the many ordinary filters poacked with
motal turnings, wood shavings, and fibre glcss cither dry or satumtod
with an o1l or ad.hoaive mterizl.

The principle of the electrostatic process is woll known so detoils
of construction wore not obtained. .

When electrostctic procipitetion is not used, tho lest traces of dust

in the gnses 2re usuclly removed by o woter wosh. 'l‘his wotor wash mey
be carried out in a spray towor, cn ordinary packed column, may bo combincd
with on cbsorption purificction system for removel of Has COo, NH3 otc.
or mcy be performed in a mechonically agitetod washor-coolor such s tho
patonted Theisson unit. Whereo o gos absorption-purification systom such
as tho Alknzid unit is also usced for dust romovzal, o filtor is included’
in the procoss through which ocither continuously or intormittently =

- port of tho circulnting cbsorption solution is passcd to romove tho
cccumlated sludgo.

'3, T.G. AIKAZID PROCESS FOR GAS PURIFICATION

Chcomiczl purificoation is omployed whore tho contaminants are not
romovceblo by mechanicel moans. Ges impuritics of a slightly acid ncture
such 28 hLydrogon sulphide, corbon dioxido and hydrocycnic acid wore

- somotimos removed from gnsos by basic substancos such as 2lknli hydroxides
and possibly sodimm or potassium carboncte solutions that can bo
rcgonorated. However the process developod by the Girdlor Corporction
cmploying tho alkylol amines especiclly the mono,-di-, and tricthanolaminc
cnd lator diaminopropanol:to cbsord hydrogon sulphidc and carbon dioxido
was not found in uso. Amines cre strong basos and wator soluble '

[
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substancos which rodd.ily aboord cnd. c02 at normal tomperatures ond
- liborato thom whon hocted to ) » cnd absord sovoral timos ao much
CO> and HyS por unit of volumo &8s do the potzosium or sodium coxrboncoto
solutions,

4 Tho Alknzid procoeo wos devolopod by I.G. Farboninduatrio to rcmovo
HoS or mixturos of EoS and COp. Gos purification units of this typo havo
boon constructoed in meny countrios all ovar tho world. Tho procoss is
usod primorily to troat gno of high sulfur contont boforo it goos to
othor stops far moro complote purification. It clso cloimod tho zdvantego
of yielding hydrogon sulfido of quito high concontration, c.g., undor
fcvorablo conditions up to about 90% HoS. This unit is probobly usecd
morce afton in Gormeny to troat gnsos from hydrogonction or cracking
oporctions thon it is ussdito- troct mocnufacturod gos, but it 1s sotise-
foctory for cithor ecrvico. ’

A doscription of tho unit o8 applicd to hydrogonation product gce
troctmont is given in U.,S. Ravel Tochnicel Mission in Europe Roport No,
87-1&5 "Tho Wessoling Synthotic Fuol Plant" cnd is not ropcatod hord.

A simplifiod gonoral flow shoot is shown on drowing M 2028 (Iton 3
in tho appondix of this roport). In this skotch the raw gas ontors tho
bottom of ono or dboth cbsorbor columms (labolled "Abstroifor') which can
be operatod in. perallol or in soriocs, Tho pmrified gas (*Roinges™) loavos
the unit from tho top of tho cbsarber or zbsorbors. Tho cold locan czaustic

' solution passcs countorcurrcnt to tho ges down tho columms, out tho bottom
through a scroon and is pumpod through o hoct oxchangor countarcurront
to the hot lcan caustic from the bottom of tho strippor. From tho heoat
oxchonger tho rich caustic is fod to tho top of the strippor columm. Tho
strippod grs (HyS cnd COy) loaves tho top of tho strippor, pesses through
& condcnsor and soparctor. to romove condensate, thonce out of tho systom
to tho Cleus Unit or other disposcl, The stocam to hoat tho kottlo of tho
-strippor is distributcd botweon direct cnd indircct hoaoting in ordor to
hold the specific gravity of tho coustic botweon 1.16 and 1.20. Tho
strippod caustic lozves tho bottom of tho absorbor through a scroen, possos
through the countercurront hoat oxchoinge montionod a.'bovo, through a wator
cooler and to tho top of tho absorbor,

Thero arc two typos of solutions uscd in tho Alknzid procoss.

