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- . Raw liateriﬂ? Hiddle Gemn-m ccal. hich ied to a
' high lwdrogena‘biaz pa:ntfin producta, _

Diﬁicultiea ca.uaed 'by the hish ash oontent —(md a.nd cha.lk)

cafi now be overcums. ) e
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ndrogentrcacokec ER

" A %otal hydrogen cmzmpticin o abaut 170,000 B3/toc ,

- —~The hwdmzmtica u:nit is coupled with the mcmia. and mthanol_ L :

éynthesisc Gasproduc‘bim ror bo‘bho LT




7.5 The £irst coel .’hyd'r?gem‘."tim wc:rkin Germsny was put in op;er;a'tim

,

On.gina.lly 125,000 year ta*of mtomobile gaaolineo
. Soecn incrsased ©0.200,000 ysar te. ’
. Can be cenverted to.aviatic gasoliine: - Produces at pressnt .
aviation gesolime anly, and ebout. 1C% fuel ges. Septembsr productien
210,009 year e of amtim ga.solins plns 25,000 year te of fual—ga.s.

_....__,__———

N , Bensinatims v
o ?rossm: 300 Amoaphems -
Ra lla.terialr ~Coal with 83:5 Co_

S : —h additim, 10-15% of the productian Trem high tompcra‘wre ooa.l

cgalmmtszialliolds lwaymgg,__lgggh-mtioknock

-

‘ Utmlatim of coal emly 9o%° The inatamuea at present: bezng-‘ N
,ohanged to 700 atm. pressureo - R

'Scholven is the cnly works 1n which chlc:rine ie n.dde( in tho coal
.. chambers ae a catalyst. The chlerine corrosion an the cooling aide '
- is averted by asutralising with soaa in a secopd hot oatch poto e

At tirst oonsidorablo diﬁ‘iculties ea:perienced in the pre-hoater -
(in the return bends). uhicli-rosulted from. chlorine corvosion and ero-‘_ﬁ '

. sion and Were -overcone by improvement of materisl (emamelling of the -

- preheater-Teturn elbows) and by lowering the o o

Hal? the chlorine ia added behind the prehaate.; :m-ecuy 4nto tho first T




Totamean y%dmtion 90,000 223/‘9., .
Eydrogen -preducticn in coal genﬁr?s:car {505

_ linde process (30A) - |
m (20%) o T - LT s e
Bydrogen gas has been - foung %o ha less’ ecemnfoal :}.n B.nhr than '
'the Linde decomposition of cakﬂzzg ga.aes and the Hydrcgena‘&ion

Tha fu.el zeq_uiments e.ge net by {'.he Lirde residml gas, Ba:drogena@ .‘ '
tian effogaa, a.nd. resid;ual u’a.t.er gas. ;-
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gz_‘_b_e;gion a:b Ribernia. whioch :
part ot the- hydroganatiar

Ms Upca. cmpleticn of. ggg_mucn 73,000 & yeu/ta i

helf of it from ‘their omn gas, balance {rcm thowu o
butane deiﬂ:vemd from Golsenberg.

—About 8, 000-a-year/te is posaibloo S
gens Cf 5500 your/te of H-as 20% of amania

- Preduction of 30,000 yaa.r/‘te of aom as binder in the pro-
duocticn of tn:i.quetteso ‘ ‘Z‘he productim shculd ba extended to
-60,000- ym/ﬁeo e

. In cm‘binaticm wi%h ths - cokingx -
' Delivery of-ccke-oven gas, 28,000 BB/hmc
Hydsogen ‘and return dzl%vsz'y of fusl-gas.

. Cembinstion with Bone-Hulst - —— —— -

. The-delivery of ngm&m
—¢arbon content of 1.6 *ao— aﬁ_mtnm
e tO Scholmo B -

" Gombination with Ge]senbsrgz LT ' -
‘Dalivexry of— -md iaoﬁutane frcm Gelaenberg to
o Schclm for *bhe slkylatﬁ.ns inst&u.aticao ’
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RS ¢ ¢ S w@n md Hagaeburgt :
B Snbsidi&ry of the BrK-Industrie, 1. G,, DEA amd the Ebctmerkoe :

et - 0 et - . . gmm LTI UL i LI
1809000 yo te of a'd.ation geeolim IZ0,00G year/to. YMmbilo '

- cp o © ool

»

&mz 15% fuel gas . ) f a2 " Zbeu s .
' @pemtiona started .m 19373 - S -

‘—The—two a'beps ofmo phaso contasn diffemt oata.lysta in ths
hdrogmtion plantse bnt tha thimed ca‘b catalyst 15 eufﬁ.oicnt

- ture carbmisatian tar_fron
~ eentral Gem"bm cocal, which resulis in-the pro--
dnotim“ﬁ hi‘gh-—hydrogen and pararﬁ.nic productao : :

Eo diffioultios emcounterad, Gorcnen depositim bohind
the kot catch poto ' . _

ﬂinkler process with ligni mg_oke and oxygenc
_ Total hydrogen about 25,000 L

Are cu‘mmd. by the resxdua.l ny&rogen ga..ses.,

T W&L " About 30;C00 EX,  The current. 1s sapplied in S -
.. Bonlen Zren the neighiboring lod tespperat m‘m’nmﬂxgﬁm mrks R

7 of xmﬁ;W‘li@ite ‘coke.

' T!ié“-}warogemt:.m works in ﬁag&eburg “nge mm‘t fm the electr:?.c
power statiea in Magdeburg which fmerly ueed bromn coal am! -
is at present using lignits cdke.’ ; - T

“The- WW;WWW' S
benisetion plsnt & Esasn.ze..n of the A,,Sc - they ere hcaemrs -

—%———EW—Flmtsﬁ ‘.
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. Gesbemioation snd hydrogematicn Scosidered togother, indicate that the- T

lignite ccke produced in coking central Germsa lignite coal with a-water = =
" ccnteant of 55% and a tar ocntent of 6% {equal 15% tar referred to the pure = . -
. coal), is entirely used up in the hydrogen and electric puser proaustians
.. This fact was-of importance at one time, bscanse the digposal of lmxger - 7 }
T anconte-of excess lignite coke would have ceused difficnities. Beczuse - . ¢
-~ of the large-amount of steam drying, _the-ooking plant Is a large stecam - — '
- - ———— producer. 100,000 te gasolins- from 1ignite ccke tar requires ebout t&o - - —
rillicn tecgggm lignite, and a small excess of lignite ocke of sbout . ~. ' .
. 200,000 ysar te is produced, and in-large coking plants the éxsess of cur-.
7T L rept iz about! 8,000 K¥s - T T = L ST e
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glmtm mctad Lor tholmlrogenatm of tho coa.l qxtmt
e ﬁr&*ths Stinneskchle plant obtsined by theé Pott-Broche process. -;‘
The extractian jnatallation was not ready ard coal tar extract was
ted instezd.  Ths extractimm’ installation was plamod for
5090CD yaar te ottmetion prochxotian, :

Tt is &t pnmt mtended to nso the extmotion for tha prodncti e
of oloatrodo earbun. ; V_ - - :

| mmm 120,000 yoar. tc, of which- 305 15 aviation gasolins
: mm__oil, with an . additianal producticn of . ahm
10% of fusl gass - .

