B | Uo m mﬁ oF 1703935 ,-A
HYD-&G I&m mucm TRATYON PLAIT Dmcu

-

C——

The fom mmn@ vere m‘teﬁ ﬁ!:’: " ;——;}' RS

Tel37 ~ .botract ol Report mm@m ,
ssois—£&-Hydrogonations “u"

—Ve




7’ “/57

S =

— 70, /v' R\% /

Pt A

EEC‘ARs 0/‘7/ZA770N

/:‘méh' A T

/vz Fressure kg

|

A

t

B

- e

_m*h-zoo . .5&:

- ,...-h

— -_:;.;F,q;- 4 _ﬁg&/p #;:5,%@(‘ g@&@eq@mogAquEELL

. . _—




174/l

/.

4

i

1 ) ) | b

o .

[ i #

|

L s

74 . . i

[ : 2 B i

¢ . ] o .

; . NN : .
" ..

bl

-

- wonn:c-rxon— _QF—?“'"/CH P:Q:\. SouRaE. ,/FC‘ké‘T’
S At:rs W T CLemp ‘?/NG FEeasre /7757'HL SesL

- ,orsp Cw LRES VT 1. STreoE0e 7S
C‘on/ AL vE/‘;L-/N"' ? e

Vrdy et el

cdioad deeii




.~ 7. 0. M. Reel gl . U. S. Bureau.of Mines
. Pgs. 447-456 T "X 1'_:"—::‘“*' S
S o CNO Hydro Demon. Plant DlVo -

. INDEX -~

Terle 1. _High Pressure Hydrogenatioh and 53
m&ble 2,~~vombiqed Hydrogen¢t on and Syriths

Table 3,_ Prooasa for Production of 250 Atm@ Botxléeeasog
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f“ﬂ;xemsl,)Q_Used for produetion of hlsh performance and aviation’“‘
B ©  gasollines and marine fuel 011..;: - o

“Item-2.) Used for production of aviation and auto’ gasolinea T
iand Qissel 011" e N .

——~*——~*-Item—35}#—gse& prtmari%y—zer—predncsion oi,pazaffln and '.~,5.»:~f_}-f7w
diesel oi . ) o . T

. - ZABLEZ _

-~;tem-*.) Under construction 1n Uoper 811eaia at present.
Could not be used before, because kiln operation had e
"i“not been eufficiently.developed amd the. salée as well .
~ as the utilization of kiln coke had not been tully .
—~clar1fiea.;ff_w_, S el

2¢)" eThis‘procees~comb1nation 18 used. very extensively. S
The quality of the gasoline comes within the lower . .
Ifmit—-of-aviation—

Seee-de——Surplug -crude has been eliminated since - this - &a—uaed--~iT**~“ﬂ’
-.~7T5_~~.-; 1n trucks. _ ~ : \
Item-aei A small plant 13 0perat1ng 1n the Ruhir, though.wiun
' L:‘(this difference, that the klln tar 1s Mot further -

o - Adlrectly as- marine fuel oil. The~preced1ng-applies
.- to the productS‘rrom ‘the synthesis—etageo

Thie combination Ban’ not’be used for the prodnction ot
‘aviation- gasoliné., - The kiln operation with the
. . following tar hydrogenation is used very. extensively.
__In Ruhland, instead of using crude as raw material, -
thse aynthesls stage prooesees brown coal. brlquettes. Sl

Thie combination 18 ueed in several Ruhr plante-ﬁ-«%-ﬁ»if—:7}*f
\r«——;umn$ical_£or small,planxsfxﬁoo. “In~further devels = _
—. —opment of tihts process comblnation different aspects
" _must be tried out; good cokling coal is: gcarce,. _
 Coincidentsl producnion.ot"the_vérieus products* :
-mnst agree with the demand for themo , :




,s_—- P—

o I%em=l,) -In se processés, gases with a heat Value of 4250 .
& . . WE/m® are bottled @ 250 atm. The utilization of these
g;Ipequ.)_,processes 4s limited by the-use for the product. Its
range of actiom is- small and the heavy bottles reduce
*‘m~;~f—~a-—the;uae£ul -loade = - e o= T

[ERNUUE SN

. . _

ItemeI.) “Disadvantages are the high HP we;ght of the motor and
. generator and the high heat value of the fuel. carriedo.
- Can not be used for military purposea. —_— 3

f1§9ﬂ23.) ?Anthracite must first be de-ashed. Wooa can not be
LT -.--used in Germany because of the great demand for 1t
- for other uses. -~ S —_ _jjr:“ -
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The- Galoriflc Efficienoy of aztnminous,'
= e Cog gdroggt;on.

I\G‘\Farbenindustrle, Ao G. a
Ludyigéhaieg{gf?in, ‘20 Feb. 1942.

_ The ca.lor:.ﬁ.c efficiency ouoamnag_gn is. the
relation ‘between the calories contained in _the desired-finel
“~=product; that 1g, ‘gasoline ené liquified petroleum-gas (L. Poﬂ‘o),
. and& the celorles contalned in the coa.l required— %o produce
T the deslred final producto et

—

-~ __ :?he W;Wﬂxtmw _— therefore-_jf__:%—V. [

=:Gagoline « : - -{in K l'
—Coa.l for _Hydrog. % Hz * ?oweﬂ - }-b'gas Surffus (1n Kcai ;5

Importan*' operatlons, I
Hydrog. Coal -- Byaz'ogenat:.on - ‘Gasollne - L.P.,G—. -
- Hg Coal - - Ho Producnon - Pure Hydrogen

Power coa1~—«-—-_jPower Plan‘c -

IS 13,,therefoz-e , proper to detarmine the calorific ) »
efficiency for ‘thesé S operatlons sapar&tely, to enable us to

- se%—&-better—piemz‘e of the-

. HY‘ . H‘_P'nﬂ--

A ' v
B i ' “
T AL (P TENY AT T v o
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"gffic:.encx of mﬂmz

T—

‘Bs oX-Presgure Condensation
.....Q.ale__a.-ﬁé-ﬂ__ °2.:°aﬂ0n

~_.‘u

 pressure -—--oo/o,os
Adiaba.tic Gﬂadient - i B

~ Turbine sr.art ;.,tﬁ.e :Lency

Spectfie tean: Consumption
‘Boner House Lfficiency %
Powor<House Efficiency - ;l_ij 'f"' .50“ ‘

gusc« G-asolﬁ.ne Avigtion Casol.tne )

Gaso‘.l.:\.ne Prodt cnon (*!:ons R
Hz Gonaumption e

Stea.m for '—iyd::-agenation———~— — t

e

S Elec. Energy Tor x-Ig Prod..

5 1eotr1ca. Eneggx grganction°' o

Back Pressure Opera.tlon

o Gon&’enga,gj_on Operatm *...'..','.j,_‘ -

‘\ e ST

SR T P’y

— .z_:;Jrhe—*aowe* plm?ﬁffie&enof—vw%es—g;ﬂy 511@.&3411‘&: a~—~_~~~—,~~~-,._.:j,‘,’
__'{oha?\ge‘ in the proport.ton of steam' Blo Lnergy : __ :

[ S




| Bu,OS-Pressure Gondensa.tloﬁ
,';_Qeg_gségn . Ogeﬂation

Rl 165?5m"i7“37 1oo/baos’5fﬁ**v'"**r

»"; Adiabétic G“adlent .~?,"%kcé1/Kg,wu Hoo 'Wf; : 320 _lw ,m,
Turbine Shaft ,..ffioiency % LT . e
Speoltic ..tean: Cmraumpt:.on &g/mvn

Bouer Hourse b.fficienqy_, ,‘fé;

o Power House Efflcieney %

v T B ', e D w&;tc G-aso:ls AVS.—tifﬁ':éa;goline‘

Gasoli.ne Prodt ct:.on" (tons)
1'12 Gonsumzatﬁon

Eezsaiagggézgggaséa |
| Stea.m for. !iydmgena sion’

v SIS

Steam for H2 Prodaction

Elec. Enerby fbr 3-12 Pmﬁo R

. Eleotrica.. Ene r a.ucnc‘x‘r |
- Back Pressure Opera,tj.on R ;- K“f.-f N =

Condensation Gpere.tion NEIE

POW—E‘%W =

“h - The Wplant eff1°1en°y Jfariea—ené‘.y-—sligbs_y_wiﬁg'a e
change 3-!} the proportion of “steam:- El: Energy e e :




- : - —— —— ,_._,___-hh- — ——

1\) F’:l.g<= 3:.” shows mewa.,;t—flow d.agra.m for H., produeta.on AR
E ba.sed on a_final product of 10Q0-.am* ﬁz-a—hbla-. tainsfhffszi,.,:-‘-
- i'j " coke plant-date, “Pgple 2., contalns data on the water gas plan%—*— :
.- . -ag well as gids clzaning and compresslion, - based on the report*of
. .. Dre Witte of 27 November 1841 .on—the—investigation ol theH
- . _requiredents at G—a}.senberg, wm.le the—other energy: ﬁ.gures . rig.‘..mted
- a.t Scholven angé. Nordstern. A , N -

The rollowin: erfioiencies, based on d.ffereat &sewgpttone e e ﬁ\ —=
may now be de*nived. S P S g S

- R -
Ce : . RS ] PR
- .2.17~ - - . e

——

- Pestwaﬁerg&s UO,A&% e

In further cal‘culatlons however, only Ey—= 26i3% was used —’oeca,uee
"1t 18 not always possible Tortis nation_ plent- o- d..apose

_of. tne colie oy-productshia,; and banzol, 2% will.

PRSI, S e ae —

B 2.) Ey che .‘mtroductibn of ges Qecomposition by Linés .
: Athe~calorlfic efficiency was conslderably inerea‘sed.mrc’ollcwn;&ﬁts
hea.t bala.nce of “the. Scholven L:.nde Rlant.. .

Incomns TR Outsoins -
T IB.7 =1 Keal/E Ky . -70.0x 103“@31/&
40,1 x 106_Kogé[ Best«-gas o ’?0.'? x 106 xcafh |




, Even thoug.n 1.1: is eeld.on possible ~to quduoe 100 ﬁ o£~the
requirenernts by -l.inde- ‘decomposition, such as Ifrom coke oven- gas, ,
. possibllity alwars exists of: cover.'mg 1/3 of the total Hz require- |

- ments in tm.s mnn*er, from. " : T

';b,; )‘— The. restwatersas, wfu.ch is prOpez'ly— convertea..

' 0'-.‘) - The coke- oven -gas; mich_.‘:.e equ&vs,lent to m amomat*
. o; cox:e used for makivzg water gas., S

o Cona m.ez-ing that the h;f--ﬂc:cn'r sas 13’Iarsely produced at m,
Llnd.e plant pressure of 25 a.tm, the 2ffL ciency of a combineuinde
and wa.ter gas plant ie = =~ : S

L EtL:Ln&e“i» Wee) ——59% - o :ff'"-

- A further i.rcrease 1n efficieney cou.:.ﬁ‘be galheé 1: the reat gas—- -4@5
produscedin the I t;ndrplant weres further. rreecessed in s hy-gas LA
splittine;ylant“ This poesrb':..lity was, hcwever, not. cmsidered 1;1._

_'_ tne tollomag o o § -

e s i Pt ~ —_———— ———— e

B

- - S o . —— - —— . R c . B R [N

III. Cg;grific EZ flciencx?of gxd.z-ogen.ation 2 ger, 2

= | me— . -,......J-y

1.) ﬂm heat-ﬂow diagram of the hyarngenation proper at r"j;j-
E(Hz-Produc-t.a.on)g 100% 18 shown for the produot:.on of. avia‘cion L ‘
5&80th8 2 IW“Q‘&‘E ‘ Eriwn sy — ._ S > - " = - ‘
sl - values fezus;uto srasolé.ne are—also—give--v*" : R L - .*-'-1'-~ '~'

DR mw A_____&._....uto G selm@

. Hp rgqulremeht, 7 5/Lga.aol. o S 3200 - 3300" |

. o

B Input c°a1’ - ‘"/t - ' . ‘ T S ,,: »l ‘ -.;,;;'N_ 6°15 ‘ 1 95 ': ;—.',,.:'_i:,j

N Lo a

_i'duvtlou, 106'*Kcal,/t gasol. | 8. .’5 '_ : _’ 602_

L.P Gyﬁtheneimm.aloswxcal/tjgasol. f'fl;—* e S R <0

‘rhe correspcn&ing en'ergy ve.lues may ‘s‘a seen 1n ‘I‘able 3.-7:'—*—— -; ;

— A Ty T o mw.._’z, T T




~'E(hyarogenation proper) | -

HoweVen, ﬁm—mcmr“efﬁﬁenc PO ron—from:wa;tezt*.—_::;” '
gaa ar E(Hg) oéﬁ, thq afﬁ.oiency of - total hyerogena'cion drops .

, RS L '-Avs.gtion Gasclj. o Auto g,_gsoune_
- *E@Vdr"seném)'_ T X S 28.9%

- ‘I'he heat-flow diagram of the Total hydrogenation for avia.tion y
ga,eol:.ne shown in Fig. 3 is-basedon- ‘these relations of actual Hs -~ -
prb’d:uction, “4n which the-quantity-of coal. required for the producti.on S
of 1 ton a.via.u.on gaeolim-waa‘subd;\.vi.&ed a8 rfollows‘ Sl LT

- ) Input coal for hydragenations 15.5 Keal X 106 ThE T

 ‘:<>.) ' Input coa.l tor Hg produc‘b:.onu 24.5 Kcal x 10°% .

_ed) Ensngy coal ror power. plant = 73 7a Kcai—x——leg TS

h,’""’Tota:c 4’?.“78 Kcal‘x 106 e

_ : The hy-gas surplv..s 18 “added . to “ths energy codl. *l’he rest- w_m.__ o
watersas .also goes to the power plant; see Fig. ls Fig. S does - - . =~ -
. not ‘properly show th.ts, because it was&ﬁae % . by B corre‘spondlng
reduct:.on in energy. coale " . L T

" The heat Value given above of 4'? '?8 x 105 Kcal“as the tota.l 1
ca.lorlﬁ.c lnput for the production af 1 ton av:.ata.on gason.ne -

E “"‘This quantity ot“heat 13 then subdz.videq percem:agmuae Anto:

= 3’“-— — ‘Bmdw.—&mrw .L:: g

ToTTTYOrTe

- e T ——




. Since the hy—gas surplus represenss a closed clrcuét in a. ;_
- dértain gerize, and is, therefor, not included -in-the -Inpu¥-of
_47.,78 x 10v Kcal 1ts percentagﬂﬁshare-is shown 1n appren iges in

Rl R N

—Tg.So ."’—" T e - o | S

: hg&rogenationvloas*f&n—mhe_aaeuﬁ%:of 2;05 x‘lcsﬁxca“ ~~és*p,ﬂfilly
represents the ramainaer and contalns ;he-‘asses.vhich have not oaen T

'——sab&ﬁm as""* e e S

rfﬁd)s' Produc 1osses.1n distillationg in tanL stcrage, e?c,

"'7_8). Circuleuing gas Iosseaok:_l T ;' '-; ;j KJ';7/f

o :), :12 consumntion for the fo”“nauiﬁn of ‘i«-O, 11{3 and xaso /

- Table 4 anons the inflggaggvoA d(Hg} an She tota; efllcie
-‘of hydrogenation; which is shown graphicaiiy-in Fig. -4 for both '
— aviation and autc gasolins. The operating“pbant used for making
Flg. 3 13 shown ,nclrcled on the correspoudiﬁg eur?e in :lgo s

~ Aa these curvee 1ndiea33, thega ficieﬁoy of- nydrogenatiou dweva-m—l_ -
veryﬁlittle with rising Ho- requirements. 4 greater ng;”souiroman? :
increases the hyegas production corraepondingly and increases s
_cost of power._ The relatlon i8 about ‘the ollowing.. S

_“?~~~-~>loo " 1noreased. ﬁconsumption_changes the thydrogenation)
about o 45% & &{hz) = .3%"a.nd a,bout O, 2,., @ E(Hg} = 50%.

IV Poseibilities of>1hcreasing the Galori &e-afficlencj cf motal f.
gxdrogenatio e ~ | o

) ntroduction of g Linéa E”ocesse

: ' 1 Aa shown 1n II, E(hn) may be 1ncreaaed-froh 46.g%
06'09%, where~for-Hg-pre&uetion.~_ , — ,

. The hy- goor &ds; "'“includine k:‘t.ln and 1et«—dovm g.,.sn '-_i.?_

e

b) 'Fhe mg_:, wntp‘p (ziaa p— ——~ e e oD

' ggwhe ooke gas’ correspondlng s uae coxe useﬁ"tf—ths“wzts;




_;'_ .“""."“'“ ‘Ihe E\whrog@na :.on) :c,s ‘she»reby imrzeaaea_tb ;5_3: gp :f’or avia‘c
gaaol:.ne and. 53..,,_ for auto g;asgl.’meo R e ’ L

T2y} ysilize: sion of K&ln Residues.,

S M.ln residus with Hu=" 5900 ncal/xg..< -
DS E . ___Hue 5780 '{ceﬂ./Kg.

" can proiit.a.bl; be b,z. aed in 4‘l’:.e “boiler hsusa, > v:f’fféh‘“i_—‘to—ba clone xn 'T"fi'?"i'r"‘
. fne future both 1.4 G...a.dbech q,fj,d YQordeer“o _ . 3

: Wi*’h a dscom 3ositib‘n of 94%. and a kiln loss oz 6,5,% basﬁca en 7 =
, the gil yield, thz neat m‘salmd in the kila residue -.l,.-mce Kca.l/?:o*z
. ;«,:LSO :.ne, L _ S . :

The E(h.ydrcgenat‘i on) 48 vnereoy in;;rec,sea to 5&, ;o i’ov a.viat
C"aso}.j.ne anc'& 55.,1,: -for: a.uuo gasol:!.ne. oy =

'_) _ t;rod-;étion o;f.’ Pasgts ﬂvat :..xchgn,« L e

': © T siHegting the pasts requives, T

Do m e e e e

R ws.t,nout -heat exchange 1.87¥2 o® n’.cal/tcn gamline-

With hest exchangs - - 0.6-% 105 Kcal/ton_gago ne.

S ———

Paevi;e hea.‘i: ci.xch&nge tb.erefore, prouwaswqas:-iﬂ heat Bf . e
1.C x 1C Kcal/ton 5&5011&3, waeredin th.e lcwer power raculmment~ of tne

- 4-—'

o Paste bea.t e: change has been suqcesé?"if i s‘“ "ffn*rm uﬁwﬁ.gs&fﬁ:—‘“—‘“f‘j‘%%%i
hafenc : T

’E‘he E{m'drogenation) 13 thereby incresazed. to 0401% 1o1~
gas—line cmcl 06 B,o for auto ga.aolineo e

et

E ’457 ,—Recove _the Waste risa‘c fron tkie Ho‘t; Leze-Down and groduot -

-In. ;he let—down saturatea steam vOO er <)’1<1 in the BotEEEE

Upper sz..r.

. be *sedforhe&otﬁg—the—eeﬁaez l"rquor 1n the-gs...._» PR
, ...leaninv process o about 500 .

,/\_-’:

N AT A o e st T e e L et




T The E(hy'az't?gemtlon) :Ls thereby ..nci?ease‘ﬁ o 34.6% ?or a,vxation |
: gasols.ne and .’56 8% tor a.uto ga.zs::i!.:«.ne° : i _ _
" Fig. 5 shm a. the . zelation between E(hydrogena n, a.nd zI
requirement for aviation and autc gasoilnz product , a8galin %a..’ﬁ.ng

into consideration- %;he—above 4—poss¢/bﬁ.lﬁ..es for 1ncreaslng -the -
\h(hydrogsna‘cion, o

T o - g
Ttim—

Lo

~ Aviatlon Auto me
Gfasoline : Gagol x

rm calon.tfic exflcienoy of uhe "power'*:ilaut .,.Hg

~1‘he calortrio e‘ftciency of ube H,, pro@.ac ..ion jb - DU
from water ga.s = e =

-

n The ca.lorlfic efficiency .of ahydrogenation

= " proper

-:,-:.-;;;:;;;'_ l;___ -__;,-J_m >~ B ﬁ, :
T T 3200 ——-2300———————

The ca.lor:.fic eff%elency of total nydrogen—- : SRR
ation 15, thervi’ore, e - % 2’7;2-;-‘ S 289

~

It has been shown that 1t 1s posslble to lnavease: the
E( hydrogenat:.on) s however, toc about 34.6% for aviatiorn gaeoun&,and
.’56 8% for auto- g;sol&ne by 'mrioua mea.sures,rauch asy o

1.) —Intro&a.ction of__ar L.‘..nde Process, L

_,.2,)" Ut.tliztation of Kiln Resiaues, -

””3°) Introauction of Paste Heat E,.cbpnge, and
o 40) Reoove;_ﬁ.ng the Waste Heat from the Hot Let-Down and- Prcduct;

' wmch mea.surea ho,ve la.rgely been ntrcdueea 1n Upper Uileﬂiao B
——— ““"‘Wézfe’:ea'e—m RGO %:edly—ctherw ) L % —
- :—“calorific“effici=ncy, but sinoce this 18 ot the or;}.yfactor ,:n *.:h.e
~total-economy of e hydrogenatiocn plant, ca 5
_‘_;—;—stzeei—reom:remeﬁ;a—&tc——are—often—of gre=ter fmportance, “the- — :
- above_values of t)‘..oe% &nd 36.8% prob&bly ”epresent the calorifzc\f ]
: efficienciea Ior_mla ‘ : ' ’ ;

e ——————




S The flgures were taken rrbx;x muhr ’Coa‘tda:’t&boor—yeag _' —
- 1952 s.nd are StJ»lI velid today T

- ' Cuks.ng tempere.'cure : 900° o i
o .,»m:_.:cnput proauvt.r, washed ma--coal,_ 8-12%_wdf8n;w S
o : T . Ha e ssgo-'zzoo -’iE/l;&. s :
Ga.a 35.616./100 Kg. . tlne coal, il 27=28-.m /10C Kg, 0° ‘760 < i3 ags -
3 5100-5600. WE/m° : o
COKe yield/ 100 Kg. r:.ne ccal, T 83=73" K.g/loo Kge-

- Te.r yj.eld*“—““;"“;'*ff-~- - o Tt g[loo Kg.

Y:.eld 1n gg, cc.{er—ggd Tg,g from Ruhr Goal

(28-}() 900 f 35000‘1{528 x 5.’550 s
o : - X-OQ 786 - ‘
== -O,B*Rm@henm;z.
S -2 '? Kg. ben

ES

-

#,?m-residu&_‘ g -_,_23.0,3 2’? 2 Nm%,‘o,f wh:Lch. 13.6° m3 1e use&“ L
cop_heating the. : .. @3 is used for. other puq:osesv —

T I'hP—_Heat ba«a.nce ﬂf a coke plant tberf looks 13.L.e this. o
- gesl _ _ “100. &,,  m050 WE/kg
TO‘IAL Input e T T

.. 4800 WE/
10009 WE./ .\&c .
10200 m«./ {go

122000

~ -
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in usilization of Eiln. residue ' o
_in Fscovery of Waste heat 4n” Le‘tnDcwn (;‘ > 41»; ﬂ A

Auto (?asoline Eviation Gasonne_}—w—-—?j

T F

e ‘”L‘Af' "

B S

2500 2800 3000 260 3400 3600
1-2 Gonsumvticr. 1 3/*:,on gasol*ne.—- - ‘

)




i TJOaiﬁ) 4?.893 ?_ T Uc ﬁo
"~ Bag.2732 : _
- Target 0/4.21 . Hydro. Demon Plant Div.
(near =snd of roilx} - - '

’ o Comoarlson of. Dif;erent Gatalvszg for _ .,:“
33535 3“30105 Of'an- Coke Owen Tar in ‘the Liquiﬁ Praze

—_——. —_—

AR a”::s’tzra<;\.=,‘,'_»~ S ";," ,7_‘.‘a
S L . e T :

' mxperinenfs ,arhﬁgd out for one year, June 1943 - Juae 19ﬁ4 .
fcr compariscn of I. G. Catalyzt 11002 - (2% : 300 onwgr4ae) rith S

Lthe‘“Ersatz“.catalySu 10927 Labt 10% Fe on gr ) -

‘;\;: Tegte have former ly been zmade in Iarge scale—operatlons orlyr—‘*:L”
‘Regul-¥e were poorly comparzblz.because of the dl*ference An - -
reaction ccudiuicne and AR the: in*ectlon ‘feed. - S

e

In the ;resent tests thess facusrs remaine& constant (hut e
different I”om 1&:@6 gcale cperation condltions) L L

7 Igjgct on Feeé TQ%,coLe oven tar
AR - 30% fuel oil*-

Catelyets . 1e4% of injection
"“Thrup&t?; ';j 5:'l Kg/Ifhr. DR

- PeRpex = T T ZE, 0 RV
Pressure ' . . a t'?oo atm -

Gas;‘“—_—"”—*f:"”&ade-qp gaa.-"

~ Feed: Gas vatlo 1 so0. -

' 11002 w8 found %6 be much. auperior to any oilher cata&ysts
teated. 10927 was next best; ap adaition of it being eauiva“en% o

- to 1% 11002: R - e

s N cry

- - Attempis %o yreaare szial—¢ore acsive CQtalthS ‘had no e
';Pcsltive results. -Terrana or-—xXilsgelguhy were used as  the ‘carriers; =
and either very small amounts of Mo Q,”Qr Qn:hign concen&raﬁian_ -

»u.& .LmuTaB .&:}DOS..aSU. 0Tt 'Ibsme

@ o —— -

. w;ﬂm:ﬁstérﬁbs§g~




8. Biii‘eau of Mines . q-lal ..

-

Leuna methods of Rap;d Lmntyin and,Presaure Rele&ae of

Operar.mg ‘Bqulpment f£illed with Combustible. L:.qumsm Gases, ... _ .
- a8 seans of Prevention of. Spreading of Firea C o e

- .,._.,qv-x ot

: _ Tha, at “times, considaraﬁle amounts of coﬁbuetible‘liquids
- in the equipment during dﬁstillaulon, gas separation scrubblng,
etc. require special precautionary measures aven under normal
conditions. Obviously, stuch amounts of combustibles carry the
danger of spreading fires from any- disturbances, such as breaks
. -in the piping of. the slides, explosion, amall fires, etc. “Ths
: precaﬁtiéns ‘against thlg danger taken In the past were Iimited
at first to wide use of fire extingulshers, construction of : _
:localizing-compartzents, spray systems, reduction of the amount —
of liquid, dlspersing spreading out of operations, etc, HOWBVer,.

such—measnres—are~cf*itttte~worth—in"case~of—air—attaoks*-—-~*t,.

- " Leuna has. declded for a long. timeAbecauae of” these—reasons e
to provide faclilities in such units, which would permit a rapid -~
emptying,  with a'&imul tarieous rapid exhausting of all" eqnipment o
- under pressure in case of danger (threatensd alr attack). .
" Heleesing the presesure will prevent the formation of‘sharp pointed
~f1ames wlth their-devastatlng consequences. B

Thaﬁinaﬁallatlon“cgnsists essentlallxkin_hanﬁilx;locatgd__ -3m 

groups _of valves, sufficiently long pipe lines and in storage
- farms conveniently located for receiving the ligulds; also a
~ discharge into. the air. ~Provisions are-always- made—forurwnuuxugu;—————

the*materiale unger atmospneric pressure, thus preventing ‘losseg. .-

S The_l“igures “show:-

1. “Rapid emp*v*ng_of scrubbers for clrculation'gae under ’
h&ah p‘essure. : - . . R

iZ’Tfﬁég a emp tying of<gasoline catchpot atill. -

o a, Ra,td“emp‘yi:ng‘o‘—tar Gatohpot st111—~—~¥ R

f*.aé Rapid emptying and preeeure release bt~gas
- ':, separation unit, — T

- .