- "DIK Caustic", tho solution mest commonly used, is a solution of potassium
dimothyl or diothyl alpha aminoacctate and is usod to romovo HyS from gasos
containing CS,. "M-Caustic"” is o solution of potassium mothyl 2lpha
aminoproprionato. It will cbsord both HoS and COp but is usod only in tho
abscnce of CSp. The normal effoctive gns chargo of tho solutions raonges
from 10-15 volumes por volume of caustic for bost rcmoval of HS but con
bo incrcascd to as mich 48 3035 volumes pexr wvolume by tho use of mechanical
contacting dovices and longor contact timo, or by pormitting o highor
sulfur contont in tho outlot gas.

The procoss has bocn used to troat gas containing up to 10% HsS,
oand will reomovo tho HoS to 0.87 to 0,10%, Absorption and stripping
arc at substantially ctmosphoric prossurc, Tho optimun absorption
temporeature is cbout 5°C, ¥ut tomporaturc up to 30°C con bo satisfactorily
usod. Tho rolativo u.'bsorptiog of COp by DIK-caustic incroasos with

&
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incrocsed absorption tomporaturc, and with incroased timo of contoot
ovor tho normal ond minutc. - o o I
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The strippor kottlc tomporzturc is meintainod at cbout 105°C.

A now d@ovolopmont of this process, which has not yot boon put into
commworcial oporation, cbsorbs ot 8-10 atmosphoros and strips ot 1 atm
without the addition of hoat to tho kottXo oxcopt for the direct stocm
noccssary to control ccustic gravity. Tho cffoctive loading of tho
caustic undor thoso conditions is cnly 4-5 voluxnoe/volumo , but it is
clainod thet the oxtra pumping cnd comprossion cost is moro thon
componsttod by the cconoryy of stoam. - -

.Tho process is clgco usod for low pfoaeuro 002' rombv:l whero sulfur
is not prosont or‘is prcsont in smnll quentitios.

A cost comporison made by tho I.G. Ferbonindustric shows tho
Alkezid procoss to bo choaper than wetor wach, Girbotol, Koppors, Sholl
and sovorel othor processcos; howovor, oven if tho figures cro cccopted,
cltorod conditions i¥i tho U.S. mmy woll chongo tho rosults and no positive
stotonent can bo mde of thoe suporiority, of the procoss for 21l
conditions. Tho mnin advantego of tho procoss ovor the othanolamine
procces is tho lowor valotility of tho scluto.

Mony oparating difficultios havo boen oxporioncod with the unit.
Tho principol trouble has becon with corrosion of tho stecl and aluminunm.
uscd in tho cquipmont. The Gorrmns combat this corrosion by closo
control of tho coustic grevity, control of tho temporaturo in the aluminum
oquipmont, corcful oxclusion of air from tho syston, and by "pagoifying”
tho clunimun through circulation of dilutc sodiun siliccto solution
through tho oquipmont boforc oporction. No morcury or morcury sclts aroc
uscd whore thoy con possibly cntor tho systom. Tho dircct storm to tho
strippor st be mcintoinod dry and frec from impuritios. Attoched is
e roport of visit mcdo to the Alkozid Plent in Lutzkendorf in rogoxrd
to the corrosion. ’

-2
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Fooning of tho solution occzcsionally causcs trouble, but tho I.G.
- havo dcvoloped an antidoto known as Schaunmbokrupfungsmitte nr* (Foom-
attocking agent "I) in the Loun plant. : :

' Any oxygon thot ontors the systom during oporation forms thiosul-
fotos in the solution, dostroying its cffectivoness. Spocial proccutions
cro tcken to provent cir cntoring the systom at pump pockings, or in tho
solution storage vosscls, ctc. This difficulty limits tho usc of tho
procoss to oxygon-froc grsos.

If tho grovity of tho solution gotsAtqé high or the eolutioxz..g'o‘g?
too cold, solids will sottlc out. Corroctivo moasures aro hoating an or
dilution of thc solution. : :

' For nore comploto information on oporating and suporvision nothods
" for tho Alknzid procoss two roporte aro included in tho appendix as
follows: - .