. _‘ DR .:17 _; . ) ;“
" Liquid Fhase 3st.ans
Vapchhau ST sta.ll

Premmc 650 ata. total presam in tho ]Jquid a.nd.
npor phasac P

vapor?huuismoopontedatapressuu o 600 ata, In—
. this mowtotmnddhoﬂfrmmuquid.phasoienaeé
for arcmatisstion with & apocial cata]yat with a aimltmoqna

T GOHW c:[rczﬂattcn for the quniwd W‘o

: m 1a not in usa; - m Special case, of axisaicn
.. of the circulating washing‘ht.m liquid phzse isa_apecial_
. cage of tqdrogm‘um of pitoh t¢ fusl oilr*" '

‘ m zeaidue 38 Bt sorked in- Welhemﬁmmdrm—offir—f;f!
mvedanddistilleﬁintheetmmtheworl:ingnpofthe
ccking wo» T

' iatio_o _Bo p@avi.aiax i.a themfm m&s for en a]kyla;bimx znstglla

tar which are particuhr];rnll adaptod for thoyroﬁucticn of -
lcw- ,highqn&ntymticngasolins C s o




L..mle installation for coke oveny ..,zz:i resadual mcganazxen e W
gases and Eg prbé.‘ao«,ien frca ecke Iin the Pmaseh-ﬁﬁﬁ#ﬁean’a gon- -

<P £~

© Sotad Bydzegen produstion shout 22, o053 perﬁm- o

‘5. :'

, 'mze m’dﬁzgemaum c:?f-gasea as. wel.;. &s ms.;.dual ga.sea of tho Lﬁzzde
" “decompesiticn. installction are used ?ov- Ahea'cﬁ.ag The exceas i‘wl
'_' ' gas is raturnsd tse the—adm oven éasc <. : - T

There is'em affme.tzm of the Stiznes. ceacam with & cddng plsnt BRI
~,thranghthauaeofcokewmgasssc v . _ k

_ ths hydrogenatic; msidne.-

A£PS14aticn with the Bans works #e | for éelivary of ao %o 30,000

" year s of geses, bydrocarbm xaeﬁhame = prppeae with’ cm avsraga
; _G ?&1&8 “ 106 . . _ _
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The firet soal hydrogenatica worke at 700 Atm. éem Pt In
oyarats.on m the begixming of - 1939. - .

. g . —
3 cmtmﬁon atopss o |
 1%0,000/yoar te, 200,000 mx zso,,ooo/year te of moter .

gasoline which may be comverted to aviation gasolinoo
- presm aﬂy amtion gaso.uno is producad C

<

—_—

. -Capaci BE0,000/year te of avia.tim ge.soline and
70,000 yaa.r te c@ Z'ual ges { &20530 T "

mesrofhighpmame sta.lls:-\i o

mgsnrex 300 stm. in the liqnid phaseb'BOO atn._in the
va.por phase T .
Hyﬂrogemtica ccal: !oung hwan coal fma Bnhr with 83%

o The qoarse. coal is d.e-ashed by the Sophis Jakoba process, . ..
7 the f£ipe cosl in the settling machines. In addition, 10 to-
155 of m—mtim is obta.ined from. hi.gh taapemmre soal

1

" The ocal praducea lov-ﬂz m-as.en gaaolim with a hﬂ.sh B
- aatiuhzocko _ o

| ‘rham wers orig:.na.ny difticnltios whcn using the Elo
saterial v.‘b 700 mu, o _

nets.‘mmmé%mh_
in azx’mtic dezag 3@6
755 o %io e ,‘;_—“ T

_'-.:7'7'29 recmessim: 3.0,000 1'&"/3’-3 oz 3-050
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Themquﬁrweats infuelgae are eagpletelymemdbythe :

- pesidogl water gas <f the cckipg Zutpaces, the hydrogenatian.

- cfP-gases and the resiaual gases at the Linde deccmposition.
,____ﬁ.nsxalmm._m_mma_z@ éalivemé as a fwlgas to the

Gelseabev'g Mining S‘txock Societyo ——

ke’ pwee mqni.tmts are lss,ooom._ LT
t.‘.an mar}:s emcteé & powax-hme c@ their om .

Boalkyh%&min:tall&timofthdrmhaebemcmd

~Golseaborz denwrs 1o the- Scho]:m alkylati.ng wmm@

Lfﬁn&tim of the nexdstem Gcking plant ot t!ii.s Gengern. -

- Delivery of coke oven. ga&fozl&,m Hzlh m m'tum 3
da]ijr_gzyefthcraslma.:-: '

e - - - t\‘, _—

mumm with maua.s, T

Denvery ct' S0,000/yea.r te of gasagns hydrocs.rbm o.t‘ an .
a:m:age_ c eam‘b of 1.6 to ﬁnls md return denvory
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émly iastalldbim fcse the wc._..smatm ef ‘tz‘ae lw tea;emm
mm%m tar of brow. coal, nsins 'Lb@ (e 'D.WSBQ - -

S.tart ef ope:‘at;ioasa En& a‘.? 193% _

’75,000/3%? %o motor mol:ine
3.23,000/ i: dlesel oil

" Pmames 300.2tm,

mmm pmpmﬁim—t@_m}?w (;058)—;13___*
. cae stép. with low but stromgly steggered temperatures (inlst tem-:

}omtma 300SC o 400°C). Practically =o omzki‘ng, cnly z-aming S

ﬁ:’.th pro&mﬁm ‘of viscous ...ubr.tcm..ngaﬁ.ls

Eium‘bsr of Efgh pmm—s%aﬂm-

520?%1»3‘1‘2&9%9 A
129:: the vapor pha.seazep
mnigfo@thedeegamfﬁmng

tica.my orzed at screwhat higx

p:ame in. this ‘case Diegel o:tl e.zz& ga.solias_ d.e- .

N ‘a.ndas a."ssnl tha m?:mcesa mﬂse&dm'ms
. *m mst«'b"py:aarso B _
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- ":‘.‘he 32 cmsumauﬁ.cn is vory lcts, caly 500 m3/'i.e mf:’ prsduet» )
~Zotal By -coas 'map‘t*on‘ta— arouad 2C;000 B’/&io_ -
32 produced-in a ‘f%inklez gezaei*atoz’ with’ lignite edke - -
Wgene

S

g3 prodwti@ of fusl gas hes been @t:’scipat@éo e
Requirements are met with {hs hydrogopation off-geses.

__Bomever. the gesificatica with TTH ig very low and tarely

, sufﬁicimt for thn fusl ges requirsaents anﬁ*a raaem 1:

Besinelinbmy St

B Abmt 30,000 m° 'merhava tha.tr m power atationo -
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s el gy“ﬁmzarshaz.l ocsxce'*nc.
Dpera‘bians st_raad in 194,0°

' 15,000/3‘98.. ’cs — shich 10,000 yem:'/‘be of Diesel o.z.l.
Ths OXpOT! ted wc&uctiozz 90,000/;993:’ tGo “

~ et ot ————
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x
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Coal t&r and netz'o..eum msidues (“pare.ffmgatschﬁ—mé“ S
EetrOla’M)o o LT 7 - .

N— - Somber of high pressurs stalls‘:r_ . “,‘ T

I&quﬁ“?hase—— 11— . - e :
; Vapor Fhese <! 1.