~ -  Thése 1nsta11ations~hava.repeatedly proven their worth, -
-gaveral-have—already repeatedly prevented a total destruction of

;_ﬁ~the protected units, and we can no. longer thlnk of doins wizhoutﬂ,__l 7-.5
' them 1n Qperationso,_,hf.f . ' , R
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) ; © e . U._S. Bureau of Mines -
) Frames'06589 -16594 dydroo Demon—-?%an% Div.

(Duplicated Reel_145
Ibem 10)

_LRalaxienship Between the Compoaitlon of._ Coal and Ita Behavior
i * Duringfﬁxézes~a§_ion et

A "

o _The generally observe& regularities ln_zhemnyarogenaolon -of .

-“Goal- have been:redeétermined from-the regults of "experiments

for the production cof gasoline and middle oil in a 10.liter

converter,—wiih_ceal_under_a'pressura of 600 atm. and an iron

_ catalyst. It appeared pariicularly desirable to reexamine the
L o relationship between the composition—of coal and its hydrogen- -
: ~«—uw;_»,a$1ng ability 3in orderaxo-find.ouz,the«extenz_to—mhich—analytioa.

R results may-be used in. evalagting coala for h;drogenation.

: ﬂydrogenation results of - twelve coals were aVai&able,.and
, they were arranged gcécording to the coal basins, and -inglde of-
- thesge groups in the order of increzsing carbon content of ths -

.. pure coal. For the. -PuUrpose- of comparison, tworbrown—coals ‘have

been adde&~_M5:;_:, B , A

Nature of Coal Coal Basin Coal“Samplef _ﬁipg_///y

"

" Sof%t coal. = Upper Silegia. 3, . 1262 Janina - -

o . - . 2¢7 1118 - . Grafin Johanna ‘
3. I263 - - “Myslowltz mine
4, 1197 Heinitz mine
&, lleop.._ﬂ_Beuthen-mine

T B, XTIBO-
Te 1174 -

B, 1216 .
" 10. 1086
B T

§ © 11. 1060 Vikt. Puttlingen 82. 24
__h__________qlatrtl152____ luigential - £84.8
Rhlﬁeéand - 15.if 229 - Union Rhein - ¢

M;dpﬁerman 1.




. peléz

:"faf=~—‘~of coal;¢specially- so£t~ooalw—w1th—she—carbon‘oonten$?-¥n tnow—'

- gumma e_xhe_ngsults by* sgying, that the predominating

-
, 1nf1uenoe of the Oarbon contant is again oonflrmed in tha experimontb
thn 600 atmo~ = (<~no i

We must attribute this to the steady oEEngos in ‘the propertzes' T

coals here investigated, the increase "in the carbon content was .
accompanied by: an increase in the amount of avallable hydrogen,
the degree of coalification, the yield‘in low temperature tar,

----- ~4n the Upper Stlesian coals the amount of chlorine. The foiiowing.

- propertles in gpnerally decreased with* lnoreasing carbon content:
" the oxygen content, the volatile matter,_Airon and alkalinity. ~Thers -

'was no connectlion between -the carbon content, sulifur, ang;. na;nrally

~ash.on_the cne side, and the yleld of benzol extraot‘{bitumer) _sn

"Lths~other.‘j R | ) N | e T

~ - . The following reguléritiés have ‘been found with regard to i
_;hydrogenation behavior. o ,

1), “AI1l ooal requlred about the same hydrogenation temperatnre,i;"

" “of about 468 - 474° to reach trouble-free operations, by which
18 meant  the start of the liquefaction operation with a sufficient

utilization-of aaphalt and~a sufzioient mastery of the: oonverter R
~operaonnsc , . . - .

T © '2Y. - The utilization of the ooal 13 evidently a- tunouion of

»-—F’ Ats fusain content. 1In general,: differences among the different

"coals are not great in this respeot. 'On the other hand, one may
‘observe a. slight deterloration of utilization with 1ncroaslng
carbon content, " . ST . R T _

qLi__?hogyieLd~in—gaeolineoandﬁmiddlo-oil_is_primar11V.f\A

determired by the carbon conient, -as may be seen .iln curve 1. . The -
yield of the two-Saar coal was below normal; and these doals ~ .

dirfer from the rest by a higher~ash content {G. 81 and 6.7%) of &

‘@ifferent composition (muoh magnesium anﬁ 1ittle oaloiumr-' T

4). Contrary to the-freqnently expressed opinion, tha utileo
1zation—of-asphalt 18 lower-wlith a- higher oxygen cocntent of. the
coal, i.e. it becomss poorer with increasing. carbon content (of

fig. ’2). The experience with brown. coal of-an increasing asPhaIt u—_7--

~level with -intreasing oxygen content, and. independent of tna

PR |

‘carbon oontant, may“thérsfore*not—befappiéeﬁfto—SOff‘yggﬁo

- In this reggoot also- the Saar coals behave«loss favorably,

whioh must be attributed to thoir‘ﬁigher asn‘content.\




;f"**ﬁéba185*éggipbégiﬁi?%witﬁ“zﬁéihlgh%gulfur3content;g o -

Tel42 -

. Tpe youngz Gelsenberg coal occuples a poeiticn all i1ts own- o
because cf its ecpecially low asphalt value; it .ditfers evenr from -
the beh@yxor-of<other=coal_fr9@*tﬁe’same:depcait;"it“hay nos. _ ..
theprefore be taken as._a prototyps of ths Ruar coal. - its exceptional”
favorsbie behavior 1s protably connected with its pecullarly leow ,
alkalinity, its Gal anid MgO content is the-lowest amongat all the .

' The relatively favarsbile asphélt:fﬁlﬁés offcoél in experi-
- ments 5 and 6 may possibly be attributed to TShe ralatively high <
reaction tempsratures. = . - LT

— Tl o

. 5).. Gasification is probably the mos% ¢omplicated (fig. 3).
- Thers is no simple relaticnshilp belween gasilfication and carton

PP TR -

content,. Tgs,gagificationyof_brcwn»coal-iS’ths;samefas.cfusqujﬂf}H;g“ﬂ;

coal with 8 -:;é-%mmbre;carbcno-fAmcng~softfcogls;*gggxfrcéﬁiéﬁ‘;””
oves greatly increass with the carbon conteni, but there ere . :
"appreciablégdifférence:fnomgpsgacoal,basin~tc'anqthsrq Gaslfic-
ation of Silesian coal is the same as of a Ruhr coal with e
3 - 4 4 more carbon; or, %o puv 1% differently ‘Silesian :coal’ o
.gesification differs by 5 = 7 % £rom that of Ruhr coal of the ~—
same carbon content. Values for the Saar.-coalz are scattored -
- between %ke other two. . - ... Lo oo A

- —which ToPm 6iis, ~Uthsr coais have such shoriside-ohalns that |

Thege ‘differences in the gasification from differeni—eoax
basins is presumably. the result of %the action cf many factors.

' A working hypothesis has been created that tha relatively - =
high availablefhydrogen.contenﬁ"and,?olatile,matter\oi the Ruhr _
coal 1ls mostly;ibnnected.wishfa,reIétiveleioﬁwoxygenAcontent and

' the presence of relatively long paraffin chain hydrccarbons. { side

" chaing in the coal iteely, which produce-upon aplitiing molscules

they form gaseous hydrogarbons chieliy in the thermal splitting

in the converter. This hypolhesis is also confirmed by a consider- . -

‘ation of Saar coals, in the case of which deviations of gasific- -
- —-ation_from the average are parsllel %o an increase or -decreasd =~

~oZ availabie hydrogen. N

- The low Cel con%snt of - tHe reiatively low ash; or the low -

L ;alkalinlty,‘may hgwsver_be févo:gg;g’tq;gaaitgg@ticno : '

The effect of ash is possitly insufficiently uandersiocd from S

"mita_daiezmlnaj;ggwgg;Ege ignition T

1%t seems important 0 learn the mirerzlogic composityom of in=

’_w_giéagip”cbggtituéntsicf coal, 'since the action; -8ay, . of caiclium

_would surely be aifferent when présent as & silicate, dolomite,
-~ aragonite or vaterite, as happens when calecium is first set Iree
- -from its corganic combinaion during hydrogenation 1in the converter.

. /8/ Hupfer. -

CEELSternaberE.
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T0M Reel 162 v | U, 8. Bureau of-sines
Frames 877-878" - Hydroc Demonu Plant Div.

Industrial Production of CatalySo 5088.

S

T Leuna, m vy 3, 1943.

~ S el e

1. Production from Tungstic Apid°

Tungstib adI&"*WU“‘HgO—pro&uced 1nfBi*+erfeid“from—thaf-
‘ore concentrates (65 - 70%300 cdentrate of the wclframite), is.

- used as the raw materiel. It contains sbout S2.8% WOz, “The -
ore 1g dissclved in NaOH, the sodium tungstate formed decomposed
‘with acld, the ftungstic acid washed, &lssolved.in ammonta, the
solution again d.ecompoged with acéd, and the pure hydrate

»filtered washed and dried 1n a drying oven. Tbe filtrate

B Y PR ¢ ¥ 24 SOMES IIEB R o _;, = =10 15 emginl
W05 with 11me, and'the Caw04 devonposed wiuh njcrochlorlc acid.~
' The bitte“feld tungstic acid iz very pure and containsh;
in addition to water, only 0.2% impurities (8b0ut 0.03% Fe,
traces of molybdenum, small amounts of Ca and Fa (about O. Ol%)e

: A ' is formed as a solid phase . from an intermediats
B ) compound %ne ‘ammonium sulfotungstate, upon hezting lm the —
. presence of hydrogen-to temperatures reaching AOG°,'accord1ng
- -~ fE’?iET?ﬁEEE&&ing éq—“ttbna. T o _ , e

L. wos + 2 NH403 - \NH4 2#04 % 320
,-)',.2)0» \mm v%?gﬁ—"*’ = —m‘évzﬁﬁ‘l?{q

S)Qv (VyéLgysé & (puzszy ‘%he ”mally¢>ﬁwm $ 8% (hﬁd)?s (a)
‘ + Hy a8t 4000 ——> WSg + HgS 4 (Nﬂé)zs (o)

. The eo‘id (de)zﬁ_Qri raparsd by solutioa of tungstis
2cid at 65-70° cithe? in 12% NiZz or in tbe mother liquor obtained
after filtering off. the thlotungsuaue ané contzining 12-13% NHS
- ané-ebout—10%— Egsov The insolubles are zettled cn standing,
 £ilsered off (5 60°) , the Filtraté eaturatel with HoB in a
asturator provided with a stirrer, with %he temrerature.risiqgﬂwwm_
to P0Y (exCese pressure oi HoS is 2850 mm); the temperature 1ls
T nexse slow*y“tcwere&—20~250 tairing~%¥e—ereesurew~—ﬁono=—
clinic erystals of ammonium sﬁIbeuﬁgstaue sepcra.e out as - -

' oeauti’ul orange Ted powd*r.“fj__;

.- _Saturation with H,S must be done’ &% elevated temperauures _
(60_= _70°) pecause of . e high concentration ¢f tungstic acid—
(about 20%), in the cold there is & danger of con”ecipitation




ekad

‘of  tungsten oxysulfate with the sulfotungstats‘,"mhs oxysulfate is
- rather little soluble in the cold, and.should. it form, it will not
‘ be converted rapidly ‘with Ho8 into the desired sulfotungstate.~ e

Thax_salt 1s'formed aggotﬁing tQ;st_foIfhﬂLag_sqnatloso1_

fsThe oxysulfaze cyrstallizes as ;omonnysklsw-nead*es and produces
-..a much less active catalysts apoo thsrmsl decomposition, than.

- 5058. -

ure—&ur*ng—saturatxon~has—%hs—aééiikonal—~~”~i*
£ the- s.zlfotungstate :

Of ‘!250 . . i — -

The crystallized sulfosalt ig separatsd from tha mother :
. gquor—in a coversd suct flter.  The £iltrats is used for th@_
solution of fresh amounts of WO;S° The " ‘precipitate is dried in -
hydrosen in a steam heated vess2l provided wita a stirrer. S

Decoggosition to WSE'

"‘Ths ggz solid ammonium salmotungstate is Ascomposed in- a
continuous furnace with a screw drive, 1in a stream of hydrogen,
at high temperatures. (max. tenperature-2l- - 22 mv,) and forma -
i this way WS, wiich retailns to outward appearance its mcno- .
clinic structuPfe, but which-otherwise would crystallize in ths
-hexagonal system. - Thls apparens pseudocmorphy results in a
-perous structure of the crystal nattioe wnioh produces an aotivo

catalyst. T I - : T

[

e e “The WS powder cooled YR the rear snd @f—EEE“fﬁfhace in a

stream of_ggdrogen‘is finely powlered toc a definite mesh and.
compressed in Kilian presses wier a I maximum.pressure'or IO‘*"ijV**‘- _
" tons intc cylindrical tablets; 10 mm in diameilsr and hsightc, Suoh .

tablets can resist a pressure of 300 =-650 kg/om o e L

. .. “The operation life of the catalyst-is 1 -2 years, dspendang
upon operation. conditions, and 1% 1s then ssgene*ated in the

catalystrfasxoryA — - : : I

— The reggnération 1s. very simpxeo mhs used. oata;yst is
roasted in rotating furnaces with alr’ heatsd Trom the outslide

—u-ﬁtheﬂpcag%e&——rQ&“g§~d1£801¥e&:&ﬂ:the—mﬂihﬁr_liannffrﬂm ammonium
- sulfotunbstate, and the solution treated inexactiy the sams - way

‘as in the produotion of tungstic: aciﬂf

" Phe solution residue contains muck iron end consist s,&t Esshs'

- and‘ undissolved WO3 (or WSp), 18 rercasted and “1eacheds Tmted
 gecond. leachingﬁzeslﬁue containa over 50% Fes is then corver

into—pure%ﬂ%; Y trssfing it”ln the sams way &8 ore.
‘ms_mlusternbang,




" TOM Reel T5 | J. 'S, BURFAU OF MINES
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”Eiééhhammer‘ Febr. 11, 1944

 Dr. Xornig's Letter Regarding I%;rustation of
N ?%eheauers and the Action of Catalysts in'Causing Them,

Deaw Dr;’Wisselr- - %,.“f;wﬁ "-l;luvw N ,"l f;[. au;%;W‘; gﬁ

- I ssn-to- taunamyoa'for youn<}e£ter—of—the~5rdﬂof—Feb—~%mmn
which I lsarned with regret;, that the formation of crusts has mot -
" yet besan overcome. As ydou vorrectly assume, ny opinion in thist
matiter 1s based on the close connection‘betweeu*the—fbrmatfbnﬁof
‘the crust and the ‘:‘:ca'i catalyst. I may therefore be excused if I
fcliowed your suggeztion aznd I briefly discussed here the develo-. -
- 7 ment cf the modern cocel.catelysts, as I remember it. I have o
carried cover no dste from the days in Ludwigshafen, I must depend .
.entirely on memory. ~1it wey . therefcre reedily heppen thet my :
‘recolliections here znd there_were zomewhat in error. I would-
tberefo%e .request ycu to-treat the_ information 2s given €0 the
best of my kacwledge- and recolleciions. Sheuld.you £ind discre-.
pancies with the Lutyigshafen_recordsng would be grateful for 4
-your telling-me abcut then, to perbitame to reﬁiew thorough1y wmy - -
: memorv or these poirt . et i _ _ — ,
- p;Eydrogeaat&or wvas begun ir Scholven in 1936 using tin oxidé -
“CI as a cataiyst““aad‘afprhusure—vf—iﬂo—atm-—we—be1ieved to have
suffi cient*y‘mast@rcd the very- aggre381vely acting chiorine to
expect no lsrge d¢¢_*e¢1t£es in.z=pite of the eaperieuce of
JCJ whnich cautionasd us to dae 3Ipec *al precautions There was ..
. chlorine corrosion o7 the " prehester, &3 you remember “-the neutz ral- -
~—ization ia the catshpot a and in the neuzralization unit 414 not o
Proceed as smoothliy, as we. may have wished it.” True, these
”fﬁ‘dtf**cul**SS“were<1ase* zntively overcome, but we StilT retalned
the impressions tiat 1t - JouLd be ¢dv&ntageous to eliminate_entirely

the use cf’ chlori*zeu ) o _ A N

‘at 300 atm. pressire iiti Iarger emounts of irom catalysts,
omiiting of chlorizme. Ws have found, however, that the actiyity
T of the catalyst was by no maans sufficlent especially‘with
“respect to the util zatisn of aspbalt
. -Cse~xas_then'm¢de of observa -ions made“ir the vapor phase
tnat‘nighlywactive catelysts et intermediate pressure. can be A
-'readlly rerlaced wiih less ective catalysts &t higher pressures:
_ It wag decided tc ir &estig&te -¥hether coal hydrogenation cculd
be successfully perfecrmed-st 700 «tm, pressure with - the non- -
aggressive iron catalysts. When operating details and- equipment.
has been” developed for oper&tions gt 700 atm., experiments with
iron catalyste (B&ye” m3339 1ud m&se,'bqg iron ore) were resumed

Ekperiments were then- stafted on repla»ing Sno - Clﬁcatalyst_:jff”
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v"These catalysts were fTound to work-satisfactorily at 700 atm.
An- additionsl argument in favor of the irorn .catalysts was thelr
-successful use in Leuns. 1n the hvdrogenationAof Trown coal. —o

-De-ashing is earr;eéAou* very extenslxelg_ﬂiih_scfx_coaL9 and 4
it was desirable to hold the increase in ash by the catalyst withir -
the narrowest possible limits. It was found therefore at which ’
concentration of the catalyst the advanicges of greater catelytic

. activity ceased to counterbelance the disadvanlisge of higher ash
- zontent. iz -was found to be-withk 1.5%° tTh%v figure is stiil.
- sed -today -in our-designing; I hsve-read with- rest—that Fou
have increased it in the mean time. I would ”e‘poma your 1ﬁform-.

ing we the reasons for. this: increase) . L e e

.o -..__ A neutralizatiom of the coal ash ha3s been found to be _of pr*memw
- Importance for the improvement of the actiom ol _ihe. eatalysu, as
——has—aireaéy—beea~feuaé~%a—%es%sﬂw%%h—%@@-&w&n¢~Ae;@are. Thege

‘experiments were repeated and confiﬁmed for 730 a=m. Vorking with
sulfuric acid was, however, not- paT*i"UIQALY Jleuzgtt and—we
- aelected a neutralizing agenu which was sazis>» %5 handle, namely -
- ferrous sulfate. Ve found that in-additiocn Lo neitralization, ‘
~ there was also in this case the beneficiel acztion cf the. fe”rouam
'sulfate, and that the ferrous sulfate was in 2ff2:3%t _preferable
to-j;sulfuric acid. Nor dld we see any objection Tor using it im . -
large scale operations because Leuna has .occasionally used »
farrous sulfate in reguiar ‘operaticns with brows ccal. It had.
already besn previously foun& with brown ceal, that as loag ‘as-
1t was not rua with molyddenum, tke coal pest@ hald to be only -~ -
-artially neutralized say 25 - 50%, and tkhe same has been fourd
true here.  We have found that I‘L% iron-sulfate was sGTficient;
-an increase resulted in no improvemwent of the cetalytic action. ,
The method used with ferrous sulfate from the -start was. the same
as used with sulfuric acid, nemely the coal was ssrinkled with: it.
We have found no radical differenee-in the action of these- two
neutralizing agents bDécause of the l&rge amounat of hydrolys 3 of
__ferrcus sulfate {the recuired water being .supplied by the water of
erystallization of -the Terrous sulifate, when added to the perfectly
. 4y coal) “which could- thersefore actu&lly be considered sulfuric
- @=iéd. 'Bowvever, should this sulfuric acid have failed ta
. Interact with the lime of the-coal ash, which vas ty no meaas. - —
AA—uﬁassure& whea the addition was made. in the form of je. powder, it -
wili react with the pasting’ oil, &nd the primary gflect woul?
in- thia_easewbe,polymerizazioa - Ve kuew ¢mom ou’ “ests witﬁ
sulfurcus acid,.
" . 8till brore- dﬂfaqprably, : hhat 302 polyme?*zes o-ko, harmiess
. -in themselves, to eo;loidal esphdls (Klebesphalt,-go such aa
- 8RLent; &s8- to~e&use—&~?%ﬁe—za—yemaéra%u?e-aug Fa
Pilot plant -experience showed the advantag@ AT inkling a-
solution of ferrous sulfate uponr moist coal, waicn would zive
the greatest assurance of neutraliszation of the—l;me in the ash
and provisions have been made for it—im tkhe plant here, even if
it was comnnected with considerable -inconveniences. Ve kept _ ~
telling ourselves that as far as possibls the correct-theoza&égal )
way should be selected; in preference to a simpler way, which may ufWA“"
have nox;beeajfounﬁ—fn~praﬂticé to e undesirable tut Aisegresd = -
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_with the theory. Ycu anrd Gelsenberg were more g:ea*ly influenced
Dy simplicity of operation;” thaa we, apd nad 4z cided to make the
additiou in the dry WAy, : L = . _

’%*win splte of advantages reault*ng Troxg thd d4ss of iromn sul-
'_fate there also was ome.disedvantage: saifuric =31 “neutrzlized
nurt of the arkalinity of the coal ash azd the *auainder i3 no"

_ longex snfficientAte»eombine*with“chlortﬁé*In"*hr ¢oal. Slignt
:'uorros¢on is found btack of the catcapot, which n 2turally is - -
Darticularly disagreeable at 70C atm. We were howzver determined

_to ‘avoid in Scholiven at all. costs the inccavenisrzes. conneczed
"wlth the chlorine neutralization back of the convarter. We

were looking, accordingly, for a. substauve whizk would combine
with chlorine right after 1t was - ddedf nd would not affec
~catalysis.. We found such an agent in- sulfigrau 3 Aan addttion cf -
~0.5% completely stopped corrosion et the - ou tleu; 2zd it even“ :
promoued an increased cataly*ic avtivityo.- S =

I hope tOAhave~cle&riy preae tad the gevesi«"cf to—day s
eas on catalyste, im so far as I could do 1t frox memory.

Noa to your. question abcut the-"gui’ty part\ 1u chroeion,

. It hes been stated at the mesting in Frenkfurt A M. - z
10/22/1943 that Ludwigshafern went intencively iztoc the ana yses - -
of -ctusts, and had in particulsar attempteé to attridute, the guilt —  ——==zv
for the t formation of the crust to the Fs:Ti retic. However as :

far as I.can remember, these znalyses were iasaf icient to procuce .
. 2 definite answer. I do not know if add:rtional- tuformation had
. —4in the mesntime been collected; you would howeve% surely be -
femilizr with ixw and I vould natnrally be in erbsted‘to hear-nore

- about it. @w

I agres wi ub you, that iron snlfate is Drim&“lLy resporsible--

I would like tc be told whether sul-lgraw‘*s 8isc presponsidie,; and
to what extent. I would imagine that Iron sulfa%te acted fzrst as
. & result of hydr0¢ysis upon 011, csusing poiymerization with the
—.. - formetiocn:of colloidal asphaltsg to which iroa suifide, formed

- by the interaction with hydrogen suifide o»n yd»og:x in the

circirxlation gas would adhere. The crust formed i3 acted’ Upon by

‘hyérogen under high pressure in presence-of iron sulfide, which

acvs as a catalysyt, and the organic constituents of the crust

iShe colloidal asnhalts) are largely hydrog°1at@d avay, leaviag

a crust comnsisting finslly of almost pure 1~o gulfide with small

Tocclusions of coke-like organic dbialer

‘We may @ifTer im our uda'%standing cf'tnm’901rse of the
f“eactions but the fiaal results oblained with eiltaxer-view points
will be the same, and you wshould theorefors sxpect the crust forms-
tion to diminish should you iatroduce ferrous sulfate and. sulfigran
directly into the first converter. I agree with vour expectation,
- that you will have. to ‘accept 2 reduction inm the utilization cof.
coal it has however been repeatedly found; that it is the

\ — —— . ——————
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”catalytic activity in the preheater, i.e. during the initisl o
-ﬁdepoiymerization of the coal mOLecules which has the decideda . - - =
efrfect-upon the utillzgetion of rcoal. This may be the exact Teason
for the pronounceu effect of ferrdis sulfate upon the coal utiliza-" |
tior. In -any case, I would recommend, that iron sulfate (and, -
- 23 far as possible che sodium sulfide ax well) be ground with the
. catchpot ‘heavy oil, this oil being relatively resistant to the Rr—
"polymerizing action of the iron sulfate. The addition of the coe TS
-asohal'-coutainiug cil sﬁould be- doue a3 close to the high pressure

_ counver ter as possi“le 5 -

: Ws entertain the hoa>s that with our ‘method of addition iron -
sulfate interacts qu ntitatively with ‘the ash. in-the coal, and-has_~_____~4
tharafore. lost its Terror as & plymerizer before ever coming in con- L

- —tact with the pastitg oili— Shoulﬁ'this -hope be justified, and alsc

the already expresseld opinion on tnﬁ—course of the. reaction it
‘may dbe possible to take advantage of the action of the 1von T .
sulfate dispersed ths coal upon ths u ilization—ef the coal with L
no formation of erust in ¢he-preheater e o .

. Tﬁese hovavers are speculations° Should we be lucky, we would

-~ Kknow by the end of tihis year; whether Sur easouing was r;ght or

Wron:g. ' ' o o S ,

%b trheak yoﬁ focr ycur kindly wishes upon our starting hydrogena-'

tion. We ceuld vexnﬂuee ;uch bscause the task really is aot

simple..

,genation of hot tar wkifen probably wewe caused”%y thermal strains

and .which resulted from the bridging of the hairpivs -However, ye
. ~hope scon td overcome Lbese aifficulties of start =¢1;f T

RSP,
B 22 .

/s/ W, Kronig—~'

L e

M, Sternberg




L TPOM Redl 75, 0 . U. S. Bureau of iines
Frame 904-808. - Hydro. -Demon. Plant Div,

Dr° K"onig'a letter on "mﬁe Gernesis of Coal

Gatalysts, 2/11/44 T~1443 - _

-’

Dr° Kronig, in his statement that 1.5% 1s the point at which _
-a furthér increasse in the amount of catalyst 1s no longer counter- . -
"balanced by an increase in coal utilization; overk L
: ~ that in his days (1936-37) the catalyst consieted of FeS or - S
_——fMA%&&;?mmmfﬁmm3amrhmmqmﬂamzwmmwgﬂwﬁmvvmﬁmmmmr—**“W“1
_ of part of the 1.5% FeS with cther ircn catalys%s has been tested - o
“-only subsequently (end-of 1937), for reascn of supply; this wae
the way the by-product, Lux masse, -came up for consideration,
and ultimately preferentially into use (in pilot plant). What
arount of Lux.mass wasg used to replace FeSC, we 4dc not &t pre-
sent. know; gr0portlon of 1, 2% FesCy o 7Eo 3 to 1.5% Lux mass
is based entire y on an attempt at pri ce equali*x with 3% .
 Feso 0 (abt, RM S0.00 per te of mctor gasoline)., The pcss=
‘1b11§ty of using ths other masses, Leauta anG EBayer, were only -
considered after- the-questibn of catalysts for Gelsenberg came
up. The- preference of the Lauta. (or. BPayer) mess in-Gelsenberg.
. came as & result of advantages in avazlability end freight, = .
- The amount ised was increased ab the advice of Leuna (1.5% to—2%,
referred to coal),. because~a,lower ef?iciency than of the Lux
T mass was antic;pated.' Lo . — NI
Speaking chronologically“ the “discovery cf’FeSO‘ as"8 -
nsutralization agent which foliowed tks use ©of the pur flcation
~agent was nct very accurate; FGuO% was the original material =
tested in. experiments on replacement of Sn0O < Cl at 300 ae well.
It is true that-the discovery of-the need of-
T neutrdII’Iﬁg only to the extent of 25 - .50% wsz made &% %hat
“time; £180 the possibllity‘of replacing sulfuric acid with -
ferrous sulfate &8 & neutralization‘agent. This has nothing %o

:v — .