-




1. "Botriobsorfahrungon und Hinweiso zum Alkezidvorfarhon"
Waechanlagen. ™ :

1

2. "Richtlinion fur don Botricb ond Uberwochung von Alkazid- = - 8cegs -

- A more campleote flowshoot-which includos & NeQH wosh following the
Allnzid cbsorption is shown on drawing No. M3200-1, includcd in the
cppondix. A comprohonsive tochnical articlo on both this procoss and tho
. Clous process woe publishod in tho Juno- 1988 issue of tho Rofincr and

Noaturcl Gesoline Manufocturor pegos 237-2h4 ond many of tho dotails givon
- thoro cro not ropoatod hero. : -

k. I.G. CIAUS PROCESS FOR REDOVERY OF SULPHUR FROM E.S

.~ Tho I.G, Clous proccss is a mothod for convarting gescous hydrogen
sulfido into noltcn oiomontary sulfur. This procoss is oftcn usod os o
' supplonontary process in comnoction with tho Alkozia EoS removal proccos.
Tho rocction basis of tho Cleus procoss is shown by tho following
-ecquations: ' o oo _

om0 - a0, 256y
© . ZHpS 480y W0 + 38

Drowing Zo 1416-2 in the cppondix of this roport proscnts a flow-
shoot of tho precoss. In this flowshcot tho HoS comes from Gasomoter
- Unit 14 through c blowor to the two Clcus "kossols" in perzllol. Hero
it is portially burncd with o controlled amount of cir to yiold a rotio
of SOp to HyS of 1:2.) This mixturoc then pessos ovor tho bauxito cot-
dlyst in tho first Clous "ofon" ot o tomporcturc of about 3000 to 400°C
whero tho . socond roaction tokos place. Tho gas fronm the first "ofen” '
passos through an "ruthitzor" whore fucl gos is burned to hoat the @zsos
furthor bofore thoy pass through tho socond Clous “"ofcn" to comploto
tho socond rcaction. Molton sulfur is drawn from tho bottom of cach
"ofon”. Tho toil gnsos fron the socond "ofcn" consist principally of- .
nitrogen, water vapor, and carbon dioxido (fron hydroccrbon gosos) with
about 3.5.g/m’ of unroactod SO, ond HpS. This gas pessos through o :
cyclono or oloctrostotic sopardtor to romovo ontrained clecnentcl sulfur,
then to tho "Nochbromnungsofcn” whoro ¢ pilot flamo burns tho romnining
HpoS ovar bauxite boforc passcgo to tho atmosphoro. ' :

R

Drawings FZAlb and FZAb-a show tho Claus ofon and Nachbvebronnungs-
ofon rospoctivoly. A catzlyst bod of 3n dianctor cnd Tn high will produco
about 6 tons of sulfur por doy ot rocovery. Tho inlot H. S contont
con vory from 40f to 1004. Drowing 4A34210 shows the arrongdront. of
ocquipnont and pipinge. - A

The catealyst lifo is indofinito unloss overheating causces sintering
in which casc only tho uppor layer is ordinarily affoctcd. Whon this
happens, tho upper layoer of catelyst is roplaced.

Tho ocquilibria, oxporinontal and calculated, arc proscnted in cn

"Aktonnotiz" dated July 11, 1941 by Dr. Orlicck under tho titlo "Untor-
suchon ubor dic Lago dos chomischoen Gloichgowichtes boin Clausprozess,™

“«5
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_ Conploto oporating data for tho Louna Plant aro prosentod in o
~translntion "Clous Ofon Oporation™ in the appondix. - '

5. HpS KEMOVAL FROM GAS WITH IRGN OXITE (GROBREINIGUNG)

80896

; Tho romoval of H,S fron grees by iron oxido nixturcs is woll known
in tao United Stotos in tho manufacturod gns industry cnd no now infor-
- nation wos obtoined on this process. Bri6fly, the procoss is to pass
tho row gns at low pressuro cnd ct atmospheric tenporature through o
vossol conteining bods of wood shavings covorcd with crude iron oxido ’
bods of pollotod crudo iron oxido or iron oxido mixtures. The H,S roacts
with tho iron oxido to farn iron oculfido -and.wotor. Tho Gormons
ordin~rily add cir to tho inlot gns in an amount sufficiont to supply
c£bout holf of tho thooroticel oxygen to comveort tho iron sulfido bock
to tho oxide and to procipitete tho olonontal sulfur in tho bod. Whon
tho HoS has boon proviously roducod by Alkzid or othor proccss to 0.1%
or logs in tho grg ontering tho oxido box, this air usunlly amounts to
4-6 n?/por 1000 :3 of gos. The hydrogon sulfidc in tho outlot ges
is nil, tho argenic sulfur is not diminishod. Whon o ges with o Rhlgh
sulfur contont is sont to tho oxide boxes, tho romovel may be loss com-
Floto and the lifo of tho mnss is naturclly proportionntcly shortcr.
Tho outlot sulfur is, howover, raroly ovoer 1 grom por 1000n®, bocouse threo
to four baxos arc usuclly oporzted in sorics, with tho froghest mass in
the lost box, '