~

oA o ngp_g& ‘7QO atmo ST
% production oapacity a.bout 5,000 m3/h Lres = Hzcsouchs = —
the" sﬁﬁ‘»hssfajns aticnt —35 /i for the hydro= .

genstion proper, 2,000 /h fm the’ offwgas frm ‘.;ho e&.t- _

~alyst mganemtion.

m "uel geas mquirements avs met Ty the byd_rogenacica off-
gass . The deficiency is met frea i’&w fual gasss Lrom the e.d}cin

- ing- synth.esia j.nstallauicno S

L - ‘ .;A is;— T o
T 500 gﬁ dglrvered by the syaﬁhesz.s installat'?mo

B

riginally rma& for the joint ope&‘atioms tr"iﬁr
ogasin“ fvom-the asighboring Fischer ins%auatien
,of ’Ghﬂ,.g __}u was the imtention to ad;i.:l&e the By of-the "iogazin®

for the hy&rogamtim “&f the ceal tars - Homeys®y high prossure . i
oEpOTAREALS dn Indwigshefon-have showa that. there are 2o addis : :
siop effects, 1ho pure octans ruBkeT ‘of the Fischer gasolime -
- uems suppoged o o mfme&ty“ﬁs——‘ﬁyérogszaﬁm:gasglm ﬁa&_*

~the spec:;ﬁc grav::.ty vcmeﬁhat ﬂaisedo v » o

' af’_iiu%& ﬁz‘t‘h t:xc“‘?z.s ; ~=
;.'»'_'f_«neurolem mf:"..nery inauallatz.cfn, B




vmo m

Started opera ticn in the liddla of 1940°
Fozmdod k;z_f

o /teofawiatim
- A‘__ﬁ,,*,,m_lﬂ), yoar .
L Ahacrt 105 fue

SR .

; : — —A-———lcung—bmn—ceaia

Iﬂ.qnid phasas 4 for brawn coﬂ,

Prahrdrogmticn: : 5:1
Benzinations . -3
D@hydrogmticns 2 _

700ah.:lntheliquidphase
T 300 ata, mthevaporphase

50 atm, dehydrogmticn

- Tho bydrogonatim ®works- remhmm i Gt :
- and fuel coel from Upper-Silssiay "The ds-eshing inatallaticxx

. 18 not at tho hydromnﬁm'wo:ka but e.t the mines in L‘pper
; Sibﬂi‘o ' . - )

-The hydroganatim msidus nm thehrm eoalis usednp Ce
’as an additien ta—the—lssa Valuable ﬁ:ea.s

HzProdnetionz‘ :

—”‘*"‘* _ﬂg requimts: .20,006 /h froa ‘bromn co&‘l. eoke frem. = T
C e e Upper S{1ssia obtein @neratm ofe — - - o

citycg'so,ooaﬁ% arstes i _

, Frm‘ﬁha_r o hydmgenatim -gages—tmted in _32
- c"'ack;ma ﬁznia.ces of Z@,Oﬁc - of Hg/ @pgoityc _"_*




.~ ._ Pecsuse of ths high freight an coke, the hydrggenstica off-gas .
oracking matalla.ticn is very .eecmcm.gal,._in' Po;;té_%_z_,___ SR :

-

Sttems

About 10,000 ¥ |

The hydrogenation off-gases. aré worksd up for E, productica
in the hyarogensticn cff-ges cracking installation, and =iy
the residual water gas of the Pintsch ccke gensratorz is
‘available, The hydrogenation off-gas crecki =c6s im . . -
- T ..... ... . turn pake large demands cn fuel ges. There was therefors & .
~ 7 . “rolatively large fuel gap installstion erected at Polits.

T - &.ges production—each of 6.5 10~ heat wmiteie - - -

" feo-octene £ ' v
 12,000/vear te wader comstrustiee.
- 593000/year-te slkylate installation-under construcilam. -

ac?iliated with the geighboring lubricating oil plant of the
quddeutgche Eineralolwerke. PR . ' S ‘

The p;afﬁt‘&dé‘sﬁn‘ptﬁdepend“WOoﬁa' —It-mnat—be— __ o :
- shipped by waterways cr by railroad frem Upper Silasia (or Ruhr)e™ - ..o T -

Originelly PGlits was planned purely &s an oll installatiom. -
"~ 450,000/year te of gascline + Diesel oil were to be produced
" from the cracking residuss from Venesuela and Aruba {port-of —- --
- jwpértatica ). 100,000/ysar te coal gasoline was lator edded, -
" snd tke plant was laid out-finally in such a way that of the ..
- -6-gwailable liguid phase stalls 2 werc to be used for oil and
. tar operaticms, and 4 stalls for coal. - S

Politz 1s cemstructed cn & particuiarly large secals With o
- meospost to the tankage for crude and Linished prcducts of the

" _ o1l installavion as well =s for tk2 &istillation; and is a o
- nodel of ®lasticity-of the hrdrogeastica imsitallisiion fox the -
corversicn -of-difPferent raw materials and £inizhed produsis.




Eo Qgs .‘

Wsmtim pla.nt of ,he Rei.hswerke Eemaxm Gcering A,&.c
Pat in mrat..m “Octobe s 1942° . ; _

—Sopepityy

Ezpectsd produetian o conatmtica s:wp 13 .

150,000/ te autwom.le_ gascl.ma
1,0, C00/year te aviation gasoline -

‘ 'of~—'3iie cmstmtica amp 2: - T

R 150 000 te autmobi]:e gasoline
S ‘;:_.' 150,000  te avietim gaso}ine

therefore tozalr W,mo/mm ofq:rc&mts%gvooo/ym w
—of xusr"gas; —“:ﬁ; . o

__750,000-year $e-of ter-fror loo tesperat

— T ¢coal, Very -high phenol &ad relatively low—Bé tar.. 48 a result R
the qmlity;ordthehmtputas_higbm&_iammue_hamen__ﬂ, - :

. _that. froxcoalandthaﬂddfet%man ﬁrovm ooal Sinﬂartethe e~

R M“"”f* -
Kunbsr of high pmesura 8‘3&1188 TR e

~

C——

liquid phases  four 4-phase stails - -
o thy:lrogmtim: -three A-phase atalls
Bansinaticm tbrse 4—phasa sta,lle S

~

) ;Prcssurea 30b amc,,n~tm liquié and vapor phases.,

Iio peculiarities in the—tar hydrogenation . DHD mmﬁc&
_ for 300,000[year te DHD gaacline un&er ccmstmotiono )

e

Eé/iinklor genemtoro - LOE&I_EQ ccmamtim and capanity 80,

- ,W‘ ISt applieatien oi' preseure conversicmo

- T __‘?asme—gaa aethod—cf—ths-hzrgi; Hydrogmtim and c&e oven . -
VTSR T offegases.. The excess fuel . gas is piped out throﬂsh & gas main
'“jff——' - MG%&atn.} T A - e :




?mr p;.-oanctien 220,000 kﬁ, producsd. &t their ommn. poer statiom, = o
in e.d&itim a commction wz.th a 100 K-wolt. tmsmi.;sgiqt_limo. :

T ey

L Jz,oco t.e/yr -2 daphenoﬁzatm—ox—ths-cakem %4___,*__ﬂ’_
and hydrogenation water . , - |
M‘h&/m fm eo‘zd.ag gaaolme R = o

‘304_00()_@@/_71- TR : ~   ;’,““"<

— P

Unﬂsr ccnstnwtiéh is an a.nylate mm’bicn of capacity of
59,000/y0ar te- of slkylates. ;

WB@&M, the cakﬁnarmd hydrogenaﬁaa mm ‘bhe_eme_hmds._.