/ e : e v : L = T -
'# The Bayer, Lux and Lauta masses apparent;y—all similan %o
"the "red mud® product in the purification cf alumine by the -
" Bayer process., The bayer mass seems to be lower in iron and
‘higher in alumina than the other two, but ihe analyses: of all
.three vary “in different répcrté“—fﬁeprﬁsen*at*ve—crmposit&on

' of the three may be oonsldered' ,
Bayer mass: - ,‘Feno '41%, AL.0.. 23%, Naeo 7o Béﬁ

-Lux mass, Reel 34, itéﬁ“SIa - y Ju 4%
__Lauta mags, Reel- 33, item 19: “; 50%,-—: 11-12% : 3=4% -

1~_fLall_onhau§ry basis.) . . ... { Translator




40, however, with determining the amount of FegO, (1.1%), nop -
with the amount beinz fixed—with respect

.. action. -The alkalirity of the

18 known %to-ve far in excess of
10 g Fesoz7kg), i.9. the consump
naturaily effects very consider - )
sulfate. One must Z.ogically increase the am_xxn,t“éf“?eBOg*wlth any =
‘3t reese An the amount of the Bayer mass, tO gét the same catalytioc )

alkaiine (as the Upper Silesian .~
+1% point for ferrous sulfate is

acsion 47 the coal i3 strongly

. _‘__7, _ -codf&eml{__,i S,Xf"‘ - Dro . Kr.&msa,_s_ ) l

]

Cee- o meles

to increased catalystic .

mass used in conjunction with -coad
that of coal (over 260 g, egainst..
tion of acid by the Bayer mass -~
ably the catalytic action of ferrous

“therefore as fallinbl: as_ the 1.5% point for the Bayer mass. Nelther
‘of theze %0 poinis are fixed, but simply Lictlitious assumptilons,

even 17 based-on SXperiie ntal datas

o v

' The table be}qg_-:gives"ﬁhe datées in the development of the -,

éétalyétsz

. . Amounts of Catalyst in the Liguid Phase.

"y

-~ - . R . -

~ (Amounts 1n % of pure Coal)

e e ———— R . - . P

_Source and Date of Recommended fééoé.?ﬁzo'_}sﬁx- ‘mess(L) - Sulfigran

~ Proposal - L By

Gateul., 6/17/37

. N 727. 37 .
Reporst - 12/15/37- -
Discussion, 97/12/38

——

Con? ersnce 9 /]:9 , /38 o
Discuss. 12/17/38 - = Simon

Calculte 11/24/39

Present Consumpticn, ‘
Gelsenbery, Jan=April 194 -

Test, Jul¥yi1943d -

o Aug.. 1849

- I8
(1.

- Funer- - (

p——

. . T 7= Bayer (B)

Laute (La)

5% Fes) =~ = . =

3.0 - 0=
(10%§20)

2015
(507 HZ0)

2.8 II::_;‘T’*‘?T_'“ I
- (80% H0J 0.9

2 :
. (093)

) 3 %gg%BH ) .
. - l » ~i—:20 T

)

" 1.3
.. 1.3,0. B (10%H50)0.3 . .
3. _ . 2;0(La) B 00885
)y 77 (1.8 (La) B) (0.8)
2~ I8 {kml B 0.3

2
1
" &e0
_ o

(

2,
1.
2o
Lo
O.
1.

- The table shcws thab voiues arrived by calculatlion are—ir aver
' cgse lower than the zmounts -for -consumpllo '

t_assumed :.rr -

 the discussions;. the cata for FesSC, differ by 100%. When deslgning
the PYlitz plant the Pinal v alues selected were the same as. -

. in i
. Gelsenberg (1.2 or I.5% and "O,S%)._,f\as,_discd’és"ed .on 7/1/37 and ;2/1_@/_37_; _

o~

0.7



EX

to what extent these figures are based on larger experimenta (cf .
- communications of later dates) is shown by the fact that they were
originally set on tas basls ofhprice‘nﬁ-Feso s &8 may be seen from - °
the tavle. A further doubt 1is created by the Bayer mass which 18 .
-purily oxidic when zompared with the hydroxidic Lux and Lauta L
(masses, and 1s less weli sulted to hydrogenation, according . to ;
- Dr, Simon. The Baysr mass kas however been used for Years by the'
I.G., also 1a the haavy Oll produetion in Leuna, while the dried °
~bagta-nass manufactured in Lﬁuna is actually" 1dentieal with our
Bayer mass; 1t should be advisable therefore to carry out sxper-:

iments with the hydrsxidic masses (uux, Lauta, also bog -iron- ore*).'“¢'

It is. not”Iﬂpossi*Ie, that Upper Slilesian coal -behaves differently
in this respect from Ruhr ccal, even aside from the fact, that

~-'"Lex,u'm. as. Well accordimg to Ludwl shafen, used at first. not-the

pure Bayer mass, but a mixture of 1t with 40% bog iron: ore, .

We may menticn trlefly the impregnation ot_gpal with the cat-
“alyet (FesgO, Y, accoriimy. tc availlable data.’ We arfe as vet unaware
of gny- expe%iments wiich prove definitely’ and,unequivocally the -
adventages of lmpregreting . the cosl; the perfect absence of-guch ..

procis mey be the recesson why Gelsenberg and Folitz have- changed
over to the simpler meehenical: methbd of addltion*, o

(The next twc gar¢graphs are omits ed ;. being polemical with
. Dr.. K.'s prefereérice .for using a solution. of the sulfate on
'theoreticalﬁgrouncs and claiming that polymerizetion is prevented

by the—aadition of eu.f:.gran, ‘Tather than by adding the c_atalyst |
“in ao;ution ) ' . - A L T —

B Sulf&gran may zﬁfgenera. be considered .as: g.regulator, and
"the amoun%t. of sulf 1gTan used is determined in practice by the
amount of corrosicgqxlncermeaiate layer in the coal catchpot),—
i.2. by shifting the react*01 into the acid or alkaline range. It
is further importan® in this ‘connection -to point out that on
“theoretical grounds 1% would be correct to add Fes04 to ths upp er
1imit, because the razl- catalytic actlion is Lo be attributed to
the ferrous 8alt, waile the Bayer mass, even more than the Lux

—mass ls oxidic; 1s59.- cantaxﬂs~tha~tron“in*the—ferric~state~f

) e . . — >
#Pne orlglnal pla“s for uslng ‘the Lauta mass had to- be ‘changed after
large scale tests bsczuss of 1ts high water content (50%): neo :
—proeportioning of 1t above the bunkers was possible (plugging up .

~anG lump formaticn). This may also have been the reason why
Gelsenberg uses thc.iriedABayer.mass, .

N
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TOM'Reel 17? R ‘ Bureau of iiines

Mss-se_;__ﬁ ﬁy&ro— —Bemon—?i:ant—ﬁiv

" Py cuction Costs ot Auto Gasollne and
“HEered frcm Situmlnous»Coal ’

N o Lu, 4 November~1942-—4'ﬂ7w'

RIS

700 htm@ Liqula Ph&seo Capacity 146 000 ‘aons/ann° G&soiinbf
+ Middle Oil A :

1.73 hycs.r ?aﬁ.a;c;z wa,uer, 45 a8h & 23.00 40 oo

1sc0 m5 @ 0,04 - | |
(Pintsc =Brasse?¢«Geno BACOO/tou coke) o _85§5Q-‘

Liquic Petrol, G’“."_ Credtti4l kg @ OezoA . TElzo -

Hy-Gae Credit 2,95 : 10% WE o 6.00 17.30 85,20

L Catalvst and Chemaoc,l - - TT2.40 . 240

. Power (HP-ateam 4000 S, Lgnsteam 3, 70/t eurrent

T 0015 KWh, water 0—0;/m iy-gaz 6. 00/106 WE) 32,00 - 32,00 .

nagss & Salarles, Opamauing naterials & EE
Laboratory costs i 3alaries 30% ol vagee, oper. IR -
mate*ials and labcratory costs 20% of wages) &9 60 19,60

Repa.i- 8, _5;5/0~Of_.,>£«...00 900 - Tt 15,20

- Fire protsction a.za ‘saXes xﬁre protec Tion ,o G,é) ?650 -

 Amortization, 10% 6f 34 +200,000° 2340 46,10 185:30
_Gepsral, 10% of 185.30 - L. 18.80 | |

—.

Interest -3% of 34, 2)0 OOO

: —In*,re‘s‘t—s%—f‘ﬂ“i) snoo
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TO&L Reel 577 ' '
Ppa. 1357-58 & --65 —_—

So

Burea.u of Minea -
,qmwnydro¢ Demon...oant Div.

' .s..z., 2 Novembez' 19%2

" Hunning

Gasorl..ne + midé.le Qil

_ iz.zguzd Pne.se 700 Atmo L 3*3—243- .
jl.6 _t/ﬁh._
- 32.0 -*s/n |

— —__——Pri.mary crushing, .

Drytng, . e

. Paste milliag &A:ress...ng 74,0 &/n-
G-a.s Giroulatiorr, o
‘ 119 m ,/h

- 011 Washirg,

_;.?rmary Gruah:e.ng

123 ooo j’/n ’

3.2.25 HBavI Oll Lrvc‘*es’
w Atme L g 0.4
§0. 5 t/h
' 61,5,2;/3;

4-\_;

| -Dryi.ng

;'1,:Paste Milllng
Preasing R

_ 1. .4 o/
192,600_1:1_[1&? S —

Ge.e Circula,tion
S 150 no/h —.

"O,.i v ashing

Go Q &ssfon s

stalla, 2 (4 comerters, 18 m. lg,,
= 100 xmm> a.ie..—}

i ox@mssrcn————smoomﬁ/h

Centrifuge Flant, E— 46,0 t/h

Kfln Planu, (;I:ow temps
. carbon.tz,)

__'_J 4

Slth_

) Col& &atch ‘Pob- Prod.uct ~
_ - ———Dz.sﬁ:d.—.!:l&m":onf;—élx—'?%fh—

Iield from Column, 3 31 t/h
o G&BO:L- £ 390 G - -

&Y 4:9 t/h b M-—Oil @
325" Co

——

LoP .G— (Liqu. Pesl:roI'G-aB) and
Vo Galsola.ne

- ,5%&.3.18, 2 (4 con-erters, 18 m. 'A
. lg. x*lOGO”mm. die..) ‘

Centrifu.ge Pra.nt s, 3 'ty‘le-*_'

Kilp P..an‘b 14.2 t/n, T

- Cold . Gatch Pot Dro&
Dist.&lla&:i% . Jﬁoﬁ_t/L -

—fyieia “from Uo.gumﬁ—ﬁ—ﬁé tfrﬁz-asox; e

| -8 200°. Te-
& 2%85% M.TDII._@—"ZS*C,,

Lo.&. oG‘o & VQRoGo,' Ueg t/h
j '—\’5‘4 3058 t/h 33 & G&

-yt

[+ R.G.  (Vapor Recovery
"o 55 t/xzﬁcs,-, -t- 2.58 %/h C3 & «.,4

Fuel- en 12.75. t/h

%._4___‘ .
~
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Ty eredustion

S T For ty-0n Plant forﬂaltumsnous Goal .~

e
PSRN

g -

a)e - DSD«Gaéoiiné - 700"';' ﬁm’i dr'—.?hase »ncludinb liq______
~¥; ayaééa'(ész) .. iib,000,000 WE
..DiD-Gas (85%) - - ' 15,000,000 WE . |
TRWG (q’stwatergas) i-_‘j | -gggooq%géq_gz | 152,000,000

. L.P.Go from Hy-& DHD-Ca ;saacoq,qoo‘wz
L Fuel Gas Requiremant fcr E - .
Hyd.r & DHD , . ,.6 OOO Q%0 HE - 99,000,0{}(} =

. T TS Tal - T Ereese - 83, 000,”600

DHD-Ga:cl.tne 300 41:110 a@r—’—’h&ee— 1'101 uding 11 uid.

H¥~Gao R . = s ooo,ooc ¥E o
o DHQf'Gafs U - es GOu,,Ouc aW ST .
-QE.P%G; fﬁbnrﬁj—&"DﬂiiG%Ti‘j =0 CwE S

Fue.a. G&.a Requiremen for —BZ00¢ ¥ -
Hyd.ro & DH.D ‘ . - E=XRoess 66, OOO COO

j : . .- R
| a) > .._@-.__G:.aspg-ine, '?QO ﬁma--—Vmor~Meyﬁ inclb;&ing .:‘rg @:z...sesg ------

Fuol G-a.s Req..,bremen., Lfoxr B -" -
H.,"dros DHD. & 5p12.ut;11g . .82, OGO 000 (Fa*eign‘

/ Hy-Gas ¥ D.dD - Ga.s T 185,,000 OOO x’JF .
'4«.P G.: o o =53, aog,ooc HE_—

,anlit*ing_ D ﬁ.7 115,000, ,000 95 _

&ccording!y.only abt, co% of ths. ‘;Iz can be p oducad fromn -
Hyaaae a‘c full L.P G, ::'ecm'smaz"y° - , e




_Dﬁiegﬁgc_ina. SQGﬂgxm,_*anozi
{pueI'Gas Reqairemcnt“‘a” hyuro,

'DL:D & Snliqt..ng - — _- ...or ooo ooo Eﬁ(ﬁom;ggj__;

"»ﬁ'-Gas + ddDou’aB . _~ 141,000,000 :

-64,090,000 3B . 7%;000,000

Acccriinb;y, ©nly  8bt. 60"af-%§» Hp can be prc;ucnq from Hy-gas

-~at fu].l ..ae;DoJo R“LOVE“’"»" ) -

— -

e S Power Requlrement : _
170 EQP, Gagcline g 200 Atm, 1rcl. Lig,- Phase & h2 Production

*HP;steam TL.P.g%esm Gag i

'Ey&ropcnation, T o
""Po Ph - o™ < o -t 60@—% -
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oeGagoiine o soo cxm, Vo noz‘Rhaseﬁilgcl 1n;
{Fuel GaquBQuirﬁﬁan* JoP Hydr.; o -
sting . . -»-..,.04,000 000 - B ( "oreign}

V.

» DD-Gas  _ :141,000,000 @ |
' “ <64,000,000 18- 77;000,000

4cc5r51ﬁg;y ,nly ab‘c° 6Qp of tng'HQ can be pr 2uced froqﬁgg—gas o

- R e - PO . - - - ———— .

T S Powsr Reguirement . — .
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u s BUREAU OF MIWES ' KCBraumfjw-- =
“II/G/@B** *w*fl"

Est;ﬂZfe of Cost of . Planu Producnn ~27W0 ot agg i
- DED-Peed: for 200,000 ‘t/enn. Hi Performance Gas-_ ' .
01 *ro—TfromBL uwItIOIIS‘ﬁU&‘ 1.—at I.m‘mi m@a‘a— e

- Lu, p November 1942"‘v-jﬁwm.fwug

,,_éﬂ “Hp Produstion . s . "= 24,5% = RM 209700,000;_ -
: ’Gas _Plany dxnaﬁSIbn at Oppau) _ L :

T "."‘H'vdr‘nggaav, ‘*,;T.;;";" NEY S f’l?% Rf{ 45'6‘6‘36—‘3_,_ e T :
‘ I 1,300,000 -

‘,—-,.A.

POWEY_ETD&d”t¢On‘ -
(Expauciaz of Pover Plant an
| :

o= ,I

[

T Power D‘strihution ST
g r (3)

15,000,000

,ffi,m_: y 6. 5% s, 500, 000
- q B .?otal COst RM 90 ooo ooo oo




f5o 000 m3/h frcm Coke

) This part "of the plant will be built a.t Oygau as an '
expsnsion oI tke existing gas- pla.nt

- Coke Stofege ana Conveying Equipment .  RM 300,000,00'

o Vater: Gas Plant for_so ooo m§/h_32r___ﬂ S T ,;;;;;_LL
‘-f--”—” 9 51 Generators = o “\5*“*6599 goo QQ “__"_

PIant for s Removal by "F- coal" ‘f,;‘j_j"~&oo 000.00
aly%ic Hy Production . T 2,3oo,ooq£pqd’;‘

002 Cle&n;ng '*j~.q,;ji“" ST 2,000, ooo oo

e

 Compression: to 325 atar 5,000, 000.00
Pine .Lines &m;; : ‘"L';n};j; ,j};g;;rﬂ;;mg;Booigpo;oo'

P . 20,700,000.00




aydrcge%ation Frcper

o Flow uheet of 2, Rovember 1942

This pert of the rlant ana (3; uill be bui’t dn the gerrain betw*e
Ludwigshafev aCC Oppau - , ) \ o

_g}__Lé’nid~Ehaﬂﬂ%_ZDG atm i o N ~3;'.'~<5> ¥mﬁ%‘

“Cbal_storage grlnding, aryimg and” mashIWgJ“f““RM*“2‘300*600'06*~4ﬂ~—

;Qasie:??euﬁ—gasiﬂsn—— SCMEHERE TN = 2,400 OOO;OOA;:iW;_

;Gas Circulat’nﬂ Png D*ngion e S , ‘*800 000 JQ S

ffCoa Stall§;2 A"? staze_w_'“ T 10 1000,000.00
' | . 2,000,000.09

Resxdue Centrlfuging ~ :3'355"i'ﬁ' ‘——ufv B  _ 1 300 000. oo

."Re31due Low Temv uarbonization (Kilns)“ S ROO OGO OO

»Taag Storage fow Heavy 0113 o ) '=*,;‘- 700, 000. 03

Coal Caten- Pot Distillatlon’;j W3:irf¥i  ”,;;,”  il,}pO;ooo.oo_;‘T“‘
Compression, 300 to 700 &tm. - .~ .77 . 1,000,000.00 -

ff Higﬁ;éﬁdebm—Pressure,Lines incl e "-urf*-ﬁ"Q “Ji‘f
_--Reeirculating Lines e S - _1,500,000.C0

= | - ;-Tpfélvgm T s, 300 000. co

Vapor Phase: L 700-Atm. - o 300 Atm.

IQJection Pumps and Gas B ;j*h_;_; S 5 o .
: *c%rculating Pumps ;“' RM 1, 600 000 RN 'ijﬁoo,OOO’”f‘

1-% 2- stage & 2 x-3- s*age
_resyee%*"°'f ; :

'—*Gasol tai“s——q—x—E

-Tenk Storage for Light 11s w‘ f" S ';"'“":#oohooo

";— Gesoline Catch Pot Dist 1a+ion1-ooo 000 ,'rr;éjf 1,290 ooo

et s ~¥$g}rand Iow—iressare—?_éaesww —1—2@(—}:{-}%—
——Compresston, 300 to 7oo atm. 400,000 -

- '“*”“*RM*IQ 2oo-eoo~oa~“ﬁ~*%RM——f2e900—ooo 00—




. ¢}. Common Inst&llations

D‘stributiné,Tank Storage o B
F*ll*ng-s ation R -~ RM 1,500,000.

L.P.G: Plent & Debenzinat*onA - e :
lling Suation ' LT - ' Q,OOQfOO0.00

Insulation Scawfo;ding——*‘~——k~+~——f - _
Emergency Pressure Release: %~g;*:;j> “300-000 OO -

-~ -Pipe Lines - R e e o 1 000,000.00

- T . - Total RM " 4,809,000.00-_*-

o Hygaé Cleadingﬁ_nf

5

ilkacid Plant

e **-Glaua Plant {Jhyg n Burning 9}
- Acid Proo; Stack I

Blower House for HQS ofzs also,ogo.op I
“Ges Tenk.. . . T o -300,000000

Miscéllansous - , ‘ T ,;r.§b;000{00
| e 1 | g #fQQOJOQCVOOFi,‘fZlHFf

“Power Production: -

“Expardimg the Fower Plant, g , LI
1 Boller & 1 Turbine | RM S,OOO,QOQ;OO

'Expanding the Veter VWorks o . —_— A
. .'and'buildfCooling Tovers' R 07T 2,G600,000.00.

.- Fuel (Gas Requ .rement is covered by the

w———Q;;———;IR§§%éual Water—Ges (Restwassérgas)
and Hygas vvthoatv039 Cy, & 05

Total RM- - - RM . 7 000, 000 -00--




CTTEIRs
: : - ] _ o .~ Page 5 -
Pewer*Distribufi‘n--- . e T T Ty

ro~

Steam Lines-- . I ~ ~ RM_ 1,000,000.00

Vater: Lines 1, ':;!j'}4¢fA ST -_‘fsoeyoooroqg._

: Elect - Power Lines T o 741;_, =
Anecl. Transformer Station o 2 OOO 000 00 =

400,000,00

- —  Total M - 4,400,000.00 - .

e

Auxiliary Plants.ﬁ,__-

- ——G— [ —— = e
-~

Work Shops | . RM . 1,200,000.00 -
incl. Instrument Repair Shop, . e
Forge ! Shop,*Electcieal_ngain_Shnp.__ﬁ__ e
ana'brores ) A T

—_— da

: L&Eppatories e '?A}_" ‘ . ’ o vf‘“l,be,OO0.00__

 Factory Buildings -~ . - - - - 800,000,00

—Wash Rooms™™ 7 & T T koo, 000 00*

Air Reid Shelters & T 00Q, ooo 00

';Preparing the Site -~ = w;;f;i;see—eeo~oow

Railroad Trac&s and Roads ~ .~ . 1,500,000.00 .

Sewers - ;fﬁ B -, 11,000,000.00 -

-‘Phenol water Purification T ' 500,000.00 © "

TElectric kiring & water Supply _ e S
. in Buildings = - - o . - . 200,000.00 -
4 Censt:get;ea—sa;;a;ags S ~ 106;000.00 - _

_Ballysy Vehieles' .~ "~ T1,000,000.00" -

kNon-Rail Venicles,7 7:7;@ f‘f . 200,080.00 .
~—Fenc1ng | ,51‘, T ,?_*1 . 5o 000. 00
o C | | | 000 ¢

Miscell&neous ST -r<;”;§1}f—~———~“~ssel -ee—-~w4-A~f
~“>~Totai’ TR T ooo—ooo oo *—¥~%5<:AMM




MIBceiZﬁﬁéoué:

Caualjo-s S . . RM .1,000,006:00

Dbsig, T . 1,000,000.00

7“;99nstrg~tion zpsn3es &

;Qe“visiew '“'h,_.,wcfé_j ‘  f~'ﬁ*~;};412§Oé07035360f*1f7

?artiaivation ia Baiilding - . ;jj’t‘,; ) S ""Lﬂ
of Zomes - T e 1 OOO OOO OO

“Purcha ée‘éf Site.'i'-~ R oz h?ﬂd*

ﬂorkers bhelterj e . e ... On hand

Miscellaneous. - - - 500,000.00_
| ' 5,500,000700 .
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FOR BROWN COAL .~ B

ty

B = P61z Lz;—darcn 19'1943‘

-
. . PR S

Tr. Dblleln with Dr. Becker have Lold about the d~ve_onmeat
) the’ eatalysﬁ’add1t¢ons In, 1927 1929 brown coal was ydrogenated
in ‘Leuna without the addition. of any caitzlysts. It had. However LT
peen fourd that when proceeding in this -way, th2 utilization-of
brown coal amounted to but ‘mbout 60%, and& the asshalt content of
the HCLD waa sc high, that any subseguanti-operaliion ng with She .
HCLD was made difficult., Hydrogenation on a larze scale was
V;pa*tially interrupted during the ecoaomic crisis of’1929, but small
scalé operations were continued . in Leuna, and hydrogenst ion‘--————*»far
nas been tried with the-addition of - catalysts to-the 1liguid .phase. — .
“The addition of 2% of-Mo, e¢alculated as-}oC adied as the E
-ammonium molybdate, produced very good resu%ts "tilizarion suddenl;_
proceeded to values which wers economically perxnisslble. Subse - '
guent experiments.-showed, that 1f the alkaliaity <of the trown coal
was neutralized with sulfuric acid to within 282 <f the total. ‘
neutraelization value; O. 05% Mo élculated“aS“quz~.proaucéé_tKE* -
3gre esmount of utllization es 1aﬂger amcunt of s €’ to the rot- o
neutralized coal. . {These tetts geve protably rise to the thecry,
,ﬁthgﬁnhydrbgenation and splitting cf cosl pr cceecec better In zn
~acid@ medium. ) Further tests were made with nicke: salts which
also produced very .good resulis, However, the encve mentioned
rgvompounds_wereAnozﬂayailableginwsuificieht_quanﬁ ity, nor d4id they
coffer many advantages from an eccromic view Doizmy and tke
atddition of iron salts was glso found to give graitifyling results
-a-Me‘epwmrv—yoal neutralized with sulfuric acid beffcre the- cﬁd;tion
. of ircn salts acted less well thern iron salts used as such. -
¢,It_had_eyan_been found, that the additiorn cf iron- salts with -
aikeligs nrodLﬂed tre hest utilizetion of .the coal; which has 1ed
to. the"&éve opment of catalyst 10927, aLkalwzed i”on sulfaie :
uponr-grude. The coal was moistened 1n Leuna with a . solutlion of -
-iron sulfate, the amcunt of the latter being 0.8%, calculaied as -
Fe. This 1rcn sulfate was next neutralized vith on equivaisnt
amount of aikali. "The alkalies used were, ia additidén to She
hvdroxide glso sodium carbonate and sul figran _ It has deen--
~assumed that. the ferrous hydroxide first formed iateractsd with the
sulfur of the coal to form ferrous sulfide, whieh was:espazially-
-active as a- eatalyst,, Iron sulfate its=1f was not avalladble in-
sufficient amounts,-and lautz mass; lux mass, -a=i-finally the
Bayer mass have: been tried. Pateat difflcultleS'“ad at first
“tU b« GVETEbmﬁ_béﬁausé*Bé?qu§_hE3TEIEImEﬁft%Q*TZX”mESS—&B an
active catalyst in his original- patent Tests hiave shown that
while these products acted catalytically, their activity was
lesg than that of ferrcus hydroxlde produced be “recipitation
from ferrous sulfate and sodilum hydroxide. We rxay say that, as a
rule, that _about double-the amount of the Bayer mass, in terms of
its iron.content, was necessary to produce the same results upon
coal, as ferrous sulfate Atxgredent Leune- is daing the’ Bayer ‘mase;




L po149

- ﬂ-ﬂ- L 't—"‘ Page - 2

and has found the—adﬂition—of 1.8%of it, ia terms of 1ron 'as beinQ

fyal.) RO Qe‘r'_~amn11r* 'Ph{s_re_ppese“% —
Ro par*icalar aff3cts are’ praduced.by~ustng mone ; Sulfigrag~and
iron sulfatvdére g=7o) 1onger added in heuna T

Ludwigshafen has usesd- in hyd“ogenation tests in 1939: 1. ‘%Awm

- FeS0y.THxS- 7 1.£% Bayer mass 3 0.3%- sulfigran, 811 cemputed to

~er coal This, resalculated, gives 0.2% Fe &8s _ferrous sulfate,
' % as the Bave* mass or & total addition of C.6% Fe. The
C.3% sulfigran 1is approxiLately equivalent to the .iron--of the
iron sulfate. Thess amounts of catalyst for soft coal are

"T;appreciab7y belcw those calculated for brown coal. The amount of

iron sulfate was Treduced presumably because the additional aryrng

-‘"“equ¢rements’6? the water added with the sulfate to the coal

made such reducticn.ddvizable., Dr.-Pér¥leirn and Dr. Becker could
add no furthé? information on the addédition of iron.cztalysts to
soft coali. T - . ‘ ' § ' :

- -

- -~ —signEture tliegible ~

“ .