Undor proper oporating conditions tho mass will hold L0-55¢4 of its

dry wolght in sulfur boforec cxcossivo HaS brock through or oxcossivo :
" prossure drop occur. Most plants uso a continuous cddition of 0.1% to

- 0.2% oxygen to tho inlet ges to reoct and procipitete tho sulfur, but botch
rogenoration by cirgulating inort gas with 1% to 4% Op hos boen coarricd

out by somo coflcoa.{g. Whon tho mexirmn sulfur loading is attainod the
cotalyst is rcmoved, tho sulfur burncd .for rccovery of S0, cnd the rosiduo
is discarded, ,

Tho purifying agont is usuclly bought undor the trade nanc Luxmmsso
wnich is t:0 iron oxido rcsiduc fron tho rofining of aluninun ore, or o
aixture of Luwaiasso cnd bog iron oro. A nower cgont is called Ioutc-
nessc, which is the samo gonorzl type of motoricl containing 3-44 clkoli

28 NaCH, NeCOy ard/or NcHCOx. A typical annlysis of Lautc-mosse is
cs follows:

Apparont donsity 0.657 Xg/L.

Water 5k ,00%

3 22,85%
1.0%

F 020

Mz O ' “Treco




Ne,o5 s R
. Ne OB ‘ 0.49% , | 808397

s1 o, - 1.92%
To conscrve iron oxide, used Foinroinigung mcss contzining cbout
5-105 sulfur and 30% aneco3 18 sonotinoo Mfixcd with tho frosh chergo.
- It wos statod thoat if too fmech of ,this rmrtorial is nixed in, trouble is
cxrorionced with fusing of tho carbenate duo to the wet oporating condition.

6. REMOVAL CIFAORGANIC SULFUR FROM GASES_(FEINREINIGUNC)

Tho proviously discussod iron oxide purification procoss ronovoso
only tho inorgenic or HoS sulfur frém the grs. Tho organic sulphur
capounds aro untoucl. .. If they aro prosont, and must bo romovod, it 1s
nocossary to subjcct the grees to furthcr purificztion.

- In Gormony orgenic sulfur in synthosis ges is ordinecrlly ronoved
by o process czlloed "Foinroinigung". Aftor theo goo hes passod through
the fincl HpS romovel it goos to this “"Foinrocinigung" procecss ct - .
cpproxirmctely ctnosphoric toaporcturoc and prossuro. Horo it pessocs
through the tubos of a hoct oxchongor and of a direcct fircd prohecter
to reiso tho teopercture to 150-300°C, thie terpercturo incroasing with
tho ago of tho catalyst. Tho gas thon goes to the catolyst chonbor whore
it passos from tho contor of the charber to the outsido through an anmular
bed of cztalyst 2t ¢ volocity of cbout 0.25 notors por second, fron the
chonbor through the shell side of tho heot exchangor nentioned cbovo,
then through one or two norc ccotolyst chombers sinileor to tho first.

Tho catalyst is composcd of 60-70% crudc iron oxidec and 30-40%
sodiun carboncto., Tho orgmanic sulfur in the gnas is crocked to HpoS nand
rcacts with tho oxygon prcscnt in tho inlet grs, (or oxygon added bofarc
the cotalyst chanmbors) to farm NopSOy, FoSOy, ond some olcmientery sulfur.

. A now niothod of catclyst nenufocturc produces o rmch lightor, moro
porous m»s8s. The rothod of properction for & smll batch bescd on 100kg
of Loutannssc is zos follows:

100 Kg of Loutamnese with 26 2lknli content and 505 wator is divided
into two parts. Onc partion is dried, nixed with 5 Kg of Naecog, and thon

added to tho rcmindor of tho charge. This nixture conteining 254 woter
is thon wotted with a finc sproy to propor consistency, is presscd to the
dcsired grzin sizo and dricd. Tho drying is ccrricd out Tirst at 60-80°C
until tho nass is hard and thon is complctcd at ¢ temperaturc over 100°C.