7T @milldoen %mfot crm - _ ‘
— -2 =million tom of sifted dust is” retumd o -bhe syndian.te,_? aillim o _
tan are coéked in 80 lurgi ges furnades and prodice 700,000 /year *‘*‘““'1“_1“-'

—wms‘,;um tmmlwtempéntmcoktrofthme.é.-‘ SRR

- aillien ten aro_ up in ges preduction in the Winkler generator ..
- and 0,9 milllon hthsmstatim,whichumth&tZaillim'
a—m—o‘btainem X te,  In the secend consiruction stage
"~ the coal from Upper Flos . be carbinised,a wal strengly layezed
- wWith clay. @na has tom_alemimdurms the designing the [ ...
- workse between direst browa ¢Hal hydrogenatiom or earbenisatich fole — -

T T lowed by*mmogcmttm—m-oomparim capged a deoision ia @
_favor of the hydrogemation of tar-at 300 atwm. against the ooal
bydrogemticn at 600 etm; beoause the energy utilismation of tar
 hydrogenaticn iz far more profitable in Erux than direct. hydrogcnaticn
of cogl, The total fuol consumptich/te of gasoline is the sape, but
‘an_excess of low tenperature ccke is obtained-during the h;drogemeim
- of tar which amcunts A0~ “nearly dne—!:alf—of t&m oonsunptimo e

—AZfilieticm vith gas distribwting syaton gad delivor; of 40-50 CL
m:mmwé of 11]:ani.nat1ng gas | {19 am,) - ——n




' The fcundaticn ef tho Rhine b@m coa.l :’mdustry star&ed
—%—oper&tmﬁugust”19klo .

.Gﬁmgz_.: : . :
T M B

it 45,000/yeEr te notm‘ 3&8011hé~__ L 105,@0/ te mcbmo]ﬁne
te Dieaol oil LT e year te Dieael oil
105,300/§ R 225,000/ymte R

or 195,000/yaa;r to avie.ticn gasolino

Bg_!aﬁm S

o B.hsnish brown coal frm opon cut sorxs itk 557- watar, 5% asho
Coal very high 1n ozygen Dol
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Difzicultiea: Great diﬂicultiea with fomtim of oaaiar

- {Cgl03 = bitumen), spherical chaaichoidal structures; and ﬁso————
. from Balt dspositian., These phenomens may Lo traced to.alkalinity
_and are olimiated chiefly by msutralisation. - They heve at present -

beem overcane by sanding operaticas and chemico»phyaica.lly by :l.n— _

jeet:.m of oilo R :

Bz requireuents about 75,000 m3 .A'

e e ~
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Pm&ueed from m'mm coel hwiqmms in Ptntseh—ﬂﬁ.deheand
. geperators, 18.in. nugber, as Well sa.from hydrogemation . -
ozr-gases in spntting cmmrs, 4 in mbaro _ .

-Abocat 5o,ooo B nB/h with e heatizxg valus of 1,700 heating
t.-nitslﬁaa . e

Bequiments mot- frm exoese lvdrogmtia;_ ot?-gas and ﬁn
m:tgasxrerm—semm T - :
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kmﬂo—eeeiﬁ—prodmed:a%‘ theﬁ*cm eta:hfm. -

fmaan end 23 tmdear oenatmticno

Bocauso of 1ts Locatics on the Hhine, Rheinbramn is intended _
%o be enlsrged for a productim ef?O0,000/ys&rte of oiland
51.-0,000/year te of gasoline" S




) | Fmaed mv tha Epper Silesiz bra&n coal group, Eemm Goering
works ané. tho s’éatec ! : ,

oo dmed

The start of qpemtim set tce 1943o |

240,000/ ez te of a:v:latiom gasolﬂne
- 260, 900 arte of fual a‘ll ,

:Cansiderable expansicn is foreséea. In ccmatzucticm' steps 2 and 3
. the pape Pmdmtim ce.pe.city iaw :I.ntend_ed. A AN

!om!g 'Bpper Silesis 'brm ccala

TOR Najn y\er

Eﬂe-&aﬁn—g atr the hydmgmtlan sm -
| 45,000 te hot tar faem nsighbm’ing coke ovems,. .

M__ f::;--_aﬁs oaohearj,e.hefmamtor tar. fm om_formaces.
"%&mz e 5 ﬁ,&_ﬂ S

Hmberc@highpreame stallax SR

T Idquid phaeea ' feur 4.-91:380 a’ta.lls — L
‘_ Pz'ehydmgenation. - @0 3J-phass-stalls - *

Bemzinaﬁ.én: - o _gvphase ste...l e.nd e 2-phaae stall o

= -t

_ _DKD mstalla‘biom m 2m,cco/yearte is- under omstmctim, :

: 700 ata. in 4he ldquid phese
T 300 ata, in ihe wapor phase

- 50-ata,- dahyd:egm:atiazz

Thefirstinsmlationtm ﬁzeloilfrcsbrmcoal g2inding -
" - ¢cal wilh Biddle oil, with increased thru-put i:r*aha coal stall,

-paste heat exchanger. —*'I'hm-_-pn‘b 67 ‘be/h of coal paste or thz'ee

tiaes ad ‘aigh as‘in“Soholm, , i ;“’

S “"atsl dec:uposi‘&im ei‘ “eha lmix'ogemtim attp-gasea”@nre a.ncz
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Tho seccnd cersTERRtl n pUOgTEn "’o:r:'eaees 700 atR.. p"esam'e '

.~ 4n the vapor plase £or mild. arm«‘szatim %o be followed by
| cpestsl cembinaticn sossibilitice with 300 and 700 aim. vepor

' nh.ssse 45 combinsticn with the -DHD installeticn, Eveatualdy,.
eiso vhiliseticm of 'tha liqui& phaae ﬁzﬁl oi.. m *‘Ghe '700 am—”

- L gas- passen—- . - T
_"**** ——Eg ?ro&notiwf . ' S
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o f_'rom B, requirementst 335’}?73{ (1,5,000) ‘
- The intended produotion in the Qem genem’tors usins the 7
-cckefroathoirmcak@m ,,,' o ‘ —= -

4 | 15,000 0 w3 of % From-the dac@soi‘%i& of ¢he. hy&rogmtia oﬁ-
R 4n-the is. installatim, e T

Retuzn—cﬁ Eg fea Hegde‘bmck 230

'Prsssnre ccnversica at 1l atm. is foresesn.

W@W mer—gss—fra memora m1 ba used a.a

fuelgam, o . “’_ e

_‘Zhem is in a.éditim rusl gas pro&
gmmtors with ‘bhemtzcal pr
'*‘—mtsjh 4n 10 unitss

fnand

Eo gaseous hydroom uiI?‘w v.se& for fael ga.so
tdms . C
130 000 kR at o mtors.

17,000 x¥ of ocutside power is zoresemo
Stean requirssants’ _8'?0%/}. o

A:&'ﬁ.lia.ticms of the *nydfogenatz.@ workes .
“hot tar znd low temperaturs ccke Jven gesoline of the _ockeoven.
: plmt I= hydrogenated. - The ccie s uged u;p—in the -px’oducticm
. ~of Bo, fusl gas ond fov POTOT .. Event
[ ccabination. pooeibilitica of ibe co&:e oven
= n‘aﬁiﬁa‘tion*‘ bz-:xmeﬁr
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Efecueé. because of the ghortege. 1n cck:m eoel a::zé é‘,e;ags
~ in tke condtoucticn of coke cvez piund; the higher %ar yield
~ 3n low ‘temperature _coking. The Upper Silesia coal -for- coxing
35—-?&1“2}‘7 ca.larly woll edapted Teoange of 1ts 16§ COESAg LeEpRTE
ature, whils Blecbhamer is to .sl-"er eaka 2er autcmo‘b..le
: gez:era»o:esa '