W.. M, St@w ba_g
11/5/46
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”hc'ﬁ;tgr;&i ﬁn;f»j,: Qué* L3 Bie so -callad n*drogsnatiaﬂ vluvg
ting of 80% _,f- 1 s Tricles. and 20% of powdsred a3h
,wtaivs? T

_ ‘.he ma*er*&lﬁfi‘Flt‘*V??C' v»av“au,' T? ;s: Wansmit?ed_sfq;;~;ii
s zarough ais 3 X > nzers in’ 4&; 2 it is. prehsased
Av§ﬁ‘f:ots of : zolumn; than through =
odlar Tupnace 7 and maae Lo entgr the
lacion” colr 2 above about: 550 3%
Hg “usinz a donstant.levali—
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s keptTaEL —evout 50 mm nggu
Tactidne, up tc 350° aaéd
to'zbu aw Hg presavt }~+ Some of tE
& soticm of the vacvum still gna
_— o the- ocﬁput is pumped *Lr
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ey : L T _ Schwarzheide, 2
. AINOTE OF KOPPERS GAS PRODUCER

Pl

1.gasification. — — = 1 . S

'*’Rg{fﬁowﬁered cos

- to gasify powdergdhcoalfiﬁfthe*producer;rurnished“by“u;. "The = -
' .- producer has operated for three weeks with e . throughput of about .
T 07 .17 te coke, of which & - 7 te waéfpovggred,stntroducedTiﬁrlayers;»
.. -~ The producer was operating with no need to poke the fire and with .
~ .7 'no flames at the edge. The heating value of the gas is 1220-1230
s hgg:'units. A second steam inlet has been introduced above the :
oo grete, - - e ~ : : L — -

" Obermeister Gebhard of Brabag hss made test.for a long 11“9_‘-;,."

,’:vFbé;fwbgnérffsfvéryfméch~iﬁtéraéte@{in_tﬁese¥Q1periﬁents‘$eF“
cause of the great saving . possible i1f all producers operate in

17 3 R

-

.. ve are 1nteféstediid—this_iﬁprovement;"and,iﬁ:;aﬁiaise;prot:_%
- ¥&e~-per for us to-get in touch with Mr. Gebhard. - —

7 /s/ Hberle

fﬁ4?VfM."Stérnberg;
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7 77 DISCUSSION OF KOPPERS GAS PRODUCERS

e
.
—_—— ———m -

‘1. Production of Fuel Ges.' T - . i 7 o 7

g —Mr. Kaden has stated about fuel gas production, that 1t had :
been decided to introduce ho changes in the Schmalfeldt installation
because any chenges decided upon will merely de compromises; the gas
producers must be designed for powdered fuel gasification. Ve have

-.accordingly been asked to submit bids for “a usual design. - .-

“An“"engineer's report will then be handed -us on the deSign“or’ihis_

installation. No approval by:- the Government is here required, as-

has been - found in-& discussion with Director Altpeter. i ‘
E ‘A—-gas of high heating value 1is needed for the heating of the -
Cowper unit, a 3 be-made to_ rate the S LMY

88 originally intended, 1 e.; by gasifying powdered grude with a .
mixture of rinsing gas and steam.. Getting a gas with s heating valuwe —-

~of about- 2000 heat units is expected, and it is .to be used as. a fuel -

B ,;Lha;ganch_ajibhiﬁguctiba~wdu}d~befggzemp%%ng;no¥vorth;t—

Sy Seidie 3

o Ve advised |
while objective, and that-

"7 " 1). Such a gas would -consume much more heat than it would

o 2) earbon. will .be dut partizally gasified; but this did not
interfere with the program of -these gentlemen. This experiment will
have to be run at all costs, Hovever, we aiready are in position -
- today to forecast the results on the strength of our experience. e,
- We can and shall prove in our Rheinpr en installation to the
—gentlemen involved the impossibilit —methodr————————

= Schmalfeldt in Litzkendorf is the originator of these tests. .
-The fact, that. the producer is fed with the Litzkenford brown coal,

- _&and that the.solild carbon is there- utterly unsttacked, 1= ke :

- ‘Pletely out of comsideration. The Scherlfeldt installation is .
nothing more than a distillation ané craeeking unit. -Solid carbon

is carried out practically unattacked into the dump. n Ruhiand :
powdered grude i.e. a product -dumped.in Litszkendorf-is to de sub.
~ Stituted for powdered -dbrown- coal —These argurents can not be -
-seriously contradicted, and it was decided to have the practicel’
tests run regardless-of the results, and the statement modiffed by
saying that- P | ~will —used--for-gas production, but -
forming the-fuel gasi - - : — e s




Cpasia -

- It~pays therefore tc discuss the whole question, because ve would
prefer to.build a-mormsl urit of -our system, instead of rebuilding
the Schmalfelat 1nstallation "“‘:,, - - , »

- We. shall accordingly expect a reqnest for that kind‘ofLan
1nstallation. e S . N L

e R ,\

42): Production of Syuthesis Gas._ ' 5_ -

—==". Brabag has received tha commission to dasign.a 1?:T.sc:he:'- o

"*Tropsch“tustaiiattan . r -

T f- Rgg mgter1a1~"L' : ‘Upper iiesian soft coal 1ncluﬁing grude’*—~->:

coke

. —_—
R 2

”Q,capacityzhour f A~~; 7100, 000 m3‘c0~4 Hg (8 ,000. hours/year)

co : Hy L B

~ -

: - . The- gas 18 to be used for intermediate preaaure synthesis
' with 1ron catalyst;  very likely to produce Katsch (?). "The latter

Y. -4is an essumption based on-the very great interest taken 1n. this -

Installation~by Dr. Keppler, whoae special field ve knoﬁ to be the
production of edtble fats. . , _ '

‘ - The gentlamen_at the . Ingeuieurtechnischen Zentrale are rully
“rcouversant with our process as a result of discussions carried out
for the Zeitz addition, and vwe need not- include-here meny detail,
We_have on .cur.part stated, that no special requirements need be made’
wvith re ard to the coal. The coal must be readily ground, i.e., -
.;abt. 75% must pass through 4900 mesh (= 175 mesh, U.S.).- The re- . -
‘- quired gas composition with this ratioc of CO +- HQ has been repreatedly
_obtained in our Rheinpreussen pilot plant. The Gas Company has made 7

»-complementary tests on condensable hsd?Sbarhons as well-as: on the . -
sulfur content. This experience has enabled us to give accurate = -

7-linfogmation;ea~¥hichr%eébase—aabaequen%—destgn—snd~to-czatm—the——f—-‘

- :abilizy toAproduce ga a_gz_zhg_tg11Qging,qna11ty-

" Raw_Powdégpd.Coal- . Vater T 1.95¢ =
C e — . L ) . ) Ash - ,’ 8‘755....

o o : e vM S a
iwg;;_;_'- .- - Pixed Carb 7T
T 3 7

71:GHeat




Composition of the gas: N ‘ 002
: . . _.a— Co.

S e §22 -

’ ;o . = oA - X .
- hER «

| C‘oncenté“é;tiorf of CO .+ Ho

Minimum heating value perrnmé;Sy;Lﬁas

- Amount of gas - per kg raw powd. ﬁoéi”

02 ‘eonstmption: - . per kg raw powd. coal
T ' o . per ’ syath. gas

CO0p consumption | - .Jper—kg rav povd coal

undergrate -firing . o = ’ -

Steam production 16 atm, - - o
500 c " 0w LA

13} NI R (A e (<]

Steam consumpt 3 atm, sat. " o Wur_<;1“”';5

: This represents our normaI‘construction., However ‘the heater S
‘unit 1s too large, and ve ordinarily use--one ‘heater. for twve gasifiers
and coolsrs as wvell as desintegrators. “~Such-a unit wonld produce
20,000 m”. of & gas of .the sbove character, - _

. The discussion of the number of aggregates to be ordered has__ -
assumed great latitude.  We hmve agreed ‘that a total of six aggre-
gates should be buxit one of which is toebe used as reserve and for

_emergency. The price guoted -was 2.7 mill. RM per aggregate.
means 16.2 mill, for the siX sggregates. - The “cost of gas given by
us is lLI,Pfg, based on the following. ‘ : ',;7
1 te_ground powde”ed coal at the bin - RM_ 1# 00
1 nm3 95% oxygen - RS i ] , 0. 025
8-hour labor. shtft o - ’“:Ag R 10_00-

kgh powver 5 0.02
m3 clarified and cooled circulating vater R 0.025°
make-up water~ - ) . ST 0.025 -
boiler water . . . Sl e B < N 25~~~w- e
10" kecal heat gas - I e ' st 15
1 te-steam; 6 atm. ... ... . - T 3.00
1 t stean, 3 atm e I 1‘50 :

"‘Amortization snd. int terest

,._‘42%

- e The Ingenieurtechnzsche zantrale is—in position—to—st&r%—o&
the preliminary designs. We have been asked to present a: written -

- 'pid in,greateatwﬁeiail ‘and if possible to supplement it a8t least
" with data on coal prepaﬂation and: water treatmeni  (the data on which

—are 8180 &s3ked to gilve
information ‘on the sulfﬁr‘content and“the eomposition of the sulrur :

". compounds in the gas, based on tests made at—Rheinpreussen

e /s/\Sect 1/0.8. - —
Z' ‘stgnsture‘unﬁecipherabzs)’
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. Discussions on the adove éu'}ect have taken place in Bdh?en .
on April & and 9, 1843, Ths 0“*t-c:3ants &1CL uded represent tives_
of Rrabaé Ednlen, Brabag;Zeitz ernd the Xoppers Cc¢psn» i

N o huarzn 18z was QI cussed on p; 11 T an é the scussioas r¢-
_;ﬁ_;_L.Ppor»ed 1n a sekar ate rep crt. - N T :

?he consi&era ion.é;_z.c Kauhykvcrce~;unL¥,aM#Schxarzhc ce
was to be poetpﬁned 1n.acchrdunce vith Speer's decisicn nst. Lo,eﬁa*
any-construction vork whnich could aut'“e put in operaticn pr to

~ the end cf 12 ‘Cpportunlty hes krc<en~rd i ‘self, however, t_ o

~ —— thoro: ghly discuss the tamih cues»10n~. L

- S

SS—— e e-seémourﬂdtscutsiens—en—a—geze&ri r%4u;$“cﬁvoef_and_vxxgen
- requirements of our procéess with the cosl and oxygen reguirements.

of -the Vinkler process and used this comps rison in “the decision on ..

f:economy'of our process fn co &risonw o vhat—o$ the winLlew Iroceyk.

- 1=ur*ng these dicussions D . ¥ott ‘urn¢upea us in confldence .
for comparison with our figures the coerating results of the Winkler
© process during the gasificatlongof brown ccel dust fron 2is report
to the”managcment of Brabeg. It . :must ve emphasized here, that in
's0 far as the Winkler process is conceraed, the counpari son is oniy -
_-of theoretical interest, becauee~nb—*5wﬁercﬁfbrvvn*craﬁ-can ‘e zasil-
—=—— fled - in—the—%inkler~arodueer ‘becauseof-the-low gau<fﬂcatLoawtenp;~ww.
peratures necessitated by the Process., - - A

- “Mr.: Mot “suggested nevew tne Iess to rase the compar*son~on :
powdered trown coal gasif*cazlon beceuse this was the only fuel for.
‘which we hadvoperating data by our process. Ve have givén in the. .

.x—te—vhis—repor%r%%e—eper&tiag—eesvs—sﬂ—%ae—rax_geuéepeé—e~»
ton_£rom Dr. Mott's repor Accordinéhto them the prcduction
“am? of CO + Hp ere, -

'for the W nkler process o é.ll'Pfé‘

for ‘the Koppers ,rcceﬂs oo . 1.82 v"

Lo T e -aving by cur_pzocess_ﬁl$ amounn_zhezgfgre to 0.29 Pfg
-~ per-am”—of CO + Hs, vhich wiil ficure;~on~the~strengtb of the -~ . _

deily production of 616,0C0. nm> €O ~vng to-2 daiTy saving of RN'7870
%Lkand a yearly savings of" RN €82,000.

, Dr 'Mnst-poin;s_gutJJLgum_ﬁayoag that there ere, in eddition
“to the greater econony of production of the Koppers process, also
the fo’lov;gg dxantages *p the use. of;t;e gas‘ :




Lz

-?racess ’s 25%,. age

1) -"he Co ¥ Hg concentration in the Xoprers inst _
72.5% ©¥ the Yinkler prOﬂess *equlr_ﬁﬂ 'ower'comorcs Zon-¢coets in

the pre,ara icn of tne gas.

2) The Kprers -nstallation kfonuces vae rée from hyc”ocarcoﬁs,
vhile the ¥Winkler gas contalins I —-.§o<me thane, vwhich results
consideratle savings by using our ges in HVdvagenat#on in tewms o*_
anrogen consump tion per te of hydroocnation drodacz e

e

e

, -Dr._MOEV —gaid in his camiarv LFau“fbornop?eff— rocoos 1s" suxn er*or
in sconomy and. echvica.lﬂ to a_l the other. knskn_povde“ec coal 6a=“”
producers, -

N -

Turing tne d1scasslon on £pril S, br ¥illie and PipT, Ing.
Lackner stated first, that th’ZGALZ ccnetvuct*on vas el ng_declded
-upon, end nothingz. dof infte—aoout 1t could be said for two weeks; .
while permission was being souoht'?or it in view. of the fact” Ehal.
2C million Reichsmark. have a readv teen spent Ior tre Zeitz plant,
Dr, Willie exphasized however, th ey uhen.the ccn,uructlon werk in

Zeitz is resumeRd,

our syrstem

w11

Ee

used,

anc one

un:zt

wiil 2%

the four agwwecayes

first be ?nstaTIed ca,able 0¢

be#ng ‘enlarged toc

“as desgigned by us.

our prgce s for the

{

ze emp che
OQQCu

&

ilopoesi

-A_.._.

ized
*on of.

thie extreme
water gas

in

imp

ot

\'ﬁ bag, ..
ty of doing so in ~chmarzre"de b0fa1¢e o%,Jﬁe absence ,“ere'“'

ance @f tcs

nﬁ

of an axggen<dn¢t.

L

uhe'brosocc,;»
cne producer aggregate of

for a powdered ¢coal
ecapaclt

x:'s
[
-.

te Rave - Qubm*t ed -our bid
gasmf;cat*on unit at Zeitz vwith

T

4
A

‘corvcvnondinw‘to cne Co"-er anit; ?ﬂr a price of-RE 1,%80C,; O“C

Dr— Willie is cof. tﬁe—ep nion that the pre;*m_narv construction
of a smalil Cowper_ unit can not be avo“ded and suggests breaking dovwn -
the fiour aggregates provided for the arge Cowper group into aggre-

gates for two smeller Cowrer grouss, to nhave the instal Ilation chsist;
-of..two gasif: er a grega$es with a8 canacﬂty corresponding to-the -
_Cowper_unit, this way, 2 single aggrega®e would be built for the
Cowper group, which wiIT be tested, end IT advroved, -a*sﬁconﬁ—aggre-—-——-

gate put in, and if needed a . secund ‘Cowper group added with two

progucer aggregatps

a Drice~bid

He requests tha* t

made.

3 =
J.

T?con.omy was d*scussed next - w;tbhut reference to Dr. Motu s‘ o
that -

yrog_sit onmbe test ed anﬁ

confidentisl information. It has been stated by the gentlemen,
——ij*—ft~wouid—be“drff —the

__ViInkler process; ‘becausé“?é—hgafi*mﬂtéﬁ““d?E@*ves—tbﬁepergtfug éata—“i”*f“*
on- oowaered"brown coal. gasif¢cat¢on, wvhich can not be gasified in &
A correﬂt corparigononly. becomes possible alfter

_Winkler: producer. v
Lockner

we give operating data on ifhe. gasLﬂ‘cation of grude coke. --Dr.

AT

haS“given the apnrox1mate compo¢1t*3n ST grude 6623 as.;

b




B ; e T —T,_‘ s \\f’/‘f’", T LLLE I o ?4'
" 3 T ' - T-152
T Vater, about 3% R - ‘
S S . Ash,  _ 20 . . T
_ o e . n 23 . ‘_
. ‘ o H T2 _
— .- : “A 0 +#N + 8" & o ‘ i v
. Dr. Lackner called” attention to the fadt, that in the Vinkler
= proces ~about 250 g multiclone coal dust with 508 C 13 collected — o
- per nm” of gas. The heating value of the dust is 4200 kecal per } ST
‘and 1t can be used as boller fuel, and must therefore be evaiuat : T
’ RM 5. - per te. 1n the eoonomic balance. Mf «
- . We have also been requested to prepare a design &nd bids ror '
. an installation for one producer aggregate,-composed-of tvo;aggregstes e
“o# T'with tvo aggregates per Cowper group, and—to give operating data - ,-}* =
for gasification of powdered grude in this installation in Zeitz. _ _
~Br—~Mottfgave~us—~i—n—conf&dence—the~oper&tfng—&s—ta—of—!-‘*nk%er—~—w —
- Producer operating on powdered grude., _ _ o )
. ‘nThe composition of the powdered grude 13- g g
e Vaeter .. 2.090% - i e
- ._ - '.- - ASh — T . R -~ 2#.68%
. C. .. . 69.63% - —
- ~H - 20528 -
= O NS 108E o
L (I have only snbsequentég‘foﬁno,that*the1sum'of 0 fgn + 8 K
B cogld not actually add up 1.08%).. o : * «
i e s S "
o | Composition of the gas-.'“_-“?f e T e =
SR (- W7 S .- N B T |
' o - - co o - 28.81 S > T
——— —  Hp ~ B B : — —
o e e 'Cﬁ# o a5 - - -
, .o - B o . 0.5% . S -
o o Hgs - -0.59 -
-~ AM1n1mum heating value N 2152 keal/om> i
- Grude oonsumption/hm3 gasri ~ 0‘561'k§‘;7'f e T R
. C ylela = .~ -68.58% - -
P ﬁoExziciency of gasiricationiiilss 05%- — | —
- Oxygen consumption f"ﬁ-jo“—‘~0 237 nm3/h£3vof rav gas - -
5 " Staam_consnmptionww_;~‘;;.wr» 0 608 kg/ L f '7~? . ”w - —
.é,_ o : Ash pré&uced '_ i 12 1 kg/hm3 raw’ gas,'contains-5& 1% C N
e ldulti-olong\,dt;st D 180-200 g per nm3 gas, " 43,1 "




Heating_va.lué,, o ' 4041 kca.l/kg |
‘Steam production 0. 622 kg/hm3 raw gas {_ -
| PoVer conaumption . - 28, u kwh/looo nm3, rav gas

 “water conaumption (eirculating -
- cooling water) . .17 1itera/hm3 rav gas

" Ve must count om RM 1. Sn/birlion kecal as. opera%ing—cost withfkié—
d‘tside gas. This is the: gff- gas to be furnished us from the .

heating of the Cowpers._' : o 7 R

- In concluslon of our discussion, Dr. Mdﬁf has.given us an f ;_
opportunity ;o vieit the w1nkler_plant. : _'

' Thero are three producers in Bbhlen with a8 theoretical capacity
“of 30,000 m> of rav water gas., The unit ean not, hovgver, be used .
to capacity and is:-usually. operated only to 25,000 capacity. The
impression created by the examination of the plant was very good S
- Anyway it is clear why,the Winkler installation costs but one haif =~ -
--the cost of ours per > water gas. One may remark the fblIoving

- Thevoxygen-eteam mixture 1s supplied. underneath the stationary :
grate set up of different plecses, A rotating stirrer revolves at-a -
- re vely high speed (abt. 2 rpm) above -the grate. -The-fuel is s

supptted~by two worm drives-to the outside-of the lining of -the—shaft.
There 1is therefore—no mechanical distribution of the powdered fuel -
in the shaft proper. The fuel is. introduced about 700 mm above the ~ -
grate. The 'sécondary oxygen, vith some steam is introduced about
500 mz above the fuel supply. (The steam is usad for cooling of the
tuyeres). The temperature in the fuel ‘bed underneath the secondary . =~
- - peraturefts—carefuily-main-~“
talned, as slag formsatiocn is otherwise likxely to occur. The. tempera-
_ _ture in the cupola of “the gasifier i.e. above the 1nlet of the
~ secondary oxygen, is around 900°, aud the. water gas produced leaves
the producer at that temperature. ‘The ash formed is forced by the
‘stirrers into two chutes located between the grate and the casing

ieﬁ*cut*frcm*these*drbpptng‘thutes——ﬁ?*tvb“vbnm
_ ., couveyors located at the opposite sides,.and 1is carried out into the
' dump rsom wvhich it 1s removed periodically in cars at a temperature.
. _____of 800%. This ash does 'not burn in the car, in spite of the S50% C
] 8 A contains._ The grain size :0f the ash 1s arouﬂa‘ 2-mm,—a'un“ra;ther~

unirorm : : B : -

1 - The water gas produced enters a‘aouble pass vertical tﬁbular .
;i_ﬂ._iwpg;;gn_from above, goes downwards, enters through avpartition wall

8 iato the second pass, leaves it sbove at a temperature of #00°,
:f—i_m_ugnters ‘thie steam auperheater and rinally the heat exchanger. . o —H
; Dust collecting bins are placed underneath the boiler and the heat - : a

exngﬁ n_frgm~wh1chfthstdnstfis‘withﬁrawu:a_zamperaiuze:o2_350?utom“apf_Aw*~_.
300/ C From the heat exchanger the gas enters. the multiclone .dust B |




separ&tor. 80%~or”the dust*still remaintng in the gas 1s”separated

___nere. The temperature in the multiclone is around 250°. Proum. the
“multiclone the -gas enters a gasholder with hydraulic- st seal ~and- from
there through & collector main for all three producers into the. rinal
cooler with wooden baffles, where the gas is cooled to about 30 c.
The gas is finally_purified.in Theisen scrubbers. —

e LT o

The pressures in the ‘unit ere as tollows-"”' | ’
- Underneath the prodiicer grate. - 2000 to 3000 mm- vater coiumn,
Ei'tﬁﬁ“prbducer shaft -_about~1500~mm water column e S

‘.z'.

- - The loas 1n\presanre 1n the aubaequent tre&tment 18 around
500 mm,  in the collector mainignp_pressure 18 reduced by further _ ,
..~ 200 mm, in the final cooling.- 30 nm, &nd the gas pressure 4n front - -
—-of “the desintegrator (sic) 1s about éoo mm, {.e. the unit operates"
-with no blowera Sgeu»the desintegrator directly rrom the water gas-
holder. - - ) o

- ‘The fuel is blowna withgfarbon dtoxide‘to the operating bins -
of the producers. The oper tirng bins of each producer hold 200 te -
3fﬁae. Attention is paid to the contents of fines in the grude,

- by having it contain the least possible amount of sizes under 0.5

, um,-- which. do not gasify and are carried over by the gas iato the

-.. ~rest of the equipment.. The dust content-or the gas varies between
© 200 and 300 , depending on the dust countent of the “fuel., 80% .

-of this dust, with a C content .of 50% is used as fuel in the boller
1natallation. The dbalance goes into the.washwater of the final
cooler and into the desintegzator. :

The construcfion of thz producer 18 verywcompact withou e

. ma¥Xing supervision difficult, 1.s. with a relatively large gasifica-
tion capacity per unit area. . The shut-off and coatrol equipment. -
fg: ;%1 tha_xhree units are hHoused in a common poom about 5 m above o
t oor. . : _ _ B

: The ‘service: or the 1nstallation, aside rrom the dust and ash
removal, is limited to the supervision of control and- ‘measuring -
inatrumanza. As soon as the instruments indicate irregularities in
the fuel, oxygen, or steam supply, the producer 1= disconnected
“from- the producer gas uwain and a blow-o’f ‘valve copened until the
difficulty is overcome., The amount of labcr for the.. vhole. installa-

.——ﬁ—__tion;ia_ezxnanzdinazilxwﬁma11 : S :

\ : =
- - It mnst‘be-admitted;:that the—process~ana thc construczion,af__‘m~j7na»
. the installation represent & real accomplishment . R

— We later vent on-a-trip with Dr. Mott- ‘trrough & dunnation‘_
1ustaitatton—erec%ed-br &avBéhlen and‘zhnoughwthe:Linde~R:§nkal__




o L e _ -?152"
air separatlion plaat.,  The ’auter, ﬁh*ch supprl es oxygen onLv fqr'
the ¥Winkler &asta112t¢ca, occupies practiéally the <ave-crqund.,
space, as thke Winkler 1nstal~ation

. One may Judge from the ‘size
~of the eguipment &ad wachines, that & §SE

,_N oXyzern must cost at
least 3 Pfg/an’

_",”?hénwthe_price of -powe r is 1.5 ofe/twh. —— -

SectLQn g/des '15

-

/s/”ndeclpberab’




TOxi Reel 43 U, S. Bureau of wines '7”".;T—153
-Frames 2252226 . 'Hyd399h9992917€}§35_952°; -

. Lasen, Aprll 15 1942.

COST COMPARISON OF “THE WINKLER AND THE KOPPERS "’v',"
POWDERED COAL GASIFICATION PROCESSES. ~ - — =~

(Per nm? of raw water gaso)

S Construction coats, Ior théﬂproduction of 645,000 nm° r1 
“(G0.+ Hp) in 24 hours, corresponding ¥o 766—000—nm3~water gas
-from KOppera producer, and 840,000 nm' water gas rrom w1ﬁkler°g

Koppers ‘instaXlation, inclo ‘reserve Cowper '”_f RM 5 300 000
Winkler installation . - .~ 'f' 3 000,000

‘ Ko or In lat ons:

1. Amzrtization and 1nterest,*15% ﬂi_mv,W:l,gig;0-2§70/dﬁ§,

2. 0.18 nm§ oxygen @, pfg 3.1 L ‘}' P ’*tg‘>‘0.4960 “

;5;; 0. 539 kg coal, Ri 9.-/t6 ~o‘477§',l;
| 24 man-hpur 1abor, a day @ BM‘Z -/hr 1ncl.

o, 0560~'?' |
0180*__-_,__ I

0.035 kwh power,,1°5 prg T - . ;“,_nn 0. 0525

20 11. circulating water, @ pfg 2. o/h R 0 -0400 ?;

0.563 11, feed water, @ prg 20, o/m° . T T 0.0308 %
| 650 koal outside heat, ¢ RM 1.-/1 milllion H,Uo., 0,0850 Y

AR T T

2.5% cost or repairs, referred to conﬂ%ruc on— = ———
cosls LT L S 00477

L .- . L —

LW

.fi~—;iw,;- . Total — 7 - -*%75“§€r75497f““3-~w

. pre. 1,sa/nm§ CO -+ Hp




e

. - .
[ T
R v | S

e Prg ',6,147o/nm5'

o 237 nm® oxygen, & pfg 3.1 :'». I Y _0.7350 %

10.561 kg coal, & Ri 9.-/te - o« 5050 "
‘"18'man-hour labor a &ay, @ Rm.z.-/hr, 1ncl superw 0.0343 4.