The rosulting product ic comparcd to the older cotclyst in the tablo below:

OLD ~ NEM

Apparcent Spccific Grevity, Kg/ litor 0.7 0.5

' Grain strongth, Kg/ co® 6-7 3=k

NasCO5 content % | : 30 15




oA _ )
Fo,03, % - C - -
Porosity, % | _ : .’ 70

K]

)
To £ill chonbors, tons . 76
Adlksll in chambors, tons : 12.5

Iron in clnmboré, tons ‘ 33,8

Organic Sulfur Loss, g/160 . . 0.1

Organic sulfwr conversion, % | 70 96.8

Tho cetclyst groins should bo coorse (8-100r1) ond 211 dust should
be removod. Tho catalyst dust ccanot be roworked as it roduccs the
porosity of the finishod catalyst.

A gas voluno of 100,000 NP/ hr with 12-15 ng totcl sulfur in tho
o8 cntoring the unit will use an cverago of cbout 4.8 tons por day of |
catclyst. Each unit will procoss 10,000 to 22,000 cbn/hr of gos doponding
on tho .ngo of tho catelyst, and contnins cbout 65 tons of catalyst in two
chombors. Typicel oporcting conditions for this process cxre as follows:

Inlot Gas 20,000 o°/hr
S in Inlot Ges ' o © 0.3g/10Wn0
HoS in Outlet Ges ' nil

Orgonic S in inlot L 15.0 g/100 Nn”

Orgenic S in outlet ' 0.20 /100 Nrr

Temp in 1st chambor | 230°C
" out lst " 220°C
" in 2nd " 1000C
n out 2nd 180°%

Scoverzl oporating difficultios aro eonceountorcd in this proccess.
The worst difficulty is the formntion of rosinous coatings on thc cotolyst.
This is preoventod by the instcllation of an activeted carbon cbsorption
process bofore tho unit to ronove the resin-forning motcericls. Excossiwvo

in thc inlot gos ovorloads tho unit and permits sulfur to hroak

through. This is usuclly tracod to poor operction of the provious HpS
. rcrovel unit. Excossivo tomporaturce sintors the catelyst. Poor catalyst
sizing or charging causes uncqual distribution of the gos or oxcessivo
prosourc drop, and also cousos sulfur to brock through and appoer. in
the outlct ges. ' ; ' e

'8 -
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In spitc of thoso difficultioo tho "Fe:lnreiningung" prrocose ‘18
s ::J.nost without conpotition in Gormny for gonorcl use in tho ropovel of
orgonic sulfur fran goo. .

2

7. GAS PURIFICATION BY ACTIVATED CARBON (FEINSTREINIGUNG) - 88993
e

Thoro aro two activatod carbon procoesos usod in Gorntmy for tho
purification of synthosis gns. Ono is thef so called "Foinstroinigung" of
the Lurgli Conpany, which consists of tho obsorption of hydrocarbons
on cctivatod carbon.. This procoss is usod to ronmovo tho aroanntics and -
rosin forning hydrocarbons whonovor gne is obtainod fraom coal instecd
of fron coko, not only to purify tho gos but clso to protecct tho cetelyst
usod in the orgenic sulfwr rooovel procoso (Feinreinigung). Tho othor
activeted carbon purification procoss is thet of the I.G. Forbonindustrio
ond 18 used to remove hydrogon sulfide. Whon this mrocess is usecd it
roplaces both Alknzid ond Grobroini whorcver tho mlot
concontrotion is loss than 7 g‘ans/ '.l‘hoso processos aro doscribod below.

In tho "Foinatroinigung proccss of Lurgi tho raw ges from tho
Alkozid purificotion unit or othor sourco ontors the Lurgi carbon chcmbors
saturated with wator ct about 30°C. The wator inhibits cdsorption so
thet instodd of a possibl. 80 hours on-strozi adbsorption cycle tino, a
poriod of 20 hours is usod., Aftor tho cdsorption poriod the chanbor 1is
stcanod for two hours, dricd with hoatod gas for one hour, codled for
one hour cnd then put back into the cdsorption cyclc. An understanding
of tho process can be bottor obteinod fram the following concrote
oxnmplo of a Lurgi installation.