Wruers for lu=p coal (r_ut or btriqusttes ), i‘cd,uéi‘a%,'
R mﬁhwwfsz:m_of a bz-;q,wunzng plapte R
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not_dependadle beoalse of the large molesular mﬁght cvm "'sc \g‘ms sguilihria
- for equations X and 7 have teon calculatcd and tho cal lavlaticns shoen 4T ..n.a
R appezzé’&«as ma%llas%mt&m of%he—aatmsf—% v's:"c&zs—cm_naimth ths
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_ Re&gtﬁc&s 3, 2 1,9 59 & ami 7 ::réeood exothemlly f‘rem laﬁ: trrzg.’:r“-
: ..hm‘. 48 s low xolemlaw ﬁa.gﬁc hydrogenoﬁeh _oracking products are formed in
equilibrive, —-The organic solids foxmaticn asccording o equatice 3. .skcuid prc“-
8riy spesking proc-%& from right to left. The fect that Zorgenic-solids® are

neeverthelegs foxmsd Is eaplained byﬁig_o_msssv They either cre formed fraa .
: p&»icul&z “:;ﬁrcszncpom peris of the jnitiel ccal, o else by hydrocgenaticn
or -oc,a.,vzcr:.s tion =2 2 recuit of en inzufficient mmply c€ Bpo, I% 18 o’cﬁcs;s
~Zxcm the fact thet wuch- By e@.tm roectian everywhere_ except :in raacticzz 30 -

_‘L‘hwt ﬁ::frﬁz presswre; ?a'ill Paver the vescticas, S

PR————:

r———g

: T Fesmgtt apprwdm‘im ’omla to_:hho eapirieal renctﬁ.cn cauaticns
T 1 m«z”’ ‘.is f;c}:.emuical}y arplied bolowo -He must add to the normel inaccuracies
~ of the apgrotestion formaia the fast that-the so-called conventicoal chemicel’ L
- ecmtent: sremknomn. Lor: niddls-oﬁlrgaaonnar ote: ~(they were sssuped-to-be— - — "
# 3.5) ané tho heats of the rescticn could anly-be estimated., Shere is in &ddde—-
- tion a dorbt In the principle of-ths- camputeticn of equilibrisa of mixtures, It -
‘is-entirely prceiabls izat, Sor instance; the forsaticn of geses or light bensene
fragidaas takas plase 2'.?@ other parts of the raw materiais, then, for instance s ,
ths formation. of the organfe solids, so that this kind of partia.z reactiom wiiz ——
¢ ES uEpticn and hest of- Teaciidn, - Such breaking

dm of the rsa.ctica hovever cernoi be done at will, and. 1% has boen sssumed . i

- 28 a Zirst simplificaticm of “he/cmtatiuz‘,— that’ thé ‘substances mtia:cd in ST
uhe .,.f'st ‘bab"e are m‘:iforn o e, T

| ?aefculemo equliitria sve uhen chiained st 45o°cs L
1«% Comd~3 5% crgan. so&..&: -+ 655 ziddle oil + 10% gasom + 2o§ gasiﬁc&ticzz

Sinm -sexl ani crgaazc 261ids ‘sre- princ‘pal subata..ces, the equatim ia'
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ano:mt 6f‘€dal neod :ln !vdx‘ogenatim, meesea.t'y for the producticn of of 1 te
© . . of aviation gasocline. -We shell oall "heat efficiency™ the proporticam of the
- shomt of snergy o WWMMMMI gas-t0 the energy in-
- - - the coal, A4s calculated-hers from energy proportioms; it amcmus for the— ..
-~ . high test product of tho aviatia g&soline to L 27025

'*~-w——~~—!'ar the producticn of 1'te of zvia.tﬁ.m gasolﬁze+24o kgﬁ-fuﬁr
'~ - - ges the total amount of sote coel requimd is '.j T :
andthcheetmm‘sms ore

T L = L

. Gaaolina
Pnel(ha' .11,000 LI
Goa.l ' 7,20 ® . ® ;

—— - ‘ o

Thsra a.re 2 energ stmm in @.ddi'ticsx to the 2 am-sha&eé stmams

S R . Tha ezoass—of g'drogmting gas whi«;h is retmad e.s a me} ge.s ‘

c o " and is.therefore returned intc the diagram in the upper left. ..
' S "~ - hand cormer (the percoutage value is therefore enclosed in
parentheses).
: The--coking residue which-say- ’be—fmmsd wnder- ths boilero _

’ - Thorenainingatmmiﬁdmmloaaamms— Theto'aal
losa monntz to the difference of 100 = 27,2 . TR.8%

i - Of .this amount the proycwtim for. ths By 2
L producticm ) L 35o5i

' For the ccapression of Hz : o 8.2 % ST
\Thstis,totalforEg _ . T 440 .

Tho m:mrluurm distribu:tot (o> the' ‘aparatien of the actﬁa‘l T
WM The uninoluded Ioamm#qpmte& hgx:ixm_lly_imm S = e -
piotiré as well.as losses formed by “the bos ' fom z :

toa total eof

] Ths di.zgran shows therefore that losses incurred in the- px-odmz.m SR
af zom theMor‘m**‘m ths Tasy: tha‘t- zheﬁxast effi
Of f__‘__ﬂ,__ 7 . - V_.","fi_;': [

R Undar e sam éaditi.m—it &lx'e:zdy riees in ens tcmobils ga;olﬁ.ne -
- - , S . 289 -

R

-

- hmprodmtﬁmofam%im gasolina+fael oil_ntne 02’_%1@5@
. 7_of the two profucts of ebout 1 s 11t even Tses to 35, 5~;§W-'j—i—f—~~

- T - Tha B produoticn, taken by itselfg has & b.ea.t eﬁ’iciency in the s
wmrgas prcoess o SIS L . . :




- Theao lcw et eﬁiciencies of~tho proé:.c‘bian ars however .
mterially ixprovod when By is obtained by the e deccmpositicn proeoas, ,

© either entirely, when thera is sufficient coke-oven ges available s OF par-

: ti&]l;t,—wmn—the—mﬂ&ble_hpdrogenstm_gasas_m_daconpmw , _
= fhen hydrogenaticn is cnsidered hy itself, that is, with 32 - :

productica entziling no losses, the thermsl efficiency is 49 per cent,
“This would bs the thsrmal ezficiancy of so"‘ﬁ coa.l hydrogena:tim_whm 32
is bmght’mder 1 atz; p«essumo S

" However, ¢hen the heat officien"y of soft coal hydrogensticn 45
ara.md 3C per cent, we are dealing with a great increaze in ths worth of

the coal, and tho final production mxs‘k“not*m as e first step “be- jmiged
Ioom the -hoat efficiengo - -
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Target 30[4.009 =
Bag Hoo' 22.4,7 - Ttaw 32

. . Scholm, Jan 10, _____ 1939o< .

Su.,mr balance (on b;yarogeaation ‘£ide) at the Scholven T
ias%allatﬁ.m (S/t gasol‘ins and S"h at 2509000 Iear-n‘cma)' Lo

~ e , s sza'_s_omgf" -

Sulgar intekes v <
n)o 2%, dry coak/t gaaoline, ‘with' 1=oszs

t:»)0 Imp sulfur durmg hydrogmdm T
B, over. 505%- and 6434/% gasoline e
.. _Total S intake
- Bith 250,000 year-icane “and 330 x 2!.
- 7520 hours operaticm, 31,6 t ge.sole/h

8 oontmtsz -"i”—f_“v ‘ o
Washunterss: g e
.a) liquid phagse catch pot liquid - . |
— 5 23 h;_with about 20§ -
by—vane - cateh pod-ldquid
R —— :&’/h, with alout. w_gﬁs/hw_--,__;;ﬁ .
R hygogmtim ges washer . . oo