0 628 kwn-power, @pfg l 5 N | - 0 0420/nm5_

17 lilwclrculatlon*wajer,_@4p£g_2@0[mv:~ - _v__ovos4ov LR

0. 622 11. feed water, @ pfgh‘\_o/m - 0125 0

3% repair coats Qn construct:.on oosts - . O 0294’"‘

vooLo

: _jmnal ‘productlon costs i; 5§92/nm3'1
= 2,11 Pfg/nm G*cof;~g§ S

B We have been told in the discussion with ur. wott that &
comparison of operating costs by the Koppers and Winklex procesaea
had. only theoretical significance,. because the brown coal .
gaslficatlion is predicated for both processea, although it is -

. —impossible to run-a winkler generator with 1t. For this reason,
~Dr., wmott; when complligg data for the winkler generator and —
' qeriving. the cost per water gas o per m® CO + H, based them -
on grude coke utilization, while the Koppers data were compiled
on the basis of use of brown ccal fines. , The cost of the raw

- .ma terlal,  whether powdered brcwn coal or grude coke was get the
game in the computations, or RE 9. —_/t‘OJ T =

~ —_—

" The comparison irtherefwnc%only thenxze:ica.lly A=
) accurate, but actuslly wrong, be:.ng ba.aed on- dirrerant fuels.. L
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OPERATION COSTS IN THE s*zxmsra GAB——?—-— S
'~ PRODUCTION ZN m::npm.usam o -

S The operat:.ng ooete ‘were computed “on-the strenath of the S
_hea.ixlow_aheetnt_xhe :Treibstoffwerk Rheinpreussen: of 7=6-42 i ’
&né. the - eomputations mad.e from it by mr,. chﬁrhoﬁl-on 7-3.3-42
: 1 contrguta.tion of Operat:.on o ts o;’ a wa.ter sss 1netalla n
e 10 producere .of 6000 1y oapacity = 60,_000
s bwater gas/hour, or l 440 , 000. n vater gas/ﬁay |

‘ = 1000 te, @ Ru 20.- ’ o
75 labor smrts, @ RM 12,- -
w-— 36,000 kvhemo.oe ~
100G - »
Girculat.tng wster— L 3
2t = 25,000 ‘o e RM 0.02
O .

| . Mﬂmis.zlgfé -—of oirc
~. 2,600 ®° @ Ru 0,02
' Fn&*ther—irseo—na—ﬂ R 0,20

Steam,'aatm.l'?oouem:.ao

Amort:.zat:.on, mterest—a.nd ma.:.ntenance
_1124.5-17501&1&150,000 .

g Steam, 16 am’ 1;%0 “. '~ ) @ RM 30- - ‘.320 —‘ o
',__,,é' stea.m,Sam, 3251:9, .f‘;ﬁ__eanz.so: 487 | v
R N "_r Total reeeipts ‘per m - Rm, 4.—307.- T

Opera.tlng costs, incl. capital. servioa
and—maintenance —=

SR R




5_ g R _ -
Operattng co’ta/nn water ga.c

dgpgratlng oosts/nms co } Hz éﬁm - 2.075 Pfg

e Rhu.npreuasen uses Rht 1'7.50 a8 the pr:l.ce pcr to of cdke. f‘rhis -

. reducen the operati.ng cests. per da.y to Ru 25,525,~ or

per nm’ water gas %o Ptg io 635 a.nd C s -
per- m"’ co. + Hg ‘®tg 1.875' N

—_ - - ~

P S 98 h.sumat.ton of Operat.tna oosta of-a gaa éutzou plant ::ox-
nnes with & producer units of 12,000, hourly_capacity
= 60,000 nm watezf“ga.s pe:' hour, orﬂ. «nﬂa—wator~ -

_ gas per day. -

e . dayi S =

1‘,% " .m 833 ta. T

o::ygen 1, »000 x. 0 1'?
~245,000 mgw

61 labor da.ya,

‘;i’za,oop‘fiias . o.oﬂz’w‘.

6. Make-up water; 10% of c;u-c watere o.oa

_7. Feed water, 650 =& - e o 20»_ -

| '.—.—l—zaaea.—gas,ﬂss,— —~1Q_k9_a.1 C - 6 4.80
rﬁ' ) 8 E'Bam’ . 5 a um’ 5 i a E s A :

Amrtiution, znterest and. e
‘maintenance, 12 +_2$ 3:47: on

__Ri 9,000,000

T '!‘6'6.9.1 expenso, par*da:




. ] A(Nof om:.od fx'om ?5.1) 22,095... o
. Steam, 16 atm, 625:te = G RM Bee -

Opera:t:.ng—coats. :anlud.. oap:,ta.l aervices and '
ma.intena.nce. ~ SRR

S Opargtingwosts par nm5 wate:v sas %&a&% - Ptg 1 405

: ,.'Oporat:.ns oosts per nm co + Eiz J,_._ggg_ Ptg 1.69

- _III. Eat mte of Operaung coats of & sas rctormins plant ro:'
- 10,000 x'm3 coke oven gas = 16,000 nm® roromd gaa per hbur =

-356,000 S reforaed gas per da:—— R

53.._ Coke oven. gas, zw,ooo am®
2. Fuol saa, 232 x 105 xoal
s -

o ‘4-“"‘

000‘ —
ua.ko-up water o 105 of circ. water e

steam. atm I75 to o '_ Co @'ﬁ .

Amortization mteresf and m.tnt- _ R
onanee iz~ * ﬁ‘ on. 2,ooo,ooo— o e

Operanng costs, moludzng cap;tal sm&oos
_ . and na:.ntena.noe

Operaung_c_cmta per mn rerormed aa.s, %‘% - Ptg. 1.89 i

]

OPOP&tﬁ.ng costs per nm3“60 'F 52 Igﬂ %T “~IQ° L 4~1;9_8_‘ . 




T"15‘—~ —em

e 1npnussen figurea the pz-:.oo of coke oven ga:a o‘f 1.3 Prg
per mn _corresponding to 0.636 PLfg ;ger IOOQ kca.l S
" Bhould this valus be used-in the estimate Of operaung |
- costa, for ooke oven gas or fuel gas, the operating costs per . :
"~ day, including capital saruces and m.tntenanoo wur a’mount» S

to Bﬂ 5 308:::.. e ) —= . L ;-«-_ ‘;_. N

R - =or,- pex' mn" of rorormed gas m_am = 1.575,

385 500 PIg.

perm oree Hz

'rhe Oporauns ooste 1n the above computatlons wero :
detemined with the mcluaion ot oa.pztal sorvi.cea and naJ.ntena.nce,
and. nre. _ ‘
= per naod water gas rrom coko : L e
o ’_’ per nm® water gas rrompwderedcgal R e
. per nmo- reforwed -ooks. oven gas. — .

o sezqg gro g:.ven -the costs——or mﬂhns:s aaa obtainea by o
. mixing of water gas obtained from coks or tz-om powdored coal wi_th
- the' reromd gas rrour cokrnvon‘gar“ o _

T OA)e : 4 3 338> Zas ; s L |

ST 65% water gas + 365 retomd ga.s\- 100% synthesis’ saa

| z* T 59% o 8.12% 6.50%

o o o 0. 17 ' N R o '_ o °15 '
e — c B
) . . 4.88 _ 7,60 ; | o
| m.th a coke pr:. t BM 20.- per te and a coke oven gag == -

- prioa of Pfs 1.7 per the coat of wwn_gmeﬂm ‘.

- 0 65 x L. 81 4‘ 0035 X 1c69 P:B 107@ mr ms
o ;z g z.oﬁ&“por“nns GO‘“-} %

_ a ‘dith prioo of Ry 17:50/%e and a coke oven gas wr&oc
. or L{s._l_. ®, the cost o ozm_nmmmmm

- g ——

0.66'x 1.685 . o.;ss x :..375 - érg. :..57;3/@
'\__., lo .




B}~ syn:hes.ta gas- rm powdere& b:.tum:.noua ooalrﬁm e

'Zoﬁvater gas-kao% reromea s-:.ooﬁ 8 thcsusu
Cop 164G 5125@ nzefm,

e T 22 v e S
. 34.0 DUNTEE RS T 0 - o S 28,00 -

’ ’ 4990 o . 700?6 Co- . 56.00 —— e

- ' - ’_1-90__:'—.—_—~ g . - 0+66 o

’;N'g‘ 1"0 .80 . . 2.7

w.tth the prioo or coke oven sa.s of Pfg. 1.7 nn:’ the coet S

or ayntbns.ts gas wn.r ﬁ.gure to

— _ 0.70 x2:405 ¥ 0.30 x 1. 690“' ' ’“'“"”Ptg 1.487/ra3 ',
) '“"T_ ‘ ] o 1.'770 /nz® per mn3 604-32 ”

‘With tbe ooko ‘oven gas at Prs 1. 3/1:&3"1:119 ayntheus sac
' ﬂ.gures to o o =

0.7 x 1.405 - o.so x 1.375 = - Ptg 1.392/5-1:3 3 co+ag
o : L per nm*“

IV, Lstnnation or-lgowdare coal roduoor installati.on th_s__
deuoor unxts or ,ooo ' -capanity for B
X : v Ls_£ag with proportion o $- = 1.2, -
. axn si.s gan pe:' hous',"vr 1,440 ,000 wn3 synthuzs

Lgfo00 < Sl te e il A 7,20

2. Oxygen 1, 440,000 x 0. 16 = 250,000 nm3 @ 0.025 -5, 760,

,,_,ﬂ_;_.ﬂ_-a._Jl “man-daye - | Coa@ge ‘612,
4. Power - c

28 f .J._.‘m' '.ggg 36,000 ¥wh '; =T 6 0,08

— ‘?6,000_35 = w002

make up water —atmucul. water - . 90,02 -
- Feed water, : . @ 0.20
- 8, Fuel gas, 54’?:106koa1 8 4.80 &
9. Stean, 3 atm, 662 te : e~1.so .

i 10, Amortiza&;.on,_imregt,_mm:ename,-, -
_ 124-2:14%01181900!1,

-~4‘et&]:-e@ease per‘ da:r— —
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T WOBET TR EP CP OIL COWTA‘HI?G RES*DUES
oo , ;WM, Y?Lh ODERATLONS\ R
‘We irformed : ?~ ur 1etter*of‘uuly 13, 184%1, thet the opsrat-
g procedure sué = youw by the Brownkonle-Eznzin A.G. i3 -
rop urnkneowsn to us wve . worked for many years on the utiliza-

- tiom of cil- contain . ” such as obtainzd in the pressure
hyGrogsnetion, a: 1 4 zcme patent r‘ htg in our countiry
end abtrogd. The . G@ruan & 61,317 ¥Vi/i0e —

- £387013, has bee%'yg - ; the hydrogwnatlonvresiﬂ”e
ie mixed with _casihon materials aﬁd coked a% & low tempera-
tur2, . We believe - whered. browa or bituminouaz coal addition
te Z2ll within ow- satioms for carbonacecus materiels.

. Thiis apprication aypeei?d J&TLy that coal fiuss, grude
TP iduz, etc. d. In_three-suppleneniary anvw+catxoks-
'"5L 32, 609'?2/10& 10z 2nd J 64,386 Vi /’Oé?'*pecif*c
»?&tl?c condit n deszribad *or the above applicatioa

?v"
’Pé ;
Lol gt (D

slfr%wm

'\i} (f; "
5

o S

I‘m
¢

aw

-::n\c‘}‘y o7t f.‘;, (o ¢

‘./u,-d

I R SRR Pl FEE
p
"l

'92‘ 0w
"(i’_\fll Ny lT! by
: 'N\)\I(Y»

o

) Ye wish to Infort Fou '"follews wi th regafd go-your-otasr
‘guestionss - T S - e MR

to 1}: Cil re=idiss are: 2ci destroyed in cur experimsat aT,opera-
ic2s. Ths largsce ﬂ‘m y3'f'» £ 211 residues cobisined in our
—hydrogenstion experixmsnis-sre -verked vp-on-sh-oxpsriszzatal-sesle. -
The differeat rezidus ed in varying amounts ani of verylng

camacs;tioa in—teez r T2 2130 worked ap eﬁpe%¢ment§T1y««”"
tc 9‘; In genersl VVdrcgcxatJOQ rosiduss and ouher*esidues are
centrifuged, and ;‘f fuge resglduez are kilved, with practicall

——the regovary of =11 the cr g*ne oil. The riln residues actualLy
contein taly up Io-3% benzel sclublie constituents. The working
ur of the residucs p“ogcctec bw su&c al meanuy e.z. t¥he DRP

. 550,157; 630,965; 5?' 554; €75,957; 599,707.

—_

T WY Sternbarg
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'?/300//%%7 Comparison of CO&% and Iron Requirements Between 7% -
- Bituminous COal_Hydrogenation,and'Low Temperature -
a varbonization {L.T7.C.) followed by Hydro- o
: genation »

Plents Producing- ) ,';':‘v37 G T :.f"

:100 000 tons/hnn Aviation Gasolineg . e -
byihydrogenagion.

25,000“tona/hnn L.P.G. (11q 7
: Petrol. Gas) e S )

: end- , - , :
100 000 tons/huu’Aviation Gasoline) by L. T C fbllowed :
15,000 tons/ann L.P.G, - ~ dy hydrogenation of

912,000 ‘tons/ann Excess L.T.C. Coke)the L.7.C. ter. =




L { 2L
Page.2 -

o T.) Specific Data on L T c §Lurgi -mﬁihifngwcas Process)
T . Lurgl - (Spulgasverfahren)

e
—

. 2 e coke yiem——w'fj’f = — J? S%—

‘Tar Yield; based on coel imput. .- '10.0% -

—~-~Av~zation gasol«yield based on L T G~-tar — 6=F5 — _—'~~4-—~ - ’, e

‘;",, Fuel gaa required}kg coal feed ——5\ ;g;*ﬁa' | 200 WE
Surplus4gas/kg coal feed - "~ mo0 WE

Power coal required ror Mill t. coal~ ;ﬂ 251000 t

Coal ‘heat value/kg _ _ ,
Goke required/looo WD H o B

-

- 2.) _ggcific Data for- Sggrogeaszion of L. T c. Tar

Hg Conaumption S P ig, - ;5’ 2100 m3/t av. gasol
“Power Cosl. - . T —‘ 0.95 t/t av. gesol.
Hé reouired (basad on_hydro eoal) . 1; "_; 3200 m3/t av. gasol

Power coal tor coal hydrogenation k;, e | 1.0 t/t av gasol. o

"ﬁ“Tat&I:QEEI;Renuinamani*&a2_L*I‘Q*_Q2.29@1:55§:§i§§§3522§%22
W

__ From. -the above figures for H? requirement tar“yield and L T‘c

oke yield, we derive an in ut 380, 000 _tons .of coa
e plver éo&I”requirement EFT—C ,000 tons an&“QE;OOO“%bns

for-hydrogenation, or a combiued coal requiremeut_ror L.T.C. and -
‘hydrogenation of 1,612,000 tons. Prom these 1,612,000 tons con<
__vVerted to L.T.C. andfhydrogenattcn*ccrrespand1ugZto the coal —

fquivalent of the various final products;we-derive a coal re-
quirement of 482,000 tons for tar hwdrogenation and 1,130,000 tons .

.for surplus coke -gnd. gas, which are available -to other consumers. .

Thererore, about _total ccdl 1s.used-for avia:ion gasoline i

-surplua c, -
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*WSnbdividing,the 482, 000" tons of coal for tar hydrogenation, we get o
the . following coalwequivalents. ’ ) e

‘for tar - - T 202,00(7t

T _-;foz-a:—oge-~aaawx;é'?-@' " __17%,000 t
‘;J*" a' for power coal ..;;5 B 106,000 t

- _;_ g

~_~$ubd1v1ding the restdual coal
- we. 3et thése results, -

for aurplus coke.,; : 1 o;h 500 t o
for surplus gas , *—95 500 t. 130 000 t |
_Total 1 612 ooo t

These figures contain 26 000 tons or power coal proportionally
charged to the last two products. T =

From these residual coalgfigures,‘we get 912 000 tons surplus  l'“'7ﬂ
L T.c. coal end 592 x 107

input quantities to the L. T c. products,
*taz—~coke and surplus gas, was based*on ‘the calory content ,

ir the sum of -the calocries. equals 100 we get -the following propor-,f'
tion of the coal inpnp_ L o -

- for tar

fof coke

'“for surplus gas
S | Total - 100.0%
for tar— . 208,000 t
for L.T.C. coke = 1,213,500 t
for long distance gas- f §51560 £

1,517,000t
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- Prom the coal 'value of 1,213,500 t  for L.T.C. .coke, 179,000 t go
 into hydrogenation for H,- (coal value). The cosl value for the .
‘surplus ooke is, therefore, 1,034,500 t. - S e

~SInee 1I,000 t pover coal from L.T.C. are contained in hydrogena-
.- tion,—these were subtracted proportiocnally from tar and coke and = .
”gddg¢”to the power coal. A T L ' B oA

- 4;)';§Z§nogcnatich~offﬁifdﬁigods%edaij—;_f?i:“Q“f;v:"‘” —

————Prger-t Highe oke—vield cuIpares—uvo—tie .‘;<:=g on—of ‘
~_March- 24, i C. coal 1s reduced from 320,000 t to 306,000 t, - -
-while -the tar yield is increased fr:g‘29,000~t to 30,6900 t, so that

~ ' the H, is reduced from 300 milllon m” to 297 million m>, The coke
.- ..1s proportionally reduced from 225,000 to 222,000 t. Thé heat sonR- -

‘ _ tained in thg surplus gas, with a specific value of 200 WVE/kg coal,

-=-122,2 x 107 WE., -The power coal rédguirement for the small L.T.C,
... was at first calculated proportionally, but, because of the smaller B
_‘plant, wvas increased from 7,700 t to 10,000 t. This results inam
increase in the total power coal requirement for hydrogenation o
o 110,000 t, and the bituminous coal requirement is reduced to
584,000 t. Subdividing the cosl in proportion to. the calorifie

. value results in the following values - . L

__ for fuel’ 554,000 t (h4k,000 for av.gasol.)

: - s = {110;000-for fusl pas )
for surplus gas R 30,000;;.v-'. T o

e T Potal ' 5844000 .

5.) ZIronm Requirement = - o o o

_~ _The irom requirement for tar hydrogeénition was indéreased- to
60,000 t, while that for ecoal hydrogenation remsined unchanged
. at 100,000 t. The ralilroad installations were eliminated im = = ..
. both cases. The iron reguirement for the complete Lurgi rinsing . -
—gas—L-T.0.—plant~has dbesn set at 15; 00C t/million t of coal thruput — —
in combined agreement with the Mineralslbeaugesellscheft amd Dr. - ..

Qetken. Consequently, 22,200 t of iron are required for the large

. TLiT.C. plagt and 4,600 t-for the small plant, wherein 50% of the. .

-~ — Proportionali-requirement vas-added to the latter. To this must be .=
. T added 4200 t of iron for the power plant for tke large L.F.C.o .

“Plant and 900 t for the smaller. . S ST .
- As far as the iron reguirement ir minimg is-concerned, it wvas

. —sssumed that the combined L.7.C. and hydrogenmntion would requive .

- _ Qnly 30% of the total coal, while the remaining 70% are evailsble = . .. ]
" for general use, for_which this quantity 1s required, regardless = - |

e . o —mees e e Tyl TR
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- ef whet&er 1£ is useé-directly o in binuminous*coal hyﬁrogena*ion
as & coal conversion process. - 0n the other hand, bituminous coal -
hydrogenation is & rnew consumer, wio must also be supplied with coal .
_and who must, therzfore, be’ charged with the Iron required by the =
mines in p*oviding add*tional production factlities. A specific '
iron requirement cf 25;000.t/million -t—of- &ddiflonai-Aoai—pro————~——~—“**—
guction was &ssumed. ~ This results, in the case of-bituminous cosl -
. .- nhy€rogesnation, in 14,600 t of iron— ‘and i’ tne case of combined L
S L, T C. anad hydrogenation Iﬁ“lQ,LOO . ~ =

'"f ;jf‘»mwm»IRQ&*R?QUIREMENT‘_—- — ‘%; o V
dT1TCvu&L3muL4HKhx§aﬁxdu4xL_____________Bizum*_ﬂnal_ﬁydnoganazipn‘;;V‘!

Einiag' pﬂopo’ ny . Mininc T e = 1% 600 ¢
: - 4.2 100 € " - : L
L.T.C. . 2%, kco T oTof- whieh"'“L;T.co T — 7;5667fffi"
’ o 30%«for av, . R B
gesol.&nd Power Plant . 1,200 t

: 49242 - hydrqgenation 100,000 ¢

6660 £t - - Total - . 123,300 t
7920 ¢

‘and 708 for
f—surpiquchef

and ges

L e T - 15580 t.

s T 2940 t-

B - 18480 t
Hydrogenation 62,000 ¢

—-TPotal 1ﬁ5‘5“5 t'j*4*f*;




T T iAneral 011 Production Fer 100.000 % Iron Wt. |
S o (m hei.sht of columns corresponds to the heat content of the px-oanoto)
I . _ (mtitus ia tons) _ s
T mvum of lunnal ou rmamtzcn in t/m Coal
- « ‘Beglat T — e

. 3 _ " . lcasol ‘ :Bntano 1.) '1) tnt/ann.lronnogtnt
— T mou wionﬁ Pnpano Rthm R 2y F . L

S Bitum. Coal -~ | - IR P N B S e

‘ ‘) - L.'!.O.'ith - s S o R o

Tt -Combined Par | . 1 -
tion SR A 1 . \ N

_ | _to Aviat. GasoXl. - 1 1. 1.1 2000

I‘o!;co‘ M - . -
T Tar Desomp-= | . - '
| osition N O D

— ~ N = - - -

B D:lctulation | &r300 R
s ' o ““— e . 32700 . ~ R

SR I SRS SN S L s

: e 7::_,,“,;#__*.,___.,_‘ mlé Lo
e ) S nght Oﬁl{'

S . ‘

S — e

2.) Dhgrm—rm-in ra.tio 1 125 goupared %o n:.uem on p!bdnotlon. T e
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ng_— Mgh‘}__ ?-columns-corresponds-to-the-heat .oontent: of the produsts) -
ofee (meti.uel in tm) . _ -

_ Bitum.

ET R
Amtion Gasol.

2 D
{ Bitum. Coal
| “Bydrogenat: tion
to Avigtion
Gasoline & Foel
011 o

3
L.l‘.c. with
. | Bydrogenation’
- 40 aviation
. |- Gasoline .
‘_‘mu. coal
L.‘I'.O. w

. ition

" Goking and’
- Tap- -
Distillation |

4 - F -

T T T ¢ 1. ) - -

. T ' - Goa.l vzmmn‘ from fuel
-~ 1) roed tor high performnco m:. a.nd mericant.. ) o - npply.

2 iz ratio 1 tans.nea-alon Lo
)mefg_ Iaswm | L cohorotme&tcfui

o -
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Othgrlrroaua;srozhcod ,_,_B_ltimq nurax on Profucts
.-o»—BntaEci'rx—t -
"{Propang

1 “Bitum, Coal

. Bydrogenation
. %o

“aviztion Ge.so‘.[

—,‘ —

2
Bttum Goe.l o
- Ryfrogciuotisa

to avie: . ,

Galol.& Toal

"Dletiilation {—
T 1160

10 NI ,

,__Q_,:_":‘_ B ey oy . ;~T~ e

1) reod foz' high porfmmco mel a.ml lnbr:lcant. N
2) Phenol prod mv be xnermod at thee:penao otnin oupx-od
] m abstmung nigher pmoxs qmttties morease abt. 2-3 tme-.ff’
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| YELOCITY T FRETEATERS & 600 ATM. .

" By Oettinger, Lu, 22 Iov 1938

7" The ‘velocities of flow for gas-comp iled in thereport of v -
. 107 govembari 1938 are valid for a preheater tempcrature of 24.5 Y
-~ 4307 C, without considering the ‘space takem up by the coal paste.
- For an average temperature of 14 XV = 270° C in the pieheater,
- the velocities of flow for gas are Teduced 25%. - See ‘table, . .




‘ Zlnear Velocity in Preheater~'i’

Preheater T"f_aratuée

sec 3

3

2700 C = 14 m' 4so°c

. GPaste~"f@

ot

+5 Lgper*";”

1 4—stage ut&ll

fie -

100 " .
{1 B-Stage Stalli -
at Hordstgrnr;ﬁ

] lv-4-8£ageﬁst€1i 
“ at Nordeterm -

- | =t Rhetnbraum— " e
1 5 Liter—-;ff‘ 1

,_1)»'Wlthdut'éonsidérinéathe‘éﬁace taﬁénwﬁi»$§ ihérebél_péégqg‘ﬂ’

o 2) - assumption: ~ 41l gas passes thru preheater.
- For example, if only half the gas is run thru the preheater
the given values are reduced Sq%og o P :

The original shows these same rigures as representing velocities

in cm sec -1, =7




o -~ a bityminous coal bagla as a first unit 1s less deslirasble to

S .TOM Reel 43 U, 5. Bureat of HAmSs T=I69"
Frame 000267-268 - - Hydro. Demon. Plant Div, - - _— _
- B L :7 ;‘fV, . “-- - 7._ Kssen, June 15, 1942 _
‘ _ 2. - I wish o make the following additions %o your lebtter of
R N T ST S
.. T T I'pave further discuseed with the Generaldirsktor Kost-the | -
. _Sopics covered 1n our conference, o LT } - ‘
B ' We agreed, that a powdered coal fuéiZSas.iﬁﬁﬁaiigfiaﬁwdﬁ:‘u,Q -=;5¥

‘build than a powdered: coal syanthesis gas producer, i.e. with “;;?~
oxygen gasificatlon. The operating experience at the Rhein- *

- preussen pilot plant installations have repeatedly confirmed

- risk of putting up such a unlt ie small and no difficulties

-4ar—the presence -of Mr. Kost that the construction of powdercd

- could alsc be sent to the steel works.

. I t0ld Mr. Kost in thle connection that the propoged
~installation for the Pattberg mines ghould ke resconsidered %o

.Pattheng;minga;_and_nhaxhaz.a,oofmeapgnﬁ&nglym1argsboxggea
- for the productlon of synthesis gaa,- including interest .

vfzi; m-fj:because‘cr”tne"ever 1nereasiﬁgszaak.agwna;aq@wgggygﬂg;gggggigfiif";*~

the ease and certalnty-of gasification with oxygen, and the = = | —

‘need be expscted. R
’ }~nmmvxéiiner (of the “Hermann GSéring™ works) haa,ﬁoldsz’

gas producer inatallation 1s very important $o him,” in parti~ - - 7.
cular in Watenstedtl, because of the iInsufficient amount of .= .
gas avallable for heating the converters after the completion

of the socondi-additlon. He had no intention, however, of

- 'builéing an air gas unit, and would prefer ths 70 - 80% oxygen, ﬂ

%o produce higher heaiing values., If needed, the gas then S

decide, whether the 100 te powdered cosl producer instellation »5%]
would not be better located =zt the gas works inctead of the - = |

installation should be built at the szme time. Computations = .
have ghown that the operating costs of aueh-anA1n§§a&l&§ipn“h~W;<EMW»“¢+

and amortization, -are conslderdbly more favorable than the. = -
costs of his present wabter gas 1lnstallation, especially Ct T

According to his statement, the operating cogts per m° of water

” gas amcunted to but 2.2-PIg at the gas Works, and the increaged
: costa-of repairs 1o bs expected could not have been included v -
— there., Mixed synthegle gas cogt of 2.5 Pfg wou;d no$ebe topvhlgho_
5. e 252:; - e - S
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In reply to" Mr. Kost‘s queat:.on on ths Operating costs of &,
-8ynthesis gas installation with an oxygen plant, I have quoted
him me__pnlcg_ar_l&__,._ld Pfg,but without obla.gating ‘mysell,
—and that the eost of erection of the required oxygen unit would
be between RM 500,000 and 600,000. ¥r. K. appeared intsrested. =~
- He suggested, however, that in such a case we would bs unable R
" %o operate with alr-gas, but I replied that we would include 4 second~»~.-'_
alir gasifler in thls installation to permit testing out both . . ,
processes 1in one installation. There wuld be an inoentive for—
- Rhenish Pmssiarreslnoe he always informed us that he® could gat but
1.2 Pfg/m% for Ruhr coke oven, gas, and thHat the powdered coal air = -
~ gasifloation unit at the Pattberg mines would -always remaln an- T
R ~——&wa%ta-ry—opera;tm—wht : , *rtne gas**“—
7. -- — company would be a protita’ble business. Tne 1latter: might alse -
- . be congidered as a reserve watep gas producer, if the synthegis gas -
_-prod.uction be limited to 8000 m¥ per hour: As long as operations
- werecarried on with alr gas, this fuel gas could be supplied to -
° the coke ovens.of the Mine V. (Rinaelma.nn ovens) instead of the
new Pattberg mines ovens. Mr. Koast thought it lausiblie, A
~ pipe line is avallable, no-additional costs wougd be incurred,
and the Hinaelmann ovens had been built as associat,ion ovena.

it would bDe a.dv:.sable t0 meet again w:.t;hin the next weeksa
ar, Kost will by then have irformed us, whether your letter of
the 12th ult. for a powdered coal unit at ‘the Pattberg ‘'mines be
considered, or whether 1% .be altered in the above gense., ur. K. . ~ =
requasta. data on the cogts of installation and operation a.nd_ the ~— -
~_gpace requirements, because the avallable gpace at the -
~.i8 very limlted, and sir. K. would llke %o keep- the conatrucnon
of. the water ges8 producaz's as a aa:ety measuroo_ . :

1_' W Mo sternberg° e e
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Residue Processing -
- L}

e - - By G‘Eﬂg" & Rank- Lu’_ —15 ,»OCt' 1‘9,2_"2

.t

In the first stage bfkééal"hydregenation, the liquid phese,’

1light and heavy olls are produced, the latter containing the non-.
llguelfisd parts of the-coal, tae coal ash and catalyst substances.

it is the protlsx of 'residue processing to extract from these
so-callzsd let-downs.oils free of fnsolubles, which can be. used

~'as pasting olls for-the coal. -The object is to obtaln a maximum |
oll extraction =ad & complete removal of the solids; because,_ if  _

thé'latﬁerjare"returne&-to~thé»process,“they needlessly burden.
the reaction szzce. The difficulties in residues processing are

- .due to the high mclecular oill rarticles, the so-called asphalte
;gndwreSinsg_which,‘unﬁer_certain.conditions, produce & sticky,
~ plastic hydrogeration residue. ‘These substances represent the

transition between oil and solid cdal and, on their return %o
the.hydrogenétiba'procesgp are transformed into light oil .