90,000 m5/hr of grs gencrated from cozl is passod over 75,000 Kg
of activatod ccrbon locoted in five parallel chambers of Sm. dicmoter.
A sixth chembor is in the rogenoration cycloc. After c chambor has beoon
in service 20 hours, it is put into the rogeneration cycle and tho
freshly rogencrated chember put back into cdsorption. The rogoneration
requires a total of L-1/2 tons of dry sieam at 2-1/2 atm. pressurc por
chamber. Tho recovery of hydroccrbons cmounts to about O hg/m5 of inlet
gas and this motorial is cddod to tho coko-oven gmolino. The drying
cycle romoves cbout 1500 kg of woter, ;

. §

Ono kilogrem of cerbon will procoss about 10,000 o of gns boforc
rcactivation is nocosscrye. The rooctivation is coxrriecd out in o rotory
kiln at 800°C with stocm.

Tho I.G. Farbinindustric procoss for hydrogon sulfide ramoval

ovor activoted corbon is on old procoss that dctos from 1928, but it is
still considorecd vory sctisfactory for gresos contzining a rolativoly smcll
cmount of sulfur. Drawing S92 in tho appondix shows a schometic. dingram
of this process. Tho drawing shows thot tho raw gos goos through o blowor
thon to a wator ecopcrator, noxt o wator coolor, and thon moro scpoarators.
Next 2 small amount of cmmonic air mixturo is cdded to it. The mixed
@ueos then pass ovor on activatod carbon bod ot 800mm wator prossurc and:

20-40°C tomporaturc whorc tho roaction:

2HoS + Op S, ZHO
-9 - '
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takos place with tho ammonia acting es an intormecdiate or catalyst. The
- H2S removel is substantianlly complete. Tho ammonia leaves tho absorber
along with the gas and is subsequently woshed out in the water absorption
procoss for romoval of tho COp in tho gns.

Tho Bulfur found in tho rcactian is procipitatod in tho c&rbon bod,
and whon tho bod is loaded tho sulphur is washod out with a 204 cmmonium
sulfide solution in the form of ammonium polysulfide. Ammonium corbonateo
is also formed in tho carbon and it is woshod out at tho same timo. The

-emmonium carbonatc must bo romovod from the wash solution and this is dono
by adding Ca Cl2 solution to give tho rocction: ‘

Co Cl, + (NHL)p CO;  Ca CO; + 2NH,C1.

Tho Ca co sludge is romovod from the wesh solution in a Dow type thickencr.
suifido is cdded and tho following rcaction tckes plece in tho solution:

Sodium
N°'2S + 2NH),Cl1 _ (NEy, )oS + HoCl

Tho solution goos to 2 colum oporcting at 2 atm. and 130° kottlo temporaturc
whore it is distilled. The ammonium sulfido cnd part of tho wntor go overhond;
tho sulfur in molton form and tho sodium chloride solution arc withdrawn

from the two liquid phas& of tho kottlo.

A concroto. exnmplo of the uso of this procoss is_thc troctment of
6000 mJ/hr of gns containing 3.5g/m> of HyS ond 0.2g/m® of arganic sulphur,
In this caso about 12-13 liters of cir plus 0.2g NH3 arc addod per cubic
motor of ges and tho mixturo is passed ovor o 20m bod (7 tons) of activeted
carbon. This bed will toko a "loading” of 6 tons of sulfur boforo sulfur
‘romovel bocomos nocosscry. Tho rogonoration is accomplishod by £illing tho
bod 3 tinmos with o total of 2 of crmoniunm sulfido solution and allowing
cach of tho washos to stand far 1 to 2 hrs. Tho solution romaining aftor tho
third drzcining is stoamod out, tho bod i1s thon dricd and coolod and put dback
into sorvice. . .

8. REMOVAL oir CO,_FROM GASES

The romoval of carbon dioxide fram the gas is usuclly porformed, if
not o part of tho alknzid proccss, in tho final step of the synthesis gons
propamticn, after it is under pressurc., Corbon dioxide is readily solublo
in wator at olevated prossurc and the gas is cbsorbod by passing tho CO,
containing gnas in dircct countorcurrent contact with wator in absorption
colums. The absorboed COp is rolecased in a discharge systom by pessing tho
outlot wator at about 200 to 300 1lbs. por squarc inch (tho usual absorption
pressuro) into a Polton wator turbino whose outlot is at atmospheric:
temporaturc and prossure, Thoe Jet action of the water impinging on tho pclton
whool “broaks tho stroam into a fino spray for quick releaso of tho absorbod
COo and at tho samo timo produces powor to assist in driving-e-centrifugal
pump which recycles tho cold wator back into thc spray tower. About half of
tho powor roquired to drive the contrifugnl pump can be obtained from tho
polton wator turbino. This wator cbsorption system also romoves tho last
trocos of any ammonia thet mny bo presont. However, tho COs thus produced
“is usuolly substantially puro and in Gormnny 18 recovorod, compresscd and
sold as commorciully puro COy.