, Hmmaﬁg&ga—blo, e
- Kiln rosidue : -
) 210 kg/t gasolo, 1,58 8" o
S off gasess - - B
‘_ a} 33/21 ooal etall otf gaa, Inet st@p

d) 830 mjh ¥4ln ga ga& ,
. . 23 8 H55 /ﬂB— DR
e} 1138 53/’2 HOID. gasx

: 405 g Ezs/nB

J:.ghzags_ gaa ﬁ;th mr 8 g st/n33

W~ {eoal stell off gas, step 50/1 -
— {Girouht»na_ Sas, ’w 50 /13 : |

R -—-—j_ - P g

>‘.‘.";t'f ::_"i-‘ '::l; . ,, - : gA dists I !a i;i m —; : ._‘7: - ) ) h

with 20&~g~§%7§3, averasc _fl-




‘b) 1967 nB/h npor ph.s
- {(vapor phass stall |
{B aiatillatiom, mbs.nsatica. :
ﬁ-th 3601 g QS/ -
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This eqnals uthsn 2.9$ tha eunur ﬁrbake af995 kzo Abm:bzu kzo

Bgs,(h wore available from the high E,S gises. With a 95% conversica
. into 65.9°  Be-aulfuric aeid, 620 kg/h, o 11.,900 kg/dq of m

aoidrhmboen pre&uzod . - : ‘“‘*.‘“'.
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”ransiatic:~of Bittc~uevy'1n—9 ~~£;“’ TEg*sxés Possessi*n

‘Rsport of the Dismantling of" btall 306 AT

»JP?’O” te "ebni;déhg"the~stall into skhree stage oneration,
_converters 1 and. 2 werd blown cut. Wwith-nitrogen for the removal
of . ~ataly<t dust because of Indications they gave: of increased- -
registance., Taris proéeedurs appeared‘at first to bs successrul,,_«“_
(juaging frox the masurements -made at s azmosoberic pLessure, :
e ' egoluzmn 1 on the table below), ‘buc”aiff‘cqltie were met immed- -
.f—““””‘”'ia amy"npan—thafTesum ticn- f operations. [
L differsnces G ﬁ—in—cvnverter—ko—-z—“*The values o
'.in nonverteys 1 a“ 3, l .3 and 1 atm. respectively, were normal,
- _ The %totai diffsrence in the stell amounted to 20 atm. with 13w
— — —"— Anjection. ~The-registance kept—steaﬁily increasing -during-the
- - pperaticn periocd.. .uftexr a faklure of the current on 3/22/43 the
pressure increased 5,utm,_m3*e end the totsl pressure -difference
- in the~So&1L-&mea&$e& tc 30Aaﬁin It had, therafora,mbeen‘deciésd
neraticsns o2 the stall and,to“rebuilé tre converter =
esi tﬁnces ‘obtainsdé&.,. ‘ _ n:

b W
-~ S 5.5 - = T

,}b°c ause- o; he

. The comtrol division thereuPOﬂ measured aal the corverters'f”””
uuder atmosnherl pressure.:_ c T

bCOnterter At Ll sta*t of ths Qperat;on Period After suspemdimg

e A - " , T OperationS. — - -—

“,; ' mm. Na*er coiumn mmg wgter'column S

o : L 120 T .
_ L R 72' ‘,J-‘ .

) : oL .

: The resista:ce o“ converters 1 and 2 wag too high, and both
- were empiliad.- dhenﬁthemconterxer_operaiigns Were suspended the

 catalyst in converters 1l and 2'was 511 _days oid, in conve*ter 3--';\
205 days old. 1. 2were emptied ¢o July 31 anmust -] ge—sss pus s

—without any difficulties and refilled-on- Au835$A4 and_Sth_ﬂiih_
the sams xind but well sified cata]yst, , . .

, - Dur;ng the emptying of converter G mueh dust has been found
ij*‘——"tn'+he‘upﬂer vert. The—dust contained°. - :

T R
40 91§'Iron

R 26‘8’056 sutees
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SRR Inside converter 1 (102) a larger iron-sulfur deposit has = - -~
__been found in the catalyst tube and ym the _charge. In converter— .-’
2, there was a heavy caked layer of catalyst; as well as much
.- dust. The decomposition of the“jcatéiyéFTamné"'formtion‘ of . -
the layer comiected with it mey- have -been caused by a. temporary -~

infiltration of air in February 1942.7

T e No_diniwa-s'_'fbuﬁd in 'diéma-izf.liﬁg the thermocouple openi g.i,___ B

L Fesistance of comverter —
of—converter 2 (1020 ] '

.77 . " The .control divirlsi‘dﬁ’ @gte’rﬁine&'”t
. --1:(2017) to be 33 mm ' after refilling and
-to0 be 80 mm water columm. S

——

o Heat exchangers 602 and 601 were replaced with 611 and 623,
~ _ because the tube dbundles either hdd an increesed resistance, - R
——or were not-—tight. The.preheaters and the pipe lime-were clsened., _
. ''_ The Fes deposit of the pipes and hair pins amounted to 0.5 = 1.0~ -
. mm. _In -addition, :a system of 70 mm valves was added at the inlet .
__ - of the gas cooler %o detect aoid formation during operations. -

.. T Y. -° .7 " “sigpature not decipherable.
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Ltzbzkem.ori'&‘_Additﬂ on of sulfur ispade occas:.onally

' T when low & salfu- injection feed is used; this

- 1s dons by ccnducting the sulfur-rick Teircu=- -
lation gases from ths pressure- -side of: ﬁle
liquid phase to the suctica side of the:
c.’zrcu..a.tion gases of the vapor phaseu -

ks - amlfu. Taluss ..n‘tae T&por*phase circuit
" Thave rocently been greally increased by the™
use of o high-sulfur vapor phase. injection:
foed, - Ho defirdte information is as yet

awe ilabla. A -
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[T S 2-5 e, ST

o ‘rhe effect of the cqal throughpub and of the ccznpoeiticu of. the i
vehicle oil, in farticuisr Zhe effect of different middle oil contents
" 4n-the vehicle oil ras been 4egted in smell scale experimsnts of hydro- -
“genation of coal. In-%he course of that work :aosdhilities hie¥e been -
'shown of incrsesing thethroushput through the converter > when producing

B jneavy ol together with middie oil—ﬁaeprope: Andustriat-detail for — - - -
' the production.of. heavy ol had to be develo;:ed first on a sosni-—cnmsr—

"-:~~ci§1}_>lant SAN . L DR T

__ 3 The Uppetr -..les:.an coal ‘ient rsselfﬂeaﬁili t-o the' stu&y < pro:‘*
duction cf gasolins, middle cil and heavy oil at 7CO atm, in-a l 6 m3 o

- “converter and tc relate the wesults with the s;nal'.l scals experime
R liter comrter,, — ' - , . o

B “ T Tn additicn, ,..s"-w te beg:: a‘scchsrge wes carriw cx‘* succoss-ully S

- T‘ze fo]J.OF‘ a:@erimsn%’.s s amoz:g -Ouhei‘ﬂ 5 ware. carried outs

Med cosl (Be.rh‘re a:d Heindtz collieries, l:l) wmsre hydrogenatad to

1008 gasolins plLa ddls ©il, to 65% gascline plus middle oil, - 35,‘»-....«,
- heavy oil, as well as to 50% gasolire 4 middle. oil 4~ 502 heavy oii, in

- parg with the uszal iron ca al:rst combinztion, im part with sulfurated ..