‘particles. - _ o : o

For “the separation of solids in residue processing, various

processes may e used, such es filtration, centrifuging, ex-

‘tractlion; distillation, or low temperature carbonization {L.?.C.;.

The apparently gimpiest method of L.T.C. of the let-down causes
too great oll losses, because the asphaelts and resing conteined
-in ths oll prcduce too lovw & yield;, whille greater oil yifelds

. are obtained by returning thsm to the hydrogenation process.

) chhanical-processigg:offﬁﬁe;let-downg'suéh as filtration or

centrifuging is, therefore, the most suitadble, since a maxzimum
01l yield may be exvected from it - cauze only a-small-porticn —

~ of the Zet-down cil com%tained in the Ffiltration or centrifuge

residue muat be thermally treated. ¥Filtering <he let-down would
Yield pasting oils entirely free of 30T%ds, if it vere not for .
the low filter perfernances to date. -

Centrifugess ars, thwrefoss, Used in mass production for

 separating'the sclidz at the present time, foregoing return olls

entirely frse of solids,  The zost satlsfactory has been  the-
Laval, whick Q2livers liguid centrifuge residue ang centrifuge

011 comtipuouzsly. By comparison, the seml -contlnuous centrifuges
like ih> Haubcld and ths Reilne, . deliver plastic residues diffizuls -
to handie ;" | N T T - L —

Yarlous apraratus have desn developed for low temperature
cerbonization of centrifuge residuss. Of these, two types have

been--sccepted by industry, the spiral gcrey kiln, primarily for. .
- .

browr: ccal, and the ball kilm

Both types are tesed on the idez cf carborization in thin layers,
vhich assures the greatest. oil vield. S ‘
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- Page 2
Recently, 2iforts have slso been made to producs sIectrode
carbon and briguztte binder as by- products of the- 11qu1d coal
p@uaze : ) _ e o e I

Tc orodﬁc *r*ouette birde “S, thp_let down _or cen;riruge
residue is distiiied to the desired consistency, for which

dﬁs%illation ccﬂo:ns or the L.T,C. apparatus proper way be used. C

N’tra*es r em hy@rcgen&tionrlet,dovn_arebused for m@k;gg_”‘f

eieoctroce ccka. o S T - .

o a The l_rpuc phave hydrogen&t on of tar and petroleum
wesrdw_.eq the reszidue-processing is simplified considerably by
_the feet that the solid’ substances to be removed are . primar;ly
_nozgﬁr*c large.y used catalyst, and small in quantit - The
small oeu-down (. 2833 are gereraTIy carbonized {(L.T.C. § d*rec*ly

and procduce a gocd yield becsuse of the low gsphalt. content.’
The residues mey £is0 be used.ingﬁon entrated form for coal.
briguette binder. Ia PS1 itz, tar and petroleum let -down is
concenvrated in racuum and the regsidue is buraed in the Soiler

hcuse. - o , _ — wﬁwuw NESI

The L T:C. '**srdu@ ﬂoutairs auch ash.ﬁincluding, in ‘some”

casas, volatils s.bsvanoos, It can, therefore e used az-
fuel cocnly with a zpacially constructed combustion chamber and
as an addéition to in-emlor fuels. At times it contains so .
much iron that i~ cen also be 8013 to blast furnace plants.

- . . . . e
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nxperiments to—iucrease—tne eentrifagal Lffect in Gentrthging
__Le%-Down, T

By Dr. V. Dorpo Gelsenkir rohen - Hcra&'e
: - — 14 ~Qotober. 194:2. ‘

[ "4"—It iz very difficul o ue'xtriﬁ.l&.e_thv le‘*’down—;.n——tm fo*m

" produced in the coal S»&lls., 1% i, wherefore, dAilusted - - w

about 16.5% solids content with a thinning oil and this mlxture -
- 1s then centrifuged in a continuous process in Laval bentri..ugeso )

Our -plant produces an 0il with zboubt .LC=12% 20l2ds 2nd a re- :
sidue with 5_5o59%,_so}.5.ds by Gthis . method. Sinee._the oil is
again usged as pasting oil, the sclid zubstance is bailast—Efor - -
the nydrogenation an@ftns—oaject X Yom Xeep the solids content

‘0f the cil as low as possibleo’ Ccn the o%ner hand, the solide-
content of the residue should be as high asa possidle, in the

mogt favorable case at—the limit of i%s pumpabil 1%¥;-in order

toc -keep the oil losgses 4n carbonizetic: (L.Z.0.) &8-1ow ag

voasiblec The difficuities inseparating the ietdcwn inso ¢il

and solids by - centrifuging ave basaed on tas-facs thav the let-

- down is not sj.mply a guspension of sclids in an 0ily medium

but that 2t represeats a colloidal system. This colloidal

letdown 1s further complica%ed by the fact that g oom,onequ: _

of thig gystem, namely, Lhe cerrier substance Yasphalit®, is

< - 1tself a colloid. .In order, therafore, tc obtain a ma.ximun'

8011ds content In tie centrifuge rosicug and an 931 with a mins
iaum of solids, it is necesaa,ry to u.estﬂoy ‘i;ne ,.,ol..o.a.,aal strue~
ture, _ This zay be done in Swo ways: - - - 7 Co

;,.1)0 by--dilution wiuh oils acting as so.bzep..s, by ro- - .
___Qucing the viscosity o the centrifuge mixzture, by

“digsolving ths carrisr substance “asphslitV, by ia- :
.,creaaing the .difference in .specifie gravi‘cy of solids
and 011, and possiuly in the case -of-selective solven‘cs,
by vausing tne a,olloldal systom uO flowculaoeo :

18

: j2‘}., by aiaing~electroéfftea~aaé: e

- becau}sxe even the most—stable colloldal solutions are
T o stavie only ina vc—:ry—&eﬁnrce narrow “XYxited QP—H_w
rangao T

—~~ “the -Pp=value;-the-selkoidal stﬂmtare 1e deatroyea———frr——

- -




Makin .é, ?u., Expe!tir:.e:x e o

 In ﬂ-a.fqllfﬁiaﬁ-cype-;mentsg % e -irstrtrﬁed.so/determine and
e Lner - she nxn,-“éibau affect by . the use of different thinning
clis, ﬂcc4xqang 1L}, using an énﬂerméttent electrically driven,
leborasary Peﬁﬁr¢, AP qunma&.ﬁergthy“urial experlmenfs at rcom
*°*pc““b’“” *nabgg,“g Zi%%5Ie or ho sucsess. - In order uLc proviee
scIuslL {:-v“"- ing -uor ’-:':‘:-.L,“s the nxperiments would, therefore,
have %o Lz Ponduﬁ ﬁ &’ n;ga, Semperasures, BecaLse 1% was

"&mnos5¢bé, %0 heas “3 rhoﬂo cemtrifuge, the experiments descrlbed
herein wao2 uOnd"i 2 An She followmng maﬂner.\, e

: ,vaatrif'““ “:T::r\—was hessed to. 120° C° in tne cent fug;
ve33813; thenwcensrl.ab‘ﬁ o4 ftvw—nzna%es—a~~5u09;8PMv—_32mLMM , =
temperatune of the o2 “ﬂisuvmuﬂ then dropped %o 609 C. From the

»_uonermsav 3. yer oI wil 323» il was sximmed off in order %o
detverming i3s3 solil: €37 2nt e 301lids values s determined are
vomolseﬁf+ﬂ—the f3iow A cesntrifuge mixture sontaining
 18.0% sclids, eorwEBRoN actu:l—ooerazing_cnnﬁ.z¢ans,ufnﬁm-
a letdown o ontainiri 24 Tids ané 1% asphalt, was ueed. - Only
products availabls in | ﬁtiuies imn ths plana werc us:d ag
thinning ul$a, su“ﬁ 2& o

2)
> gU @

an i""(ﬂ e
[ IETON [?}

35 h-heavy 551 "?WV_wf thinnirg oil), starg boil 038 Cos
cver 566‘ G SR, aniline poinf -, j o

ctars boil 188°% G., eﬁd’bpi175%5gmcrg

= 250‘%0.60', . ' =

Bemiadle oil, staTl DOl 16 C.,.end b011‘505° Cos
‘h_andl*ne~"o~ﬁ.'§~e7 8¢ ¢c. - ST

g belpw 5000 G: 98%9

3. T.G. 0L I, start poil 5547
anzline Doy =" &Y G- 7
- I v a® A ' g0 . az T
P La & o\lo Cuis wravg 3 ars ‘005... 214 G, 8 below 560 B Gs 8/@»9
-ani Xinw BT LIG - ﬁ‘\l ~Ge o

s

Tar oil, =2Tird ooal 263Q Cc, Delow 360 G Ll’ aﬁliine~
~ point = AR R N .

‘Aavasoxz e, peard 201l 47’ c,, end boil 1oo° Cuy anllane
nt e

SISO - _

. 54

mw_u_with;tnese,s§1¥si alcne, as wel; 28, witn_mixtu es of tnaea -
_ individusl solveate argmgwﬂua?y -il in tke proportlon 13 ls tn8~
U letéown veE NOW c‘?*i iAtc & cen“ ifuge Tixture conuain ng 16. 5%
_ sclide. - L T T —

g




Reaults of. iggeriments

: , The results onb ineq in these experlmenta are complled 1n
' Table I, “elowo : R s

. mmE T

"Centﬂifuge Mixture c©F Le%down ' Solids before 301163 arter '
ands _ . - . Cent rlfuglng,% CentrIfuging,p B

h]Anneavv el . ,_.‘ o 16.5 ‘;f;ﬂ} 11.6 8 .

- ;Apmiad:; ”iL if’“ﬁi, — - 4? 1§§%*4f{. = 8o6ww
A-midd.e oi¢ 50p'v A~n~a§y oil 50% . 16.6r1  A’ _ ff 10.9
B-middle Ci& ;;- ce ;'1602"w : ‘ 1.7

. B-middle cil 50% + A-heavy ail 50% ;_'1_637,'6' - 7.5 |

. L.T. C.0a1 I e - 16.0 AJ - 1ms

L.T.Co OL1 I 50% = a-neavy 011 50% ©16.2
Lef.g. 03¥IT . 16.4
L. T.Co o1l 1z EX: nuneavy o1l 50% 16.6 - €
Tar 011 © . . o - 16,7 -0 =1
Tar Oil 5CZ + A—hecvy oil 53% o léfsi o o 6.81

'_;13 A'S&BOLlne‘ ”,'_ ‘ o T 16.3 . ‘v‘ Cq1.e
jX) A-»ge.so‘ine 50%«%» 'c“:,héavy o1l 50% 16.7 — __902‘”;_:

' The column k 5p1ics after centrifuging® represents the solids
~ content of the top &gyer of the centrifuge cll. Duve %o the nature
of the cerntrifuge. %the cil cen, unfortunately, not ‘be peparated from.
> the solide. - The given values are averages of at leazst two experimentzo
: Becauseﬂof;ahe_loﬂhnilingmpQint of the A-gasoline, the A=gasoline -~ —— — -
—__—__;cenzniﬁuge ‘aixtures--could: _not beﬁhsabed ‘o 120m_9.,;§gg_X)°, These -
2 experiments were ncde ab 7C° C. and can, theretore, not- be“—fff;*ﬁ
~ éirectly uompared o <he other- e”pe”&ments. ' _
R saekiag-az—zf : : areni_thax_B_middle 011.“_

' A—gasoline, L.T.C. 011 II, Lar oil, Aam*dalé'oil, A-heavy oil and

v
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L.T.C. 013 I are, °n the order named, pr ogressively less effective., . .
The most - efzective s B-middle oil, with 1.7 to 16.2. It 1is. sig— ’
nlf-cantfalSOf:xha“ +Ae anliine points of ‘the solwvents used, with

the- excepuion of “rc Gar olil, drop.in the same order as the cent-

- trifugal effects dcleriorate. 1t may be.seen, therefore, that the
centrifugal effectz improve with-a rising aniling point, that: is, - -
with_lncregsing peresfin content, of the solvent. To. snow-this S

. fact more Ciearly, rixtures with.purely paraffinlc or’ purely aro- —
matic solvents were now tried sucn as.

“affin ol ' T

i
2; enzol 3tars boil 80 Coa below 100 "Co3 5% aniline point
=17, 597 Ce- | ‘ — A —

Do v%ﬁpua.e, start boil 97° Co,'end boil ;05° C., aniline polnt
71 4 C.. - . - |

— The—*egults o2 axperiménts wish thesé”solvents are compiled'
1n Table II., - LT SRR - ‘ —

“PABLE II -

—
JLSSIUUPO S

-~ ' s i

Centrifuge mixture of lotdown  solias before ,8011ds'after'
ands , S 'ff_Centrirugtng,p Centrirugzng,%

‘”Acheavy oil

| Paraff1n cil w"\ - _‘ . ' — :fls;s;”.“_-f~__[_o,4

Paraffin oil 50% + &-keavy ci.l 50% 5 126
Benzol - o T 1604 o '; 3o 5
;Benzol 50% + A-heavy" oil 50p o | ~%>“f}§,é3 S 3.8
Hepte.ne o CL L1605 1.8
. 164 3.8

-ﬁwu__.u_wﬂﬂAs thase_zesuéxa_.ndicage the nreyious obserVationapane =
TUlly confirmed, | FParelfin GEL WA th 047 16.6% shows by far the -

best centrifiugal erfzot; Lollowed by heptene: The worst- thinning-
agent -is the aroma%ic benzcl. -~ These experiments indiocate tha?wu__‘ )
- even the viscoslty is ¢f secondary importance .compared %o -the - = -
paraffin.c structure, because vga:gftin oil with*a vigocosity of

17,59 En—gler at’ 2o° b ‘and 3., Engler at 50 c. 18 considera.bly




P S v Y S o »-T-161'

./ B — -

mO”e viscous thaﬁ benzol with a-viscosi’ Lty ©of Q. 93 Engler at
20° G. ani 0.88° Mngle" a® 50° C., yat the paraffsn 0il is
superior i eatrifugal - effectg_;
' Heptane 1s 2 oﬁe-xﬁitsting_agent for asphaltse” it 1s,
~therefor°, to be cxnected that an lnorease 1in the asphélt content. .

Actuall}, an aspr~&t yontent of IC'l% was found in the—oll from
‘the mixfure of leidown and A-heavy oll after centrifuglng, 7. 3%
from the mixture of paraffir cil, and cnly 3% in the o0il from . .
.. the heptense mixturz. — Tré geod centrifuval effect-of the paraffinss
~ -thinning oils 8eerl; sherefore, to be based partly on a.flocculatlo
‘of. the asphalts and consecuen® destructlon of the colloldal .
- SUI'QOGLL‘("O j . TrT T T T T - = o

Tha sxper1m=14a$ uemaera*ure chosencgas 120 Cop because
below 120° C.-tas ‘rigcosity of the centrifuge mixturg. greatly de- .
- . pends oa the temprrature, due to the steep slope of the viscosity
curvs, 50 that sgazh degree tgmperature rige causss a considerabdls --
changs in viscoelty. AT 120 . the mixture 1is quite thin.and
has a viscoslty cf about 29 Engler, Atove 1200 C. the viscosity
drops very aIOW&y With a rise.in temperature. Ir spite of thig ~
ar. inorszse 1n ceatrifugal effect may be obtainel:by msSrely ine
creasing the ‘terpsrature, as ths following experiments.show. .
The same mixture was centrifugea a2t varlous -temperatures and the
‘8clids ccntent ef- “he ol dstermi e€.  The resuits ere shown
in Table I1I. 3 e - ‘ o amen

TABEE I;i"

Centrifuge LAXZwres s - : Centrifuging  Solids -
: - : : ~ Temperature ‘

- 130 |
o ~12.8 7
’ &',/ ” k; ” i . . N
- Letcowr. and.A-keevy-cil, - - . . 12,3
o ‘~*~Eo%i&s—coa%entfz5;qp~ T N ffm.ﬁ"“>_‘;;V‘ - 11,6
0.2
S

- . As une"ffgu:os-shov; the’ ceatrlfugal effeoct mﬁy still be
_increased by raising the temperature from 120 to 1602 C. The
_experizental tempsrature of 120° C. was, however, relainead,
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because the boilir:gpoints ofvseveral of the solvents used as
thinning oils are fairly low, while on the other hand, Apheavy

0il, for example, fsg8 a flash polnt of 170° ¢. 1In comparlng -
results cf tables I1Z and III 1% may agaln be seen that the vig-"
coglty is of secordary importance, since a.rise in the- centrifuglng
- tempersture merely decrecses the viscoslty. Even with the great.
tempers ture ‘diffezence of 100° C. only a-decrease -to 758 could

be obtairied.. Th° vigcosity, therefore, is of less importance in
the centrifugal ¢ifeet than thé chemical s tructure of the thinning
agent, &s already sbown in. the paraffin oll-benzol example.

- When egperfsenting with resicue samples at'DoIttz —tx“waS'
found- tha% Politz cbiained a better centrifugal elfect than-we dia
We, therelore, cecided o conclude “our experiments by using letdown
end thinning oil ,:om.Polauz and-letdown. from SGholvene -

' L . R

iPOLiuZ 1eta:wa 25p sclids, 26% asphalt.
,Scno“ven lesdown, 21% solids, 25% asphalt,
Ge’aanbewg Letdown, 2ap sollds, 18p asphalte

Gelssnoerg uwl:ning oil, start boi~ 345 C., below 360 C°° 8;;,

aniline point + 3.3° Co— o e

Pq;itzvxhinning o011, start.boil 538 C., below 360° C.: 73%»
éniliﬁé‘éoint -.38.7° Co N
A A
The’mAxturea 1nqxoated in Taale IV weﬂe centrifued as before,'
with results -ag. 8boWn. - | T

-—

-

=~ - TaABLK IV

Céntrif&é67M1xtupé:;ﬂ";.;f B V Solids before'v SQLids arter
e S | R 'Centrifgglng,% Centrifugangsﬁ;

 Politz-letdown ¢ Iclitz thinning 01l WMW“" 16.3

', Qii 16 7

. Geiseﬁbéﬂg letdo v < Poll,zbthinn,ng oil ' 1693
Rolitz “eudown + Galsenberg thinning o1l 16.6

Scholver,_etdown @ uelsenberg-thinning 0il 16,4

Gs‘se1be“a letdovu > :eﬁsenberg uhinning 01;~16.7 N
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. The results ssered 1ncﬂed1b e at-first,- and tne ezperiments
ware, taeralore, rr,vuted s@va*al ‘times. Tha_resul <8, however,
were always the sarz. :

Letdom 18,7t£6f8f0?83.10t simpliy xetdown, bat 4n -order to

obtain the Gast centrifuzel effect, 2 special . thinning oil mus?

b2 used fcr sach let=_down. Thls mzy also explaln why-our oentri*ugo
operate sasisfactorily, Pt Gimes, with a higher asphalt content
in the ;ctLﬁvng whil=z a% 29 timees 1% operates unsatisfactorily -
with a 1ow:2» asphal?l "onuent ‘althouzh the centrifugal sffect
noraally d3csregases with riséng asph,-t .content in_ the letdown.
Thls protasily also sxa*ains the difficulties 1in centrifaging Vﬁén
sta.ting u> and. shutiing down the coal stallso

: Sin fwnese*ﬁﬁuezime“t_ ‘were made in an 1nterm1tte 1Gly T
ocpereting lLaboratory centrifuge, the resulte-can not be applied -~ — .
directly to the coutnnuous LaVal ue"wrifuces, Openaxingﬁoq-agdi 2feor—
ent princijpie.. - : — s

Summsry ' T T
. We have tried to determine an&, if‘pcsaibze, to 1@prove the
centrifugai effect 1; centrifuging mixtures of letdown snd various-
tnlnning agertse ikh solve:tn used were malnly such products -as
- = plant in lerge cuantitles. These.experi-
ments showed that L' %ne addiuion of B-middle oil, L.T.C. oil II,
A=-gagoline, and cf %zr 0il a2 consilderable improvement in the
centrifugsa: effect, mmpered %o the thinning oil consgisting of
A—heavy oiZ. could bC:OUﬁ&iﬁEQo Ther showed that the centrifugel :
effect impocres direcily with a rising anliline point of the thin- —
ning oils, and tha® "rraffin 01} with 0.4: 16.6 4ie by fer the. -
best thinn.ng oil ior our letdown. They further showed that =
— __.increaszd Semperatire and cdanges in viscosdity are cnly of seoonda?? 3
importance. in the uaa,ﬂxzuga7 effect compared %0 the.chemlcal - i
- compgaition -of the tﬁ,nrirg 0il. Whsn using paraffinic thinning
' oils, tae 201lo0idal zharacter ig larzgely destroyed by’ flocculation .. .
of the aspaarit wita 2 comsequsnt incredase in the -asphald conteny
of the re smdas and =z decreass in the asphalt oontent of the oil.

ot e The experlments with letdown from Politz, Scholven and
Gelsenberg showed tH3% not all letdon
- —same— thianing oil, 7or the best. cenirifugal effect, ‘a special
- g oil must ©Te used fcor each letdown. The oolIBIEéI“_tructure
'of She letiown 1is,. jz-refo"e. not effectively destroyed by the _
gdditicn of thinning cil. Iz the expériments- to follow, we shall
try to obtain still oaltter results. by the addition ot electrolytea

and - .aupnt chang=s in the DJ Value,, - —

- - s v e ih M

" Further experiments in uaval Centrifuges ‘alone can show how - -
far-xhe_nesulxs_obta‘rea in the preceding experlments are applicable

: to trhem.
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REPLACING COLD ‘CAS WITH ,cﬁ:l§ASTE *“
(Le‘ter by aanne”*W

. S e
T ecoel atalls which one“aue with no neat =x tnz amount
by beau suprlied in the prohsaters 1s rougaly ec 1 to t?e haezt of
—-zhe rszastion, since 1 Xg of convertsd pire cﬁa¢ % 11 set freze 420
‘*Cal while the amount of hesald r@qu‘red To hg E—Kg cogl-paste.
corrcsvoad¢rg to WCO Kg rure coal; frox 1060 tr ¢95 is also equ&l
so arocut ¥BC XCal. _ " - N .
It has repeeteély veen '8¢ eznendeﬁ-wiﬂ “art;:ular ty Dr. Pisr,
0 replace ¢oid gas with coal pasts; 'wlth the shepe of the paﬁte
intzke being a silt pipe_s&toll I =& in length.  This woUId vermlt
a4 considerglie reduction inm the heat coMeumpuion of the prehesterwg-;
 rogayilems of whather the onerat*ous are run wiik or without heat y
-exchangers. The @uggestic*'hao set bee&_achually adopted in |
Jpper M*les_v and *n Gla@tﬂﬁ o . B

¥
¢he Acaﬁ““me L. Trban hus ac?ualty -nt“o“uced in Scholwen
;hew&ﬁdltioa of cold paste. - The test has Yeern. run for aboul & week
wigh 5+ e of cosl paste being added Yy means . -of o temporarily idles
. Mamp 4o the Totism .of coaverter II of e fthree co qverter stall ”He
- zomverter has bteen ztarted wilth the preseat-_oa%%_and the Aea,iag B
o2f thess additionzal 4§ e, paste may be'caﬁs‘aﬁ*@*;a net gain.
Ip to »row,

as changes ia the tnru:ut of ths stell or of its pro-
‘hiets uou;d sz observed;  Howaver complate analyses are as yet

'~nnavailab1e. In-the nesar future the pasue will D2 regulzt2d by
aeans of a throgiliag valys a2nid '

: dﬂ@d £o the %tuvp of the 1sit
—ropuerLary . Tt L oo . - T L ‘

B ué Jrtan wijW'i adéli t*aﬁ atuempf‘to ‘paduce the prébaater 1083
and inerease th@'seall thruput Iin the fcllow’ng wav-_;i«, 5

Phe mixtare of the dlstfllate and g3¢ bviq~ off et the;“gz- -

*atchpo* is at & melqtively low temperagbre of 2.5 mv. A differ—
snt. catchpot cons m“ction cuggested by Dr. ¥eyer -of the Eerger
Jomstruction Company) will result ir & Ingneﬁ ca<chpot temperature
which will te aveilable’ fcr the gas hest excnergc“fr/-ic—?oped
‘znet this will permit redueing the numbter of gee helrpins ané -
*eplecing trhew with prste Tafrpins I+ wist Ye suphasized; -
—2owever, the: the 228 helrpins d not merely asfsume the peak
uempera*ure of “the Ci&CQ‘Stlng " tut will 2ifo compensate for
the da2teriorating heat exchange. Fol‘ow‘eg , csugrestion from

Aleua&——vbe—hec#n_gil_» ;“he_catc pci ¥ill-Te '”med to3uhy simpe -

N

“hi@ ?iL; gisc h@Lp ir ) keepvng the sump gcocl. o) )

MR Simila? sug:eetions beve’ beew pfeviousl* cdapted- in Uppe" lesls
@dere the grestest possibie util_ ation of heat e"change-*s of su““ . -
greater implriance, - - N \ . Y S ——

.o - ' e /s/ Sc




EUaENT OF ATHES
zz:z'o;s,, FLANT DIV.