« REMOVAL QOF CO FROM GASES I - o ARAAd -
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. In the proparation of synthosis gas for tho armonia process tho
hydrogen is obtainod fram CO-H mixtures by tho shift roaction chenging thc
CO + HyO0 into C + Hy and then romoving tho CO, by wator cbsorption as
proviously doscribed. Howovor some unrooctod c8 is carricd through and
romnins in tho gns. In tho ammonia synthosig carbon monoxide is a catalyst
poison and it is thorofare nocessary to purify tho @28 to ramoveo the last
tracos of CO, AN '

- This is dono by subjocting tho gns to diroct contact in a countor
curront absorption towor with a rofrigoratod coppor ammonia carbomnte or
carboprto solution at 1800 to 3500 pounds per squerc inch, it ‘hoving boon
found that in that Prossure rango carbon monoxido is roadily solublc in o -
~cold armwonia coppor salt solution, .

fi sccond mothod of oliminating corbon monaxide by convorting it to o
hydrocarbon in tho Fischor-Tropsch procoss cs a dotoxification procoss is
covorced in anothor ftochnico.l roport and is not repoated horo.

10, CONCILUSIONS

Gasos produced in Gormony for subsoquont utilization in synthosis
procosses invarindly roquired purificetion for tho romoval of impuritios
and dolotorious canmponcnts, g

Dust and tar woro romoved by (1) nmochenical procossés, usunlly éyclcmes,
(2) cloctrostotic mothods, and (3) water woshing.

"Hydrogon sulfidc was romovod by (1) Alknzid procoss, (2) Carbon
cdsorption with subsoquont (NH)),S wosh and (3) Iron oxide procoss. Organic
sulfur was gonorally removed by %ho "Foinreinigung" which consistod of cracking

and romoval of tho sulfur as H,S over iron oxide-clkeli catalyst at . -
tenporatures from 150 to 300°C, ,

Aronctic and rosin-forming compounds wero romoved by cctivetod carbon.,

. Corbon diaxido was romoved by (1) Alknzid procoss ot low prossurc (a)
Wator washing at high prossurc and (3) Caustic solution for removel of finnl
traces for spocizcl purpoeos. » .

Carbon monoxide was romovod from hydrogon for high prossurc
hydrogonntion by high prossurc absorption with coppor ammonium carbonoto
or formotec solution.

-

Various othor gns purification processes hnd beon dovolopod but were
not in leorgo scale usc. Some of thesc procossos are doscribod in documonts
includod in the cppondix to the report. '

Ww. H. Lyon
Lt., USHNR

R. M. Crawford
Technician




. LIST OF GERMAN DOCUMENTS ON |
SYNTHESIS GAS PURIFICATION PROCESSES - - 80302

Roport dated Doc. 12, 1936 by Dr. Goistor of I. G Farbonindustric
entitlod "Entstoubung” (Dust Romovel)

Roport by Dr. Sachsso ontitlod "Romovu.l of Carbon Blo.ck and Dust from
Go.sos with tho Oppouor Schnchtfiltor. :

M 202-8 - a simplifiod gonoral flow-shoot. showing tho opomtion of tho
Alknzid Procces. '

Report by Drsg. Joltech, Soxncr and Bungor of visit mdo to the Alkozid
Plont 1n Lutzkondorft, in roegard to corrosion.

. Confidonticl Roports (2) on tho oporating and suporvision mothods for
the Alkczid procoss, cantitlod:

() "Botricbscrfohrungon und Hinwoisc mnaﬁknzmvorfahmn"
(b) "Richtlinion fitr don Betriob und dio rwochung von
"Alknzid-Waschonlegon's'

‘M5200-I - Flowshoot - showing an NaOH woeh following tho Alkn.zid
..'bsorption.

Zo 1h16-2 - Flowahoot showing Claus mrocoss of convorting hydrogon
sulfido to molton elconontary sulfur.