_Bayer mass togeti:ew wtth ivon cuifate and_ aulﬁgrs“ _The Eeinitz coal

* has been hydmgenatsx with the isual ::.rsn— cate..yst .,o 65% gasoline N

middle oi__+ 35% hesvy oi..o _ S

7 7 . The most imuortant ?esuitn.nc bal anées a.'t'e sted ir. toa -ollcm-’

.ng table:
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. T heavy . 0f1 , / '
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S Tha ::.gures shcw, ‘that in the pmcsss for 65» gasoLm ?-m_.aalaa ‘081, 4 -zea.vy R
i o RAE 'Ee seme gaseling -}- middle- oil productioniis obtairsd: {mz&* -as-in-the proceas- - = -
PO Y002 gasoline {-micdle oil, ard in additisn, heavy ol with a througbput of 0;13 L
1= :n-oduc.dg In the process for SO%F g=solirs 3 micdie—oiT s 508 ‘heavy oil the cepe~ -
, city for he pc’e:ﬁy oﬂ 5.8 .a.ncreased at the cost of_ge.sol:.m and ;.uddle oil ;eoductfona B
— S ﬂo advqantage“has*hew found“"ﬁ.e substi‘bution of sul'.i’urized Bayer masa as a
j~‘r:catalm u?c* the z.eual Ba.yar masso — o L T T

T *“N. e“zwxi‘tz—coai‘xl‘orm ﬁmm&iymﬁhaa‘me ;.:Tz:ﬁxﬁure ot seutren and
Heinitz coals.. 1/ R R

.../ Gasifi\.ation values are- somewhat? tmcbrta:m@ o




o . Curves, sheet 1, show the results _obtzined in the differert processes ;
=i the 1:1 mixture of Beuthen and Bbindte coals., Compariscns were ba=ed on
~the propertions”in the o1l production. In the proceasss for heevy oil Tro-
-duction the utilizsticn is somewhat lower than in the process for 100% geso- =
- —1line-}-middle oil, The higher throughput in the-process—Lfor -heavy oil incressses = - -
the asphalt content in the H.0.L.D. A limiz to the throughput is given in = - :
) the normal mothods of utilizaticn of rasidumss, i eentrifuging ard -kfin cper-.
- ations. The maxima of 17 — 18% asphalt in E.C.L.D. obtained in the semi-com-
merclial tests could still bs razovered by the residue utilizstion methods. 7
without much troubis. Gasification referred to the oil producad - gaai::_t—énéﬁion\ ==
1s naturally lower in the.processes for hgam;o;l_pmdumon_thm_ia_thc—m e

A .

Fiete break ‘down of the 2iis %o middls oil, - -
- - a L . B oL N
Satx —The CHENBE Of thE gasoline e TOCEB8 Y0 the heavy oil fg -
- - done by using either = mixture of midd’e and heavy cil, or else of middie ofl — - -
. .- 8lone, In the dilution during cemtrifuzing, against the use of Mmsavy oil slone =
~'=----in-the process for zacolins & mfddls o3il.  The maxim um convertsr tempezaturs
. is practically the same in all the processas. e el T

- L

P Tiie».tes‘.bsvg}a'v-’a_ "che—~f¢?.lov.{i;;é principali resu.’..%sz —-ﬂj‘*ffﬁ R

779 high throughputs used in the heavy il process could be mastered with mo.
T Aifffculties nor hes e pregence of middle ofil restited in any complications:- o
e | in-’ the_vehicle oszlc - .“ ] ) ~ .:'._ - A . ) . » 4._. '-.' . - “—_."..,_7,..,. V

© .77 Abouk, 60% of surified cesl in the form-of 42% paste (32-33% pure cosi)- . - —
-~ was hested by heat exchange through the temperature interval 250-430° using - |
T the hot mixture of ¢he products and gazes behing the hot catch pet.- The heat ...
 transfer numbers remained practizally constant in the -hest exchamger with -
S ‘this concentration of sclids durinmg 7-weeks of unintorrupted operstions. ~Ihs -
e - .concentraktion of-sclids inthe Taste vwiaz ralsed for & short time to A7%. This

' concentration of solids has caused & disproporticnate reduction in the .heat
... transfer and introducad the‘ecfdi‘ciona.lh__dsngejr.,bf'fcmti'qn of oxcessive pres- -
.. “eure differences.. Diemantling of the heat exchanger has shoxn no Lormaticn

-of deposiis aither im the Zorwerd or in the peturn pas8, . __ . e

) _ ) The dicmantlsd apreratus kzas shom jzbrsovar _ths"folldming,:" the incrus— -
wiop—in-the halirpinsof tho ot ot the oold DaZaes ware normsl when L — 2 mm.,

ﬂ”“ thick. Comtrarywiss. sver. in t¥e reletively short period of use, the thizd _pa.s&'_" '
. \uxick pess component) hed § Zairly heavy imcrustationm. It appears That the -
- . dow veloeity (0.7 za,/s:;cl)_ at that viscczity is the primery ceouss _<>§-ihc;‘-ustatipn':“*f“ '

- 7 e —————— ,’ e —— T

=T SENGy T wes TiIedvleh Tine coaim;rgrt’s:—————:_ e
Ko 2-was- &1 ~The imsidesof The hot catch pSY was found upsh Gismantiimg =~ . -

- tobe inpérfect condiilon, nor were thore coke deposits in 4he fumnel.
N v~ ) 2 d 2 oy h - - - - =2

..~ ... HNo imporisnt-operating difficulties have besn jenco;mteg g in the gmd- -
. 1img of coal, preparation cf pasts or working up-of the residues, When puremiddie —
T oil was-used as a-thimming oiidn cermtrifuging =8 'Ifg:‘;t“zs’smlt precipifezion.

was observed in the sonirifuzirzg.
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1) To adapt in “*"ﬂot pla.‘f operauiona he pmcass developed in
- - -amal) scale tesis to %hs. production of gasoline and fuel oil -
from coal; crzating the foundetion for designing the hydro-

— ., genation woTks a’c Blachhammer by utilizing tho U'p 1leeian

coals as the TEW ..a.t.e-..also
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v..ng bnrners, ﬁ.ro box cf 'bhe Ludwigshafen syetm, «

" 3 hzat pasaes.

. 'Haao pans I: . Preheating of the tnin Da.ste, 4 haig-
odns, 38, 45 mm. dia., 7.5 . length of leg,
Pa = 22L &P, FL = 8.6 »®, .

Eeat p3ss II: Preheati:ng cf themcxc paete, 6
m, 14‘5 Billo diaog 7 5 Me long, P8 = j36 mz
,_?i 12,7 2R, -

. 'Eggi;_re.as III: Pinal preheating of tue mizture s 32
- .

. ’ o oo B mmms, mm Qia

30 *Beat‘amhangmr——"3 aeat exchangers Io*- ing of- thin pasts’. — '

I Exchenzer ¥il: .600/850 A1z, , 12 m. lons, 30 tubes.. ﬁ_
— - 3 e & x ll mo long, €088 gection of streanm . T

,—:1_? 23:5 e, P 5 e &verags?ﬁa_atmg aurfac"e LT
.15‘33 e, i ] . __u . . -
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2 ,owerters o R -
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Cozb‘.red reaction volm: . ...96 m3
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: - T - L —— /l R - T
$. Hot cateh pot: (_“' : onmel cunstructé.o-,, 600/850m ds.a,, 'Lm,-lono, R
o A ' Total voimmd 540 Ay capacity -of fumnel 57-14.. — .

T Promel eooled Witn ges; hot circulation, she -

510,...0}}0 intz*dmecrover the edge e" the fmmel

_Lumawwv& L Fo ':&zle&ez.—both—v&th—w _
+ZeBe oFf 24 mm., 35 m. loagg 71 mm.z ‘Tibbed surfvceo

] 2 Stare Goolers conrected 45 peralle .‘.;, eath WERh 10 oo
. - - S%ages, total cooling cur’ace &3 m2 the t.hrae hot— '
el test. stageamac.e L3185 : = ..