Eivh_rreszure szerime;qu-hu . —--4*?~wf739n. 312_
Leu 1." : T ; o ¢ )

CSummery.:

- Fegu arit*e& in the . Dequior of “the" Iieu*ﬁ'phdse a&re qllua-
‘treted with & fsv examples, and o metho&~ef—%est;z; o£~hvdro-mwwm;g
genat;cn dehavior of comls is OUbLi?ﬁd. - I

T2 “9b1° ﬂon*&ins e: am4133 of ,he behav-or of d_fferent
coa;s in the liquid phase for the purpose of’production of olis
B £ different omnos*tion. Ail %esus have been run as 500 atm :
. ﬁ*oﬁ 170D caiaiysts, & normal gas throughput aand witH abcut a
.. .BQ% paste. qu onlv romalnLng &ncahgndent ear*ab:asﬁiere the
‘/uemperatare the trough-put, and the composition cof the fuge
oill pﬂsting ‘0ilg). . Yhen these thrse reguirements are fixed,
- the- couve*sioamnf.a:given cosl, yield, compositioz of ths oils
2 produced, geszsification and asphalt “roduction wiﬁ¢ be perfectly
- definite for a fixed method of the working up of the residus. .
Resulte wlll vary from-co2l to coaly and the converse is also
true, that for different cosls the-three-above mentloned re—
zuirements wust differ -when the same’ results are "asi“ed

- - &hould & ds finite cili vcmposit¢on.be reguired, e. g.; 8_
‘»process intendsd for the producticz of middle oil- and gaecline,

i.e. with the producticn of no heavy olil, or e.g., for the prc-
. Qugtion of 50% heavy oil, the nimber of 1ndependert variables

will be! reduced by qetting these reku+remen«\a T LT

- Should we maké the stipul&ticu ‘that the thinning o;l-;n :
— _the process for 100% gascline and middle oil be 100% hesvy oil, .
“and the temperature be_likewise fixed, there will be bHut a LT

.. _single throughput for & given cocal io operate the converuers—'y_f .
.”—_‘““ff—wi?h “¢he production of ol ¢f this fixed eomposit’on ‘A1l T T
results, such as,zonvers¢on throughput, gasifica on and‘asphalt -

ar

o ——-—are-fixedi T — —- e e

... Should &an additional~reqnirement bé‘made -in %he above case

qudh as a3 deanﬂte;asphalt_contettn or a definite amcant of
gasi ELL K nmrmnsition of the thinning oil,

there can be but amaiagle ?hroughpuu and temperat °e.

uxrierent mothedS:zeff%ﬁe—pzadgction for gaa-lin -jmiadlé'
cil~or“haav320114cchzﬂ*%e samilarly outltned = N (," T

- e It may, for instanc e,‘be rossitle. for these *easons,Ato
S : obtaiu from a- given e~a1 the sage.d*stnibution of the oil R
Ao : > - ;Tﬁﬁ6?tfﬁf?ﬁ“gﬁSétﬁﬂF?fIﬁﬂMie
: oil to heavy. cil by different procedurds, wvhich will Jiffer from
-~ each other bty different temreratures; throughpu%»and composition.
- of. the—thinrtnx:ni%—cn theﬁana haud _on. 1 the _other by different

. ——




P_i6 3' T

throughputsg gasification asph&ﬂts and conversion
: There- are cer*ain 1imitauions'do ‘thess. conclusiuns in that
. small temperature-changes wlll not have egqually greut~resuits'
- .upon-all ths fsctors- {say upon tha‘;eroent of converaion, of the
solids, or *he asphali), and on the othsr hand by the. oomposifioa
of the coal which will a’fect the defiunite prcportion ges, - .
" middle oil, heavy ottt and asphals swmul:aneously proouﬂe&+rﬂ—tneg*-m—"'
destructivp Hvorogeaation Any strong 4deviation from the=ze = —— o _
simultaneouszly preﬂeterm-ued p"oporuions may cause, 2.g., &
larger gaslficsation, ete.  In the process for the production of.
gasolime and middle oil; the - process -may dbe Imagined to consist
in & simultanssus rormation of partof tks 1iguig_pnase %&3011 :
-and middle o1l {(togethar with gas, heavy oll and asphalt; directly
Trcem.coal, while the rest is pr oduced By varying gasification '
"from the heavy 011l and azphalt produced at thre "same time,~which -
enter tha raturn cycle. This may exzlain why. in, =ay the process
for gasclina. + middle 0il + £5 or 50% heavy oil, “in - -spite of :
- shortened time of contacy, the same hign pressure reaction voluume .
will produce coneide"akle exounts of heavy oil
Ain~addttior*“o—the~gasoiineﬂcnd -widdile oiL, compareo with the

to the fequire zent, that oaclh coal be crerated for 2 csrtain kird
- of production. best suited to it. GCne mey see in The second line,
representing the Helnltz coal hydrégenziilon, that & rrocess--for
gasoline and middle oll could herdly be ‘considered~siited bzcsuse
of the Z27% gesificsetion by this process against the low losses
.through gasification in the process for the product’on of heavy
-—011 --Conditicrs for the production of heavy 011 as sed w‘th
the Zweckel coxl do noOt sedm to be.
becsuse of no zdvanteges against the gaso ine +. midﬁie oil process’
- produced by Ehe modifica*ion ~ . .
T The obser ration has already been raco"ded that R.“» and
Upper Siliesian coals have about -the same carbon GOﬁzongugﬁt*have
very different hydrogeneiion characteristics, when hydrogenated. i
for gasoline and middle oll, and the zane applies also to = pro~w~f‘u?r
- cess for gasoline 4 fuel oil., With the same proportion of 011
- Upper Silesian coals showed ©o inereasei vhroughput sven at a-
higher *empara*ure - . :

As a3 ganeral ru;e ,he muhr coal saems To Pe- better 3ui ad

~—to gasoline ¢—widdls oil procu*tion 'a nﬂ—ﬁpper—Siiostanfooai,; —

. The re-ycoing of oils iz & closeo ycle may not be- ube best
means tc deterwine the. particular method Yest suited tc = ‘given
_coal, becasuse cf the possibility of =uperimposed egffects, which -~

T will obscure tne i1tsue. The use of E Yombs wiﬁh#aqtsndard pest-
‘ing oll 1s d&sically more correct in spite of -the dlssdvantages _
of using s aon- continuous Process v1tr errcrs resu 1u+vg from 1t.—




It may WGIL b@ that a continuocus tes» Ln a—l to 2 iiter converiter
‘using- some-standerd pesting oil and & ‘3tandard-procedure wouid™
. produce tha best foundation for the svaluation of coal and )
whﬁw-fnz_finding s relationship between oil. p*oﬁactiom acdﬂgasif‘c&~———~—

tioa. s e | |

BN ‘A"
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V.M. Sternberg -
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Shutting Do

TS e crticle L Tuldl ol Jgnzary statements ané 5.d£gﬁCHE;
Seimp g chet iLts trznslation- is subjecv gl ucuaéblo S
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"bne Aluaheu ou ‘.hoﬁ Fuction v&; DA

H SR~ pﬁeasure (220 Uackmyldm Plagl 1ing

atar*A“muo w_tn 2% yst “53? , First veloasd I
 BLOtuOR vssaeza Jugq ap3i va<vf %0 gtali.  Lins3
S7evisusiy- fiusbed with 42 Ths valve on unﬁfs*
‘romainsd Bhu% a0 taad $R3°ilns cou.d Larss 29
vrougd up to sresswre-of 270 ata, " Drive gz.'z.‘c.-:.:s:l a O
. valve on %hs-stall wall was then opaned end as_prIssure b
- tas pﬁm“ nal&wto 227 atz., T3 pULD Fas agzin 3»ap”>~ w5
h:“u‘o %08 5\./3 Qj’h whigcn wasz al 6.‘. hrie) 4‘3.;3 L!n wLERAR
3'h3;r, The ca~alvst 3“'vu venu cn-y To s prendabed,
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{sea . igure 1)

: After 1oze catalyet suars ware stﬁnt=¢ the ucu <1
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Lines L& & Li. fluaied by puap Wi tb. '°luah,np' C}»a._‘, Sl
' eLrculasing through Dotk LinesLR & Lli, Presgure el

. or._walY¥g DOX Op&il. (To. save" J....meg fiushing ©LL "Was TUR HLIORED
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(“’ar‘s was pumped h_eougn the zatalys® llaes i Ls'*;so.-.‘__ -

3%all was eocied off,! {3538 Tadle L). The cause 07 I
wa3 pooRabiyT shiz, %aat affer the stall was *ﬂebuil
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T3 avcid. dzzage %o ths catalyst She pressure zmust ©e ingreszsdé
very slowiy-at the gtart., Care aust also be %akexn that thke
catalyet ‘cezporeturs dce«s« n:ot exs3eed O TVo - - SE— -

; 11\§>with y
esous éﬁﬁ 640&)
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.5 cf' the irlet gae prﬂs‘u*e gags.
"*‘: urnéer prese'.u'so

om0y
oY } <
L0)

(D]

iv.r’neri an Ln the pr leate‘-" sné the te‘pe;wtxre of
nt in the firsl convesr n’zeg 3._3 Ansxmeesc, &tc u_u e

=12 wY celdi gag 5;5.;;;'::7 5 ‘,n‘t:'* each ¢ the ccl& ga.s l

megl pments trQecld ges. bubes, srarting sith the ‘J_.as‘s
*:m, laet converter. . If _there is any-doublt about
cn; enement ¢ Like, this qheces is rezeated atv-

e Ssaperssure a?‘ ‘ch.e—ﬁﬁe 1:0 vhe~ m»a T converter (L1irst
tThe eocnverter) kas IBmCE . Anjection mnay begin.
seE cErves ere tested ancl ?&e shut»cff: valves {ghead of -~ —
o epened.  The ool gas v‘“u...l.mds are ragu.a"eé’. bvv‘"he smal.. '

. ;,f,c‘uion volLume ig - c‘*epenc’.e nt upon She reactiv:.ty
BIvALY of the ceSalyset, 200C-3 000 | L/h can -
3¢, &% e s%ari. Tae volume 4is regulat@ﬁ hy the ‘
28 xa,;:'sz_ end ‘t;hi‘ emell ;Jmtt-,ing aigk {orilice plate ~%).

....,.e”' *uzﬁpsxn,‘sma a3 Gtile TLras converser  .s he“.u fmnstanee
Clratliniestion the nower %o ths pﬂehaaue"' hust H2 2lightly
camiie L2 he r:F‘T'ZpFJ."&'fjlil"Bw rize above she predesermined,. they are -
: wihn eold geBa 2T the *"»ups"a*' P An the l1dsh converdexr -
5G she heat of z‘eec,....on. s power %o. the prehpaser ma.y oe
. In %he gase of Suell L,a vi.e was fil..ec 7ichigid L
- end was run vith 5058 sasuresed o.x..,.g ﬂa.. ‘Che"’m&‘"cs.--f" n%s in '-~-f-’

BenTIrIer "mnﬁhe‘.& Ete TS ¢ WYe - - .T_-‘““_‘

R R csu;ena.“* @B L1 a8 L 5‘,'f'on‘mr‘53”\ l*e&:m %0 -rise, the- o
SBavion La graduzally ncreas 3¢ Se-poriaps 1200 I/ /h, - Tala ingreass. T,
wrkadsuiien da .dusf»nde zHon th2 azat oF reae&‘ion or. the -

ihon mmeu a‘auz'e=“ix:r the Z&E8% CONvVers nayTs
. as Zivgd eonTd *""e.. may s somewhatd rr=6.1..,sd 1%

, '"er z"amzz.axeér £0COTRAng 50 %he—&esé.re& spee
T‘C‘ DZ""—"Q Qt, {S g.:b:. 5‘ bJoG's 52 06071 -3

=HE m.ed Into ths— “_ —and
wiz SFad ‘.nge - AN Leo'aa ate”‘ N gontinuously "injex ed_.‘ia.n both 6 -
i minger "JOG.‘; ZOOG u/ ":,/ stallio | ‘ »




Jan 2z

i “}’A o ¢2,45 ~ 17,30, fiél wiuh 32, TR e T

- - ‘-'—'_180309
. 20 Januery’

,,,_\._gtartsd ‘..OOOO m /h :.nls‘!; gaso .

preheater atarted and tempo paised, -

éoO‘J, o

9.0,

6Iement #Ife*zc—o mre e IR
m.iec'tion star‘i:ed 5000-&000 1:/":; i -

,f\j . i —':i——’ o -

o - S ——a&emnz_#%@lsv&m - - U '_—”_
‘4 . = __ alement #1 @ 20.0 EmV.- | , ) T o
v Temp, dropped back eo:newhs.t and prehsater power —
o i was inoreased from 780 to 840 K¥. L
&1@;38&%#1—1?&5 -h8ld- @wue TV 80 thé ;&;ﬁsrt-er
- 4 ould pull fastez'o o - ', - -
o 11 .00 - 14woo injection incressed. from 4000 %o soso L/f, ff~,;<gg;“h_
_ ' 1e°oo w;ﬁa; ‘injection 8000 L/h. | ‘ AR
- Prehsater power reducedo - ‘ -
o InJec—siBn gra.dually mcmaaadmm -
_ - eonverter teémp. 20.0 av a.uda qu‘o a.bout C. 070' -
21 Janugry , - o - ~ :
- ——T4.00;, = 1n¢eeu£bn‘2zzoo—:7h. —
= " “8.G. injection O. 826/26 €. = 0.850/20% ¢.
B Y Y _62, ° Gy | 50,070 i
= 5. G, catoh pos .pmag, : T T
: - ~ should be | 'Aoovsc/zoé—gb



ggcr Dhgsa—StEtr———4‘4%»;

Ce Reéace injecticn 1500 to 5000 L/h and keep S. 3, ;ndec tLon and 8.G.
. cateh pou product consiant. "Keep temp. high.. Th2a shul [« ipte lnjaction
. a&ad run another two acurs wiin prehsater powsr- to :Pep~the sams gon-
varier temperature tc dAry oul s?'e.ll° Than reducs temperaturo OoB3=0:4% mﬁ/ho
When temperaturs has. dropped to- 16 mv it can be m2duced a% uns Tate
. 0f 0,6=0.8 mv/h. T Zeepr up tike . temp., in ths las _zonverssr ths
T voilunme af lnlet gas a“ould be increaseéa~.,‘ . -

Rsleaaing the p Pegsure at the shut down of a v&por phase stall

shcuxd be ?ane at the sams apeed as in‘filling with daﬂ see *Startlﬁg

——

= —200=’193'8.315 *——dkf 45- mln.-? R

10 =28 atm. _» 45 min..

B ~io evm . 60 mi.
1¢ --1 atm.  ~ |

l = 0 atmc

2. Red“ne *njectiov gradus 11 by about 4000 L/h ‘Eeeping converter
Yemperaiures Ligh in créer To- vepoxize sll oLl residus. If the -
temp. in the lest.converter drops while reduct ng in Jectﬁcn the
gas thruput shculd Te increased. A larger volume of gee e of
-this advantage la%er in ccoling off thet the keat is carried

;_of“‘fastero In general, the power should ‘be reauced tcgether
wit& the 1njectlono o

—

When the injection has beer~feduced~to-3006e OQu L/h it =y be
- cus off .entirely. The converter temperatures shouwld Shern remain . -
hignuaaoaner two hours afber no more 0il-is preduced, if-need be, .

- Shersaae—the gas thruput. Power toc the prehsater should.be
correspondingly incressed. Kea@ping the Sempersturs high for
~two hours §s ¢ gbgoluTely nece®gsary, if uhe tempe atures‘ﬁave

“previously dropped Helow 2G.0 BV, , e ‘ - .

o

& 3, Reduce Zgmperature at the ifilet o converter #i by C.5-0,7 mvfh _ .
e — PO EDOUC-D=d OV LD talyet is xoabe—éeasapesed—%&————-——'A%i -
= tempe*ature shou;dnae—"eduoed o1 2 mv, othsrwlae to Q_mvo ‘ S o

40, Cut off stall fronm c*rculaulng system, afSer the gas 3 “uput e
has been. *educea in tae course. of 10 minea‘Valve 15, tesause of v

: T N S8UPS—8 Bn Y roalasing -

8y803503 close ma;r sdutaof’ Valves at tne 8%l Inisv-and outiet.

— . , -
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=% _REIEEEF'ﬁwﬁsEQTE}‘VBI?#’Q, ‘Xesping valve 14 0loged.— Tais keeps - F
the flcw in nérmal airactiono The- snaed of “the pressurs release ’
— 9 hes 2lrealdy been ziven, Releage %2 altm. E””iuu pr°ssure_
N - releass the. cola hsat exchanger is zgaln desliyZzed., 1v 12’ very ,
impertant that;ths spesd of the pressure releass in the lowsr - ST
o . pressure range, previotsly indlicated hareina be not exceeded T
e ‘ 1n orﬁer met ty'::magc the - cztalysts - A F

: “If the rressure“*~ reIeaseé~tn—th&s—mannez,ﬁvalve 14- close@,.care- _
- . musty be._taxen-thet ths 8181l presesure differsnce dces not exceeld 10 &im, -
- 1If this s&cnaa actusi.ly happen, vaelve 3¢ is opened very carefuliy, so-__-_‘;'Ql
__ %hat no bsox flow ccours. Thie pressurs aifferenca is practice‘ly .

. never excaed ed 1n the vapor phasea o o

- Gq_,FluahAhc wkt‘Wl$ﬂ g {cola gas lines)oi_"~ T — — T

»»Anazysi ut The ¢w\&e$ shculé snow not® msre uhan a% combustibles

' (h2 % ngd:ocarbone,o | o \ o b

i~

v . —*4—7 oL A

7 Sticx,o n&’disasﬂxnte 1nlet ana OuwlCT e a,tcneu CaLYES; fap 0 - e
only ong ratshed ’31?9 _is -used, then insiae of oil- oPerataa valve3

- If the stall 1s coolisd ofs. on;y kecping 11 reserxv,vit Duss . be e
kept under-presauraa -

- *‘Fig Pressura Gas V«aal’ ( ee ﬁ‘fl‘go 2, »' T - T - e e - - ‘F_

Avalleble in ueuna, ¢ washers 1300 mm dia. x 15 o 1lg; 6 for S
- 1iquid phase and 3 ior vaper phaseo No washing is done any more in

the vapor phaee enc tte washers soTve cnly ss separators. . - o
0f the six 11quié phese waehars, ‘five: wers 1nroperaticn. - i:_'
- _*“___Eota¢ gas pro“uodicn;- 225 OOG‘—afn V'ff ‘g—‘_ E o ‘.iﬁg_-ﬁ
Sl E Tota* oil procuction - 3%5“73/h T ‘*""i{ =
Normel Toné. on wasber;‘*éj | | | -
gas ~ 50,000 o7k " : -
c 0% «;?Qe@@wﬁ?/;A_ i _”"“,A..iif T j . o -
-  gas - 200,000 w52 T e = -
o e~ 100 3 ;_._J.f‘ B — '
; RN Sl
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- --3_.‘-4";5 aveilable; 1 o,_:x ar‘d 2 new in the Rew brilatng

) 3 n*gu urass e ?asc o1l- pumps w&tb e ear aﬂu;neso
T Ceapecity: eXp- ntﬁhines;‘to 300 ©°/b ) ’
o - e PUEEDS e fjéo'm.;

T - . - & gmall amount iz reieased Girectly ¢ ke 20 atl. € ﬁpansﬂon
: vessel Tor Tegulating She level flugtuaticns in the washer. - =
Agprox¢maﬁs_,v,0% coxﬁne wash oil is*gunvléea by the supp“emsh¢ary

pumps. - - o ' ~ Teebi T e

”~ ' 'Determinaulon of fC&n break»down tima ;  ; T
R B 20’66 """ c’ reganafatca wagh oil is szhalen vivovouf’y *cr S reco,_\
‘The time interval to she =moment wisn th3 surface {irst becomes
visiole ig then dstermined. (At room Tempersture; beitle must be
lgan%ralzaia_nse‘ﬂwné bohsley., After SO seconds TE3T a.other aucT;\J
- vessel. , : = :

L CVaipicus toste ars Takem from = note hook: - T

.;’:A§690zé§ - _-.._Room ngéo - . Dengitz. k
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- Tou Reel 130 - U. 5. Bureau of~MinesJ\
Pps. 230~245 - Eydro. Dean.fPlant Div. -
Ref#0 T - ' ’ -

Resort on Diementliag of Stell #5 _darch 29, 1941
' - Leana, Apr;l 295 1941 .

"Date of_ shutdown: _ March 29, 1941 , ,

Time in operations 269 daye =~ ’

Reason for digmanslinge The blowexr rotor Llew apar$; destroying
the blower housing. . Because- 0% the
length of operation of the stall, the .
.declsion for- a—major-overhaui haa—been~made.

T e

. The difrerent parte of equipmsnt were shut aown,’emptled am&
. dlsmantled° - . _

- ‘gnverter #1, 25§%159§, wizh Gonfarterv#lﬁde-sanding {cold
gas pipe not insulated}. The operating time of the catalyst tube -
. wae 269 days. It contained some loose scalea in the narrower ..
-z part of the bottom funnel, The cetalyst tube was in good condition
——— and-had but-a few blisters. The thermocouple protecting rod and
“the ©o0ld gas tube had en asphalt-iike-dspeoslt 1 mm thick, but- -
were not gppreciably harmed. The de-sanding nipple was unscrewed.
and considerable w2ar wes-discovered in the inmer pardt of the
nipple for a length of 65 mm, and at the outlet of- the-inclined~ =
-de~ganding canals in the bottom converter cover.—ThHe -bottom '
converter—cover was taken down and a wear aiecovered at the
" canal inlet into the cover. (aae Sﬁaucb #LY.

Lonverter 225[ 6, On°ratiqg tixze of theyamalyst” i
-tube 227 days (colé gs=z tube not insulatseld;. was free from residus.
~ The Oatélyst tute nad a deposit of iren suiiide l-1.5 mm thick.™ .
The -thread of the bottom funnel was torn at ths pointed end.
The fishplate of the bottom circular Shresd, two of which had
been previously repaired, had become loose. The 16,000 om fong - : o —
thermocouple %ubse had & f1at ground spot about: 120 om in length -
at ite bottom end. The 14,000 mm long thermocouple protect1n=
tube was in good condit&ona The 14,000 am long cold gas tube
-was broken at a distance of 2200 mm from the upper edge of ths

__that level and we Ray assume that the tube was worn out bw thia
bracke t. Tbe cold gas tube, 10,000 mm long, was in good condition,

~ The wall of the 2,000 mm long cold gas tube was very thin and - °
eroded at the boftcm end. The cold gas tubes had an asphalt-like

. deposit l-2:;5 mm thick. The cover seal ring was strongly damaged.




Tw165

~Two-thi“da of the ahsst‘mstal ‘of. the sgheil had fallen off and the
insulation of the ring was iesid bare. The remaining sheet metal

had an iron sulfide deposit C.5 mm thlck. 'Tne funnel of the seal
ring was in good condition, ' o .

Converte 3, 229/554, 923 days in operation (ool&”gas tube )
not .‘Lneulatedg wag free from residue. Thes Alngide surface of the
catalyst tube was completely coversd with blisters the largest )
of which were approximately &C mm in dizmeter. Two round threads
Of the eatalyst-cold gas tube_and ns thermocouple protectlng

tubes were 1n good conﬁitlono

o Convertgr 74, ggg(u642 ”hs ocera 1on tlme of tns catalys» -
tube-was 581 days {cold ges tube mod 1nsulated), in good condition.
It was subsequently used-in the stall ag'a. fourtntnonveruero. - .

HOLD Catchpot. 331/E606, Operating time 8l dsye. Free £rom

resldue., The surface of the catalyst tube was somewhat roughenea°
The inlet and outlet of She tank had a slight deposﬁt The tank
was 1eft in the ata.ll° - o

ermedi te tchpot 5L E509° In30peration,1423 édayso
.Gontained some oili-in the botiom funnel which gould be removed.:
The catchpot Was left in the gtatl. . - ﬂl\ _ S

Heat Lxcngpger #1 826/ 1. with long v2A cnssu. "The
.Operating Time of the insert - 346 days, ka8 a hlgh resistance
in the outer pass... The bundle was clean. The gradual bend
#1585M, 120 mm inside ‘diametsr, made of N6, showed the wall known
small tonguec No cother srcsion had bsen observed., The neat
exchanger was stéamed, Tests for thrupuu and_tighiness were good.
it was left in she stallo

ep 48/185 81 Bays 1n,0perationi_had a
- nigh resistance in the outer passo The exchangsr was steamed,
The thruput and tightness were found good ‘Left lu the stall.

Cooll olumna 15 and #16 were newly lnstalled on
December 15. 1940, ~ Column #16 occupled the second position and
was shul down afiser 46 days of operation. 250 mm below the tip
was a-leak close to one of the level indicytors and & second leak

~about—69~mm—1ong-a&cng—the»wexde&fseam 25c—mm-beldv the first

- leak., The column wap weided togeilner av this place t 0%
V2A sheet. _ : : .




Column #is waa«tight and was reﬁurned to‘Operation,—

‘The double coilg #542, at &/l 81 ‘days uee. in stall 5-

503, at I/y, 81 days uee in stall 5

| 530, at 1I, 269 days use in stall &
were dismdhtled for X-Tay ana yals. , : e .

Of the two N6 Zig-zag coolergB #5 and 2L, used 269 daya cooler T
#9.was dismantied from the- hOLD“catohpot_pipe 1ine and taken. gpart,~
No-notieeable abrasion was cbserved° Cooler f21 was kept in the

'..The gheek valve. é2250 for the gzdrogengt;on gaé in thergaste ggg

—%X5 G+ -58—mn ~@made of N6 was dismantled for
kins° The lower part (seat) ‘and ball were strongly worn -
- arter 8l days of use. -These two parta were ecrapped

'~ The S, coil cooler I #343 and II #315 were remsaeuredo
- have %ot been yot reported ,

' The gasg greheater was shut off and the piplng examined for -deposits
and -abrasion. The 120 tube sectlion of the mixer part had an - _
asphaltic deposit up - to 1.3 mm Thick, .

Resultéiﬁ'

The 70 tube sectlcn 67 the gas part had an iron sulfide deposit- -~
up to 0,7 mm thick. All the tubes were removed, drilled and X=-rayed,
which disclosed a reducticn of O.7-4 mm in the wall thickness of uhﬁ
return bends of the 120 tube section. - (oee sketeh #28). . . :

: ‘The upper return bends'were sent to ¥s 823 for measurlng the
wall thickness. Decreaees ot wall thickneas of 1 8 to é 8 mm

~were>obaerved, R - - T T

Corrosipn, attributed to the formation of sulfuric acid from
SCz, and water-containing flue gases, caused an ercgsion of mineral .
1nsulationﬁ5ndAoi_nhs_surrounding_shsll with the formation of
" holes in the .shell the size of one’s hand, The underlying in-
sulation stonés {Kieselguhr)- became cemented 20-35 mm deep to the
side of the shell and broxen dcwn. The outside walls in these - -
places was full of orackso The insulation we.s repaired. and tha

DI'8IIICE gNe

“to the damage& spcte.~ The shell had tc be patched in this way
in 36 places. In addition, the explosion damper's were gone over,
The blower, whieh had been eliminated becsuse of the breaking-
off of the rotor blades at -the rotor #103 and -the destruction of
- the housing, was torn down, = See report of 4/18/41 on the .
" destructlion of rotor and nonsing, whlch is added as an appendixo
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Ihe biower Ffoundatlon was strongly.damaged by crascks. It had tn be
completely replaced., Ths fouudation«pi- wWa.s clﬁﬁzwithfshsét me tal
a8 prﬁoeculon against»ra31wt¢cn° . =X '

The two=neck Ilask {upright dewaﬁe _ng véssel) #3692 was examined
by the district office, comuressed under 80 atme and removedo

.Eha;gaa_oooler_nas*zurned_oﬁwuand zn tubes eaamined ror residusg —
The ccoier tubes wsre. 7eana : -

The outles _tibe. of tne feed coole" ‘had a so0lid residue up to 15 mm .
thicko All the rest of the tubes had-a sof’tz’:sslduee ‘The tubes .
“’weﬂe steapmed &nddrlllod and rdjéi”e»o The tnrqput test was good,

R b ¢ e

°ining in the _atall.. " ‘ _ . .
The piping was tested for depositions end abrasion, The depogslticn

- Wasg very slght;, with the l&rgest anount of i% in the 1lline betwsen
aenva:ter Iv ana the HCLD ca*cnnot with up to l 2 mm in thicknesso

Notioeable abrasioa was found onrly in. tqe ;ine cetween hsat -
- exchanger I and the prehester. The long radius oend 15685 M, of NG,
with a2 wall thickness 21,5 mm and the pips bend #305 SB ol N8, wall
" thickness 15 mm, have_ been scrapped (v. sketoh 3). _
grooving in the latter. The original wall thickness of ths bené
306 SB wasozl mm., The well thickness we.8 therefo*e"”educed by 6 mm.

-No stardards of comparison were available for the long radius
.~bend 1585 . The pipe-line wag reassembled witnouu dri-linpo_ -

The HOLD nge 1ins _wasg taken down and uastea for ab“asicﬂa

: No abrasion was noted in the 45 mx n,gh.p”essure section,. The
NG bend 45 mm 1 dﬁa rsﬁg waﬂ s’ign“’y WO, :
- On the low pressgre side, t“s following narus wore sorapoed
because o‘ weare-, -
80 mm $1gection t¢be #1406 (see s etch 4&)
SC mm ilnjection tube #160 ‘
90 mm bend uube, #1568 . .*-

-

-

— The following special ahapea were sent to e 825 for measureme1$
an&~found in good condl tions

e R — — R .

90 mm T-piece, #147}

90 mm bend #1851

90 mm T-piece #203Y Sketch 4a.
45 mm T-plece #1197

45 mm bend : &4




-———

~
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‘The 30 mm N6 bends, #411, 414 and u34 1n the HOLD pipe line
from converters I and II were measured and found 1n good condition
(sketches 4b & 4c¢). - . -

Ihe de-sanding gggg line of corverter*l was taken apart and
examined for deposltlon—and abrasion. - , -

: No abrasion wasg- observea other than that—in the de~san&1ng nipplo
of N8 and the inclined de=-ganding channel of -the bottom converter -
cover. The de-sanding ﬁipplv can net be reueed. .