F.Z.Agf;l b - Flowshoot showing tho Clcus Ofon.
.Z.A.h c - Flowshoot ehowing tho Nachvorbronnungsofon.

"Claunafen Oporation”, translotod dota covoring completo opomtion
of the Lounz Plant,

s-92 - A drawving which shows o schemtic diagran of tho I, G. procoss
of hydrogen Bulfid.o ronovcl over carbon. _

m'c.wing No. 711496 ~ A flow shoet of & "Grob-and Foinreinigung”
sulfur romovel unit. ’

Drawing No. LA34210 - Piping ond Equipment arrangenent of Clcus plant.

Sovoral short roports fram Sopt. 30, 1942 to May 25, 1943 on tho
subjoct of duet removel in malti-cyclonc units. ‘

Roports by Herr Koinko datod Doc. 29, 1931 on "yorbronnen von HpS
zu Schwofel im Claus-Ofon" and by Dr. Honisch dated Jan. 11, 1935
"Notiz Hlber Vorsuche zur Goewinnung von olonontorom Schwofol aus
Gason mitnicdrigoin Schwofolmsuorstoffgohalt " Eorly dato on tho
Clcous pxrocoss. .
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A roport by Dr. Braus datod Jon. 21, 1935 on "Borochnung der -
Vorbronnungstomperaturen von Schwofolwnssorstoff - Kohlons#urogomischen”,
giving thooroticel date on combustion teomporaturo of HS mixturos. '

Tablos of data dntod Nov. 11, 1933 on requircmonts of Alknzid procoss
~ for utilitios, oquipmont, solutions, oporcting porsomnol, otc.-

Annlysis rosults and nothods for gne 'pnrification cctelysts. . 8C303 _

Roport by Dr. Bhr dotod Oct. 2, 1936 on “Woitorontwicklung dos Alkncid -
und Claus Ofcn - Vorfahrens," roporting lito dovelopments in.the - K

. Alkeczid and Clcus procossos.

LES
1

Roport by Dr. Orlicak, doted July 11, 1941 on "Untorsuchungon uber
dioc Loge dos chomischon Gloichgowichtos bein Qlawsprozess”, on tho
calculated and oxperimontcl chonical oquilibriun in tho Claus procoss.

Drawings A-1030-4 and U 1878-1, flowshoots on carbon nonoxido romovel.

: / ,
Foldor containing nunorous short roports and drcwings on tho Alknzid
Jjrocoss, a . _ .

¥

Four curvos on CO - Co, méh coats.'
Drawing S IV 3, Flowahobt of o prossurc wator wosh procoss.

Foldor containing reoport and sovorcl drawings concorning tho ronovel
-of carbon oxy sulfido (COS) fron gosos.

Roport by Dr. Bartholamo! dated Nov. 26, 194l on "Jvor dio
Unsctzungs@oschwindigkoit dos CO an Braunoxyd-Kontckt boei hohoron
Druckon" giving dcta on rcaction volocity over “"Brown oxido®” catalyst
for the shift'recaction. : ‘ : :

Potent anmnouncenont dated June 27, 1939 on a procoss for catalytic
rocovery of S from gnsos conteining HoS. ' -

Roport by Dr. EKuhbior datod April 24, 1939 on "Entschwofolungs-
Vorfchron dor Sachtleben A.G." covoring dato on o process roacting

'HpS and SO, in thiosulfato solution to produce sulfwr.

Rcport on ¢ neoting to oxchango information on gns purification
processes, dated Nov. 17, 1939.
Drawing 240-8 on iayout plan for o Clcous unit.

Roport by Dr. Mongdchl dntod August 22, 1938 "Ein noucs Vorfahron
zur Tronnung von Armoniak und Kohlons#lure bozw, Schwofclwassorstoff£”
doscribing o neow process for sopoaration of NHz - COp - HpS mixturos.
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33.

Patontschrift No. 388857 dated 21 Janusry 192k to Firmn Edunrd
Theisen iu Miinchon entitled “"Stufon - Gas - O. dgl. Woscher",
gorman patent on tho Thoiscn washor for tho purification of gnsocs.

Patontschrift No. 513288 datod 25 Novombor 1930 to Firmn Eduard
Theison iu Miinchen c¢ntitled "Vorfahron zun Roinigen Von Goson, Luft,
Dinpfen u. dgl., german irprovomont pdtont on tho dosign of tho
blados of the Theiscen washor prosontod in the above patont No. 388857,

80904
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