- ‘The rollowing shapes wars - ‘sent for measurement to Me 823 ana
found in good condlition: , _ o

445Amm_benda,o£ N6 fa78) T T

SRS T ) 482 T
_ - - 483% Sketch 4c.
‘ 489¢(
490
- 494

The amount of salt like deposit;on ln the pipe xine of the
de-gander of converter 1 wds small. The argest deposit (2mm)
was 1n the horizontal srm-of the 45 mm N8 bend #469 infront of -
the water cooled valve, No salt was found in the pipé line behind
the o1l activated valvse (sketch Ac)o. Both valves were.free from.
abraaionso , . o ‘ ‘ :

" TAHE Stsll was e«mgeoed withy | |
COnv° I, #2570/574 1200 peilis] aiam°, 12m, long catal tube 580 daya in uaeo‘

conv_ II, #101/595, 1000 m diam, i8°m long;———t tube 299‘35?‘—1n_uae,‘
Conv. 111, #210/551 80C * " 18 ﬁ; W ,o% % gs2 e e

Conv, IV,#220/564, - 80C # m .18 W W m. s81 B M oE
(Kept in use)
Hot batcnpot #351/606 Insert 81 days in use (hept in uss) )

Intermed° catchpot #551/509 Insert 1423~aays in use (KQEt in uae)

 Heat Excn°-11 . gs4s/eb

“Heat Exch. I, = #826/61 546
g1 # P

g
i

Cooling Column_ -~ #15. - 81 “
o ] - e - _




NG double coil I/1 #550 - new .

ST L 1/2 566 - 540 days 1n uee.
swus .. II/la 521 1491 days in use.

N6 Zigzag cooler #21 reualned from precsdsng,test
N8 Co;locooler ] #402 i 4. 45 mmol_nsm,a..~,~-~~
82' (] ‘i- o . 354’ 4 o« 45 [ . fn
Check valye #2535 for hydrogenation gas."
- "The gas prehe ter was eauippod on % tne mixture and the £as
o passes with five 120 mm and feur 70 mm resp., hairpins fron stock,

A new blower replaced the one degtroyed. The rotor 114 was built
into the blower and a new surface coocled motor put in,

Princival Changes o

1. -Gonverter I° receivsd‘two inlet therrocouples #44 and 44a (44-a’”
- -a glass resistance thernometer), .

2, Converter II 1000 rm diam; x 18,000 m 1ong vith an elas ic ring
_paekiny {double cone) "eplacing the convsruer 8000 mm dianm, x
‘ ¢8 Q000 mm iong.
- /

_ 1ntske thermocouples in converto“ II$~ ﬁ# 244 and 244 Qo
(244a -7 glass resistance taernoneter): — .

o

The first coolinb column behind the hot ea chpot Tas elirinated, -
" together with the-gas inlet valve.and tne water cocled gas outlet
~yatve. Only one,sinple coolinc coiumn is kopt in frontof the
double coils, .~ - . '

—_—

The gas inIet valve on the stell wnll to the only cooling
;column 1ert 1n the stall has been ellmlnatsﬁ e

"The Wels automatie attachment to ‘the copvs"ter I de-sander needle '
valve has dbeen removed and tbo valve rebullt for manual operation.

:frlo double“coil I/2 was eonneﬁted In reverses “" T

The zigzag cooler bnhind ths hot ostchpot has boeh7féh§ve@?_

v, and coolers in the ez atchpot I'HOLﬁ pipe line;\thermocoupls
g? betw%sn the coolers. - : ' ‘ ‘

0. ,De-watering tsnk with tangentia* inle* pipe.

RS b e hgopressure piye line 90 mﬂ with 45 i valve with no by«pass,




Ly J

At the servico panel of: the told gas group the 24 mm velve with .
- the by-pass omitted in the cold gas preheater of converter I,
Bubblegas(z;onlet pipe line to the converter cold gas is omittedo

Lorizonta1~catchpot introduced for the gas level indicator of the
I-OLDQ . » - . Lo - . RN

ng connection, 10 mm, in the cold gas main.' - ‘
,6 mm Wg connection tewthe circulation pressure~nanometer eliminatedo

- 16, . Differential mnnometer connectton and analysis of the bybpasa
.. were eliminated° - : ‘ e o ] e

17,

18, Differential monometer connection and analysis introduced in the
) 80 mm pressure side. -

.90 zm sectlion side. . . —

le-—Analysie_or the cirouitlsuotion manometer_uas_eliminatedo«ﬁfﬂ

20§”—ﬁnalyeis eliminated in ‘the Ny oipe l.a.ne°

'2io Told gas by-passes for converters IIT and IV w*&enea from 6 to e
‘ 10 Mo .

The gas-cooier had e egnew'water distributor added with two
separate supply lines-and 2 direct steanm connectionso

Flushing oil connections for the atmospheric pressure pipe line
in the converter I de-sander between the valves,

_ Removal of mast fuel gas line from the net with two slide Valvee.,,
with intermedinte exhausting. o , _

Fuel gas pressure<releése at the burner 1ncreased from.so m: R
to 80 rmn. diametera" . ,

The blower foundation proteoted from radiation by sheet metal
lining of the pit. - : . '

- 27 On—the:regulai;i _vu_1Mhmirm1ng~@MM&mdmt1% S _¢_
” B‘gnEﬁrenteE%g§gchIegrtngei—have—been—moun*e ‘ <

—lipes igTin . teds
Oon the southeend needle valivs of the II0LD cetchpot a diegramfée:=;*”rf

chilled eaet bearing has deen experimentally installed.

The stall wae started.ray 2 at 6:50 Ao N
/8/ undecipherabdle,

W; M. ernberga
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Leuna, April 18, 194"

- ‘The- stall 5 at Leuna had to be shut down at 1 F.II, in
- March 29, 1941 because the rotor of the blower No. 103 flew '
apart; and in doing so destroysd the blower., The total operating
time of the rotor was 1480 days, of which time it had been used "
- im -stall S5 Tor 270 d=ys prior—to—its-destruction.—The rotor-was™— -
. of an older construction type, with no cast steel ‘cross rein-

- forcement. : - § .
Definite reasona fior the accident have not been disccvered
even after a thorough investigaticn.  The break may have started . :
-at the sheet fmetal ring at the blades opposite to the rotor disX: : - -
Two 2leared off scams have been found, which snowed plainly, that ——
they have been previously repaired; however, the place at vhich
they were inatalled has hot tesn determined. Adl the blades
‘of the Totor have been--stripped, which caused the vhole -
circunferéence of the disgk to become distorted, During the de~
. struction, the rotor was thrown with such a force towards the .
suction side, that the coupling bearings were destroyed. The
- sudden draking of the rotor eaused zll ths tongs on the rotor
gi%e'ofAthe coupling to be sheared off, while the leather--disks
eld. - - T e

. This accident calied for a testinso6f the whole accident
prevention system, in-order to avoid repetiticn of the damage

~in the future. Thils system consisted in that the blowers are.
.overhauled in each stall overhauling, with the rotor replaced

every time. The latter is ther send to the materials testing .
office which issues a certificate of approval from the main

testing office at Ne 15. The testing is done magnetlcally and - -
in-part-with-X-rayss ~ —r R kel - .

- It is however absolutely necessary that the main testing
office, after making all the necessary repalrs, should make
a dynamic évaluation of the rotor. -Such testing has now been
arranged, for with the proper authorities. The rotor is to
receive a stamp of approval only after thé rotor has been
adjudeed -perfect, and this 1s to be mentioned in the delivery
S _certificate sent to us, This will give us assurance that the
T "Totor gan be unconditiopnally reinstzlileds  The rotor—wiki bs
-~  installed by us only after the receipt of such a cartificate.

‘

e

_°./s/ Schwab, Gassner, Cron.
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TOM -Reel 181 T. S. BUREAU OF MINES T-167
Fr. 0€70C | - EYDRO. DEMON., PLANT DIV. |

. ‘Ritpide Hardening cf Piston Rods & Plungers

e R October 10, 1940 .

we ere enclos’ig.& zepcrt of Cctober 5, 19%0 on the experiences.

express réps that you will rlace-in our kends any replies you mAYy-
get from_the other wvorks cn this subjesct. - e _

gained wit%(nitriﬁed plungers. Ve are. sending you these with the

ve vwish to mulim sow? edditionel remarks: .

" discussion Loz taken plaee on tnat subject between Erupp,
the Meterial Tesuiig. office at Beriin-Dahlien, a- few representa-
“tives of other firms, and curselves; in which the grea? lmportance
of strengtih and propsyr hardening o{\the-base matsrials and the
graduel transitic:.of tha diffusion layer W ‘emphasized for the
.permarency of the nitriding. Yo have.stipulated ian this disc

R v -Pac y T Y > S Yy - -~ ! oy 11
cuz3ion. the preperniion and the experimentédl imtrodfuction of
tes: rods, We unldrstard th2 report was sent to you to deal with
thesza test rods, so you mey use them as examples o the most:

_ 5 J N . P :

razant conditions of nitridiag at that time. Ve have further

chzerved that the frictional forcas on the nitriding surface ~ —

should nod excesd soxne definite values becsuse the laysr would other-

wiss rapidly peel. Thia was the' reason ¥Ry plungers with the .
nataral censest pzciking have at once been found satisfactory. Our
exrerisnce cannot te @irsstly transferred to other op=2ration
“ecenditiors and the stuffincg Box cornstruction muat vYe used In our
ccnsicdarzticne, In this respect; the Mannsesmarn rods are less
eensitive. Commuricstions to you cover cupr experience with
ritriced steels of cld compcsition. Such steels at present meEy
e used ¢nly to & simited ertent. It might; therefore, be L
reccmmenced that *re recently intrcluced nickel and molybdenum-
free stecls sheouli te tested prior to your introcducing them irte
“lerger opgrztion e T e : S T

~—

/s/ Wélf?émThMaiér;;‘

AP Rterneng—— T LTI




TOM Reel 181 U. S. BUREAU OF MINES -
Fr. B6701 - 06702  ° = .HYDRO. DEMON. PLANT-DIV. = = _

. Me 803/5
: EXPERIENCE WTTH NITRIDING PLUNCERS

i Leuna ugrks, Octl 5, 1940

- The ceta for the mlﬂdie oll pump 803/5 in Me are:
o ‘Capacity: 17 UB/h

Stroke 450 mm

R.P.M. - 100

Plunge“ %5 wm, _diam.
Tw0o addition 1 nitrided pangefs hava been obtained from Krupp,.
K, and K2 ) . . _

. 1. Cperating seriod with K1 and K2,-46 mm diam., October
1937 %o Merch 1939 Bota plungers were installed-with WM 10% -
~stamped pac xing. After some 150 in 50 days, the hardened layer
beacame loose and-ta: surface becam@ so *ough that the pluuger
had to be resurfacei. -

2° ~Operating oeriod wi*h Kl and K2:

R XK1 - 8/20/38 to 10/13/38
2 ' . X2 .- 8/1/3C to 9712/3
- ,Ihe_plungarséwawe,regronrd unt2l. afperfectuvclean surfaee
wao obtaired ~the n2w. diameters procuced wverse:
Kl - L5 06 nmm .
"R2 - &5.72 mm
’-Thé lungers wc“e-aéain instaL“ed ﬁith a new WM 10% stamped

packling. Pesults- ' e =T _
. I I S E o e .

r Davs . 1n~€:abeter __Abraslon mm, f'l'Réésbnffor"

Cocra- Fhen dis- ' . - dismantliing

P;urge“ Bvth S ¢ion”  mantled tbsolute . Per-Day T

i . - T Plungefs
k5,96 .15 L 55,78 - 18 . ._l.2 . _roughened.
, S 00~ - T00 - Stuffing

- dox—desked.

L5.60 | 0.3 Same as Ki-




o 7168

" . -

' Duriﬂg the rcsurfacing the herdened layer was lost and the
"plunger was returred to Krupp for re-nitriding.

=5 ”ieriravAfl 11/28/3S - still running
Rz *’IT/98/)/ - 9/28/%0

The re-nitrices plhmge“s were Lnsta_led with the Merkel
tigrteniugg sci'% packing. Resu;uu,

_ ametei : ; T uiameter_ nb*asion hm . - Reason
Vhen—+t Yen dis- ST -~ . for Als-
Buiit - i ‘mantled Absclute Per Day mantling.

& 4p oz R 12‘ T o.o8 /Pacz;ng veed
SR TUU” - TI00 “up: The =

—— plunger

' could be

re -used’

P

“The Diunger sy no rough 10ness worth mentionin
_ ZE€ , g2

' Thne ‘s2=6nd nit{%;ed 1*”ger has alsc been runnivg for 270 N
days with %tThie Mer: DRIE LT ts %111 in use and nRas so far
operau@d awaectl - - : e '

: Re sults. ob,a-ﬁsd,v’<h_;he uoﬂojﬁ‘“i+"1d¢ngAmuvt‘%e called.
very good when cozrared with wmeasursments, of which we have mede
a jarge vambe-, on. normel case hardned aad hardened steel ‘
_l”nge“ Abrasisn with ihe lest named rlungers is on the average
about 0.23 per da -, 1T self-tightening Merckel pagking is useﬂ

10T el - . -,

" to proiect the plulzsr. o

- A-erit cal exaxzination of the tests confirms the frequentiy
maede expreriznce thzt perfsct nitridazd plungers possess excellent
- operating. gualities, but (ke aesurance_of the production of-per-—..
fect nitrided bearing surizces remaling yet to be desired. Case
- harderned plungers rove teen found €9 far more..deperdablie in the
prepsration and rrcltuge, bc ter results than the.nltrided plungers
and we have so fer given ilie case hcrdenedAplgnger“-preferencev,__
Nevertheleszso; addlt: na tsmxi 1 begm&de with n*triced plungers_

Lo oo

/ U derwri ters




:;: r’)"f'}_,'}_ 53 E:l\- - ca~§§;35: - *‘4*&11.4‘55
with “istor'rcas ang

Our tests with seversl nltrided plungers delivered’
*y_ﬁ‘uwnruanw for our middls -,iL'p.mps are shown in our report.
. of 1ﬁ/5’“ .° We have.used no edditiomal. nitﬂld»dﬂplungers since .

~
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-3»03 rods have 430$Aceen_used.t
m for '100,000 »’/h at 22C/250

_du heraened pistcn rods ave
zting_steam driven civculating
50,800 = 3 /a capacity: w;pb the rods
was “qulpObd with.ni .
zince 1937. A ¢ of _
‘“LWO’oz,these'rods Vaﬁ véen -
the surfsce was parily eroded
;00 oOver cme by egrinding within
mhg i i t"‘~él.kzz=zs beearn found

5 henﬁequ:pnmd with ring

ten months' .operstion. ]

tsr regrinding to 64,5 mm

tion for ebout 13 months

T oveérhauling ¢f the machine’

it was. reinstalledafter— -
igston rcds ordered from.

ey show satlisfactory
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¢. Crse Herdened Rodse~
zhn cise herdening method.
: ~ﬁﬁ'§—'ﬁ‘cmﬁeﬁw o maf’noés

E § We uss D,JD“S epared DY the Wanncsmann Drocess
g ¥Rll ax sogev%“_cu p veen deiivered from our s&cps case
 herdened in the iéLGT ISy . - - They have beer successfh¢ly used in -
&1l our m*lwwa oil rabp serubbing 0TI ptmps, flushinag oll PUmps
as well as in tnhe p&s ':rocess.-w-ﬁn cur operauing zonditions
&nd experience we"mug; ceneider doth procecses: a8z being of
practically egually good. (Ff greater Imporiance than ‘the surface

. - 2 e
- . —- —_———ie o :




- properties of the rods Is the quality of the packilng used and
the properties of the feed with respect %o quantity and nature

- of contaminations. -Plungers made in Merseburg were hardened and
tempered to Brinell nardness of #00-500. f R

Plungers of Chilled Cesting
.- —VYe may add ﬁnat some of our pasts protesses have for
years operated with chilled cast plungers. The results were good.
Ve also have used: 26 mm diameter lungers Tor middle oil injection
pumps made of chilleld casting. They have been found very satis-.

factory- with metal packing as vell as with self -tightening soft
packing. - - ’"f - .:.:T:—':~ S e ‘ . ‘— o ’

B
—~——

- Ammiskwerk _
' Merseburg -~
Schmidt S _
Other signature illegible

.
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rardeﬂed Plungers & Piston Rods for High Pressare
o Héﬂhines -

Inm fepgy ) yo&riletze - of ﬁpril 1;, 1942 and to su:plement
letter of Zpril 7, 1981, we wish to inform you as follows:

We h2ve not used in cur gas comoresaor units rods of materisls
mentioned in points 1 - % of our letler. _We have, however, made
e2Xperiments w*c rcds of chrdme stesl, . hardenable“eafbon steel
and niskel st . 0Only the hardenad rods made of the rel&tively
soft -Krupr ma srial E32 ONN, with edout ‘1% nickel &nd iron and
Wa%e~yraceu of unromﬂum “avm—oena—ﬁeaad—sat*s?acuc%y. However, _

sueh rods hag°vno“ been orlercd_oecaase.of,t%e long de’ivp“y time.

-~

Ctherwise w2 have bOJUleu 1y dsperted from tha sa-oﬁﬂ-
naprdsned rads in cur compressors pecaussz of thelr generally ;
greater tendency to break esnecial;v in the thresded parts {lar-
zar surface sensit~,¢-v} than of the commqply used SM rods .
ar-£3e Guthoffaungshd tt2 or Dortsmund-Eodpder-Efittenverein
mad” of union mechine coznsztrustion steel, a meterisl of lower
Imit of eclongstion thar has been used previously. The follow-
-“g sumzsery w¥ill give you the information desired. - The bcoster
OUPTrLBIOPY ,QTVQdE atm. snd the eiruulation pumps are Pitted
“Lﬁh nitrided p¢3u0n rods of tme Xrupp special gteel F.P.e
23 snd F.P. 12, stroke 45C mm, = = 60-70,.80 mm dlameter.

_MEisuon rcde are =11 fltted Wi th ring pacLi g lubricaued

widh T.D.AAL o;lAjcomnr ssor oil}. The pressure 1s 325 ané

700 atm. Qu: sxrerience with them was very satlsfactory. ‘fn"’
3peration for two . years.. Since 18386 twe piston rofs of’ ' -
Meznneswmann Fertundsitzshl hea,bee“Lua,“ in the hanﬁened_staue;in S
the pressure relseage mechines, diameter 120 mm, stroke 950 e
T{?O strokes per hour, fstuffing boxesn, lesther. sleeves). ”he '
rcds and the. stuf fiug boxes are very satisfactory. The rcds were . -
. 0T 2t 2li worn off. The izather slesves also opeyate on the.
- avertge one  ysar_&nd-longer {middle: oil\. 211 the plungers of

the ilnjection pumps £or weinaunol, 500, 1,000, 1,50C, 2,000,

and 3,000 1ited cepacity eré csse bawdened (5.3 fm- Qesp).. They
operate very well. PFor sometime Iwo plungerS';n the 10 w’ com-
oression pumps, SR mm aiameter _ 550 mm roke, B = 60—70~have"

s~ee*‘x made of material SII, case harden ed : S

- Do
— e

) 411 the u’ziﬁg boxes Bave . spe 'éx—ifp=packitg**‘We'have—-»
48 "yet no dena_on tne Z??E’of tbese tuff;ng‘boxas.

'Ammon¢akwerk Merseburg

mVo signatures(illagib1e§ )

& -
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- Hardeped Piupgers & Piskon Rods for Hign -
‘ F ' i T

res3aure Jompressors

1.¢. Ferbenindustrie A, &. ' Gsiseﬁkize?en,
. . . . e :::.—;f - July ) 73 1953__2 .

Below is_ & summary of informetion on-dimsasions, materials
and coerating conditions, as well as our experience ia the use
of the pIston rods-=nd plungers ia our works. Tl surface
hardening of thesg Parts and. Shelr resulting 1ife aznd wes® are
of prime importsnce. - E : e L S
, we give tha 1life of parts iwhich ware in normael cpsration
— . in uninterruptizgd use on May I, 1642, tfet is, such vhich required

no additicral work to be domrs to them up to that Time. Computa-

tion of averages frox the large number of simultaneously operating
parts would not alter the plciure peczuse uniform conditions-
" “. make operations during equsl énd longer times- probeble. -

. We have no%, nowever, omitied giving the data of the
esheortest and longest 1ife of psrts subjected to perticularly -

- great cperational strains. Esre sversge values wereg OLly com-
pute@ when a sufficlently largze nuxder of average results were A
aveilable. In 21l csses, the time giver Is for an uninterrupted
use of & pert. During thet time nc re-nechiniag of the parts
had been done. R, - o

Nets on the wear are almost without exception fozr the —

~ longest life. (Conditions aré shown in the coiumn marked "Remarks’.

' Cperaticnal cornditions effectling wveer which differed for each —
v " type of mechine could nct be given -In gufficient deteil in the
e pables - They wiil-be-Giscussed-in-the fellowiag-paragraphs. -

© Qur discuScion is in-the,créer.of the- quegtions iun your

letter. _ -
';f”“”ﬁ_fIT*?Nitridiugfﬂgrdéntqg;—~fkﬁﬁﬁﬁﬂ}Hﬂé%aisxxzéwiii‘ »1C A
nhardening are in genersi dependsble. Fowever, one occcaslonally
, ‘meets with wear resuliing from peeling or from insuifficlient
- haréness., ¥Facters effecting the adaptation of the. process are -
T T the price, availapility end the mmetloonmberof ttriding-es—.
. tablishments; the loss of materisl during rehardening end the
soft body of .the part. .The laysr-is only 0.15 mm thick, can be
readily pushed through, in regrianding usuelly loses very much
.hardness,_and—fs+trtten-thro&g§~iﬁ@rcéawﬁhichﬁare;ﬁa%zeat%ae%?~—~
straight. Vhen renttriding, -he dimmeter of -the rod Is Teduced
- at least 1.5 mm, - whick frequeniiy- reguires the puttiag im ol
ney stufling dboxes. Nigriding off=»s mos3t prctectiion againsyg
_eorrosion. B-widdie oil caussz conjact orrozion within the
‘atuffing Hox. o T T '

-
-




o cool¢ng vatexr S“illimg hoIes LT s

- Tman

., 2. . Autcgesneous Hardening: Autog@neous h&rdea*ng offer
the aavanfage@ Cf  _che&apness; the possitllity of perferming it ,
in cur own insiallations by 2 simple zand resdily masisred process,
and s greater dapth of hardening and. corresponding life. Deptih
of hardening of 2->5 mm may te readiI?—achiéféa and repested o
-regrinding may be done. Deper&iug ¢n the choice cf steel
sufficient hHardness can bYe produced and peeling-and crecking off
" of the surface zay be avoided by proper treatment. A comparison
_of plungers andé ‘piston rodas whem nitrided &nd sutogeneous har-
~dened shcws thzt the wear of the nitrided parts is mostly greeter
“Thus, nitridsd plungers anéd roés of thes circulation pumps for 70O
sné 300 atm. showed wsar a few hours after the begi aning-of
one“ationsquhich is not the caoe w#t? hardeaad parts, '

—

Au*bgemeous harcened paﬁts pos:ass a very uv¢form sur -
face hardness iz comperiscn with cass herdensd méterials. I3
is free from inner stresses ceussd’ bty ousneching snd these -

. streSses have resuited rapesatedliy: in “*eaxs staﬂtiug “rom uhe

A is @“equeatly desirable to anp;y a8 more. durable

~ surfeéce to the ususl steel 5C1i. The - “mprovement cbiained .
here‘mav-be—qwx*e~eovsider&bleAas;p”orea,Dy the hardenizg
of ériving piSuOQ rod of paste press in which the hardoess
vas increased from 150 to 210 Brireil,- This iacrease is
sufficient %o eliminaue the ffect of the soft packing upon
the piston rod. The process is egually well adapited for:
e foundation- coatiug under a hard’ chromium co&tﬂog‘ The com-

pPressor pump plungers shown 1o ¢he tablie nave f&iled beczuse of
outside influenees such as the placing of the piston rings, dis-
‘platement, » bicause of attack bv corroaive li ds such &3
phenol wﬂuer ani“B m*ddle oi S -

s e S o ———— e

3. Case H= rdeni&gA— Case“hardeaeu D’U&g’“s amd %ods have
not been usea oT-uss - - : :

%, Deep Cdse Hardeﬁing ’Maﬂzasma an process) The

*esui*s—ﬁy—thie—ﬁrocess~ﬂa%r%aa}9m-fkw—is ~gifficulit Lo produge .
~ a uniform-distridution of herdness. - Parts drilled for cooling
“vwater &re 1n danger of cracking. This results from the wmethod
of production an ﬁ_thereﬁﬁzetéagiée:sziiliagﬁ are best omitted.

o U5 e -y

:3n££icienﬁiv~gccuL_

Chilleﬂ-oast+ngs Allcy ‘s% eel Hard Chromlum ?1ated -
- Steel,- dardenadT-uhromea and 1 Naturally uarg Fsde*ials~

o=

- The exparience with zhilled cas: . p?uAge“s on p&sfé‘
presses of Maschiaenfabrixk. ?sal¢"~eg,were wery-satisfactory. .
They are consideradly cheaper than the Maonngswenn plungers Lo .
buy, stand up wbll o] ope“atzon a“é~&?e—§eli&ﬂredwwitb¢ut S
delaysou . i : e
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. Ths pest results for phenol water has s8C far peen Obtained

with ailoy stecl sonnit made dy the Rheingetell-Dusseldorl.

Their .1ife remzins yai tc'bo determinzd. Remainit plungsers of

the DEW in Krefzld of the zcmposlitlon go far selected have rot -

g8 yet veern found to -be vary corrosion-résistant and slso are .-
too soft. Testz with 1t are £2311 continuned. S ' ST

- The best rroperties for thenol weter pumps have teen exhibited
sc far by the rscenily dsvaloned hard ctromiumyplated upon hesl -
nardered metal. Their test iz larger numbers gnd over longe™ .’
cperating times-is &3 yet anzvaiieble. A hard chromium plated +

_ Mennesmann plurger of g paste press h&s“giyga>ezggggionally:goodiffr

. service.. ‘However, ibls pert made of.chilled castigg'iSTBisb"; .

-~ entirely satisfsctory. ..~ 77 - IR S —

- A test is Teing made at present of chirome steel with &
hard chromium cossing of slungers for phenol water. This
materisl is mecde with the ‘idsg that~g chronmium layer desired
for operzting reasons, dut not completely tight, would coet. -~ |
‘a b&se--&lréaﬁy»con;aining:chromiumgtahich,vould“result‘ing*"““’
reducing corrosion of such material. This type of plunger has
at present been -intended for the B middle oll. C :

- ’ggietpn_rgds"qfhall'ths CompPresIcrs, the .pasté—presses snd
pressure relesse wachines ars of hapd stecl. We mey =2xpect 0o -~
important improvement in tne operating properiies in the com- '
‘presaors, dut cie way hopefafg%ea$—%e&uatioafoﬁ;aﬁuiiing;bOXa:
‘repairs from heald nardening of the pssis press plsion rods and

espaciglly of-.tae ﬁressure release wechine plston Tods.

p=—y — ——

We may aumsnerize &3 Tollows:

. - Kitriding nerasning 1s one of -the regt prccesses for the
producticn of wssrprocf surfacee. Cece hnzrdening and suto-
genz2ous hardening have been found satisfactory.. Heet hardening
in particular Las been fourd = cheap Proeess in numSrous - - -

- “spplications. suprfaces can be cbtained by hard chrome plating
which-have the zams o higher wear resiiisirce &€ mitwidimg e
—excol v & spdness. Howevsy . the hesat:-herderning
" alone produces hard layers which have sifficiently
“pertieSifcr?prungers~aﬁd~p§§$g§:§gds of the toosisr COMPrassors;
. _;gaswcirgulatiqn pumps, rpaste rresses, compressors ané P ssibly
——— pressure relesco mechines. - uf—~=—:;—*wf—fa»~eé»nﬂ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>