" Hordzontal 700 atm. product eatch pot of 400
- Iiter capacity. - A horizontal 50 atm. inter-

. mediste vmssare-*eduction veese; /K00 liters
capacity. . -

mu‘a of valvas &rranged as. usua...a ‘
Circulaggg gas serubbers A double jaekotedatuba» -
inclined upwards, ﬁ 2, 34 mm, dia..,, 50 . lonbo T

L Wa«*m- aa*nhmt zte::tical, z.oo liters capacityc

Circz.laﬁ.on gas cil 1 scrubber &.0/900 e, dia,, 5850 xzzm. long,
- ‘ filisd wi't'h Raechig rirgs.

8.00h Eé lla,s m. ItBo X 35& MO J-Oﬂg,

55 FE vy capac:.zy.,w e T

AU -

1%, E.0.L.D. Ime: - — - 1 Mr Cooler, 24 zn. .n 29 £ 1ong, 30 m2
e "— —  ~— .~ ribbed sumfees, . -

2 variousl;f operated <,mu;:‘s of val"es 3
tn*o‘-"tlizzg valves with 3 zm. noszles; .-
T -2 H.C L.Do conta..na"s, each 1 3 capacity.

Cold gas connections: _' In £ront of heat -exchanger III, in front-and.
< 777 .. 7 in the converter, in fromt of the moubrali-
R zation tubecaumfront ofthoﬁ O.I;D ’

o Ir the furnel of the hot ca.tchpot 5 gas was
‘”f — —“mectvf*hnmlet “gas behtrﬁ—the“hsa. .
) ' _ mhanger, T , .

?rééh gés:’ A : : Add_.tion beh.nﬁ the mfessure ﬂ.ask cz he
- T circu}atﬁ.er pEp. . .

le; -‘Cold oi.l conhections: -7 In Zrom of corvertess I end IL

: lbr—P'%paratioa—of—%hin— hh—aaetwas—brepa*od—fmm—tne—ﬁﬁ:ck posbe———————

. , S “the eenmtwiftge oil on the high pressure side - — -
hehipd the pumps with no special mixing installe~ =
_ticms. The mixing distance to tha:gas inlot wes N

abo:,.. &0 mc-itr' R

3 Coal Ggadgz_zg Installation e.nd 7P>astin=' -

- —‘i’zxe'cnxte cbal dcli.vered @scm tne coal pile was ca::ried cn a corweyo
.over a magnetic separator of the izpact mill with rio scrsen to a breaksr. -
vmhed-eoa—was—thm %z‘ozg!'t to the tmwmﬁaaa—fmm—twrswm

T T e g - —

o "'\‘
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Lo fhe i’inely grounc. coal, still moialg nassed uhrough 2 Hil:mrg sca]:e e.nd~
was then J«nrayed ina pugm.ll Qacerschnecke) with 50% iron sulfate solution: -
{cataly heated to 60 = 80" and mixed in-a-screw conveyer with the soli-
tion.  Coal containming’ :tout 1CF H50 wes next dried ina tubular drier heated
_in an etmosphere of N2 as a ¢ircalation gas with 4 atm. steam to”a water con—-

£ of 0.5 = 1%. The dew roint of Mo c:.rculatnd by a fan is lowered by spray-
ing water in a Horder waster, after depositing ths entrained- coal dust in &
-cyclons, . Dried Bayer mass {"red mud®) end °uz:figre.n (catalysts II ard III7 S
- are added Lo the dried coal by way of a p*opcm;loning feed into the. zron“ part '
ST of&second pugmtn* - .o

""he paat:.n,:, Wi 'ch oil fallcws the add.t...tn of the ce.talyste in =3 'rod mill,. -
with the coal added :o-“he ccntinmus%r re-pumped oil until the desired coal ...
‘concentration has been. abtained. The pests is ssnt to the pumps from the ceal

- paste storage insteliatice threush an-annular pipe-lins. -~ Scresns—{pressure 24X SR

tars,) _are built-dn in Proxt of tke storage vessels amd of the supply pips dz:s. e T

The doublse scresning. cf the paste was made to exclude the difficalties reeultizzg e
: 'rom the presance of” coar3°r na.r't._.cles czm-ing the hest exchange - R

p=s — =

Catchnot Dia‘bi.h.at:.cn Sl e S - I ;:_L R

- el :ﬂ-,.,-,-'

. The kiln off 15 Adad Yo the” \.ab:hpoﬁ Zeed pricr o d:f’tmatz.on which ™
“is macde in a columa 22 ., high .—_zzi 1 20C mm. crqss section (the deameter of t’w
lcwer narrower part .;s u=C L Fe thich wes.joined & side- column 6.7 m. high
_and 600 mm, wide for ko ,eeparan*‘xz of gascli"ﬂr Toe eolumm waes stbdivided by |
céivision plates which were Ef.llec with Rasehig rings of 50 mme disn*e’cereq a.-.bo‘lv
320 kg of steam was- ..n*w“mi with 2 }:290 kg:, o&ﬁ injectionc - o

',—,\-—\

- Dé T:oﬂd.nu of Rss:u:us e e

3 ”Centri?;‘uzing““ ~-

SR . “Phe-#.0,L.D. -vas col_.ccmc and hcarl;s,r siohed aPter its p'-evsure was
__———*.:r-ougzvdov’n, It wes nixed wiih o dfiuting’oil by wmeight in the Wiege misting -
tank, The zsady- cenﬁr::. zZe mixbuoe was thsn pumpad in storage combelners of -
the centrifuge unit. Foom these tanks tis mixbure was sent -r,’-zreugh a jJackstied
ipe line where i% was 'zeot,ewm stear 2% 20 atm., then fed into the baskets
of the g_emtrifugesw At the cud ..s‘b of trz. -mrflc‘a tank replacsable screens U ,
(0.25 mm.) were placad. The-canbrifeging was done on Laval. centrifuges cfthe :
_ mog; recent construciicn gwimm z'.,po‘..o 3,_003 The m..xture was kep% &t 160 -
- 3% 3 3 < midat ' s
: ——"——ape'r-ating Por gasoli..a_,_fue}._ou, {w%’x zﬁddle  eid in A the ai...ztion cf1) it was
—==_r_..__ beated to 140 - 345°C. In elthor method ths amcimt of cenirifuged material did ‘
~net ecual to the ‘wz.....:imdm* oo of the H.C.L.D., and periodic ops’ratica were -

e T necessita sd, Fhe tarv-put ’bh??@"x tne cant”ifug"sma@ 3_. 3 3‘%75“'

-,

U — "““V-"‘."‘ tgi'_};"ﬁét‘,:,,z‘; = “:_ff_' e = _- - _J - _,' i—-v'm—-l_»-{;i __~ B - - vv“ '_':;,,'L e

‘ _ The distilliaticr of the residus from- t,.e;—ce:.t:ifn% wag do-se _n“e‘ye*ﬁ-
T industrial-ball kiir- (a‘ﬁgb}bi’sﬁ CTre KiIn drust was 9L long” end 1.5 moim

diameter. The sepersting wall wae e*:he'xaed to within abouu i m. Trom-the out-.

__let_ ez;dL_In cperaticn.a for fuel oil, pr ucte uovzts,‘.ninb m..cJ;e o2l ware - ~




dlstz.lled and the kiln war fit Led. *nt ,..t en electz-ical pressure p'-aheatem s
. the same kind as used in “he v3 pcr' ;:Ezase prcheating. ‘It ‘consisted of 11 verti—~ -
cal Mé tubes-30 x 48 x 10,000 mm, long. £ de—compression valve group was lotated
between the preheater ezzd the st11% inlet (the usual throttling velves; Patronsn-
- vyentila). .The still wes 1...& wigh 98 sh,.rpn-edoed jmpzsting pieces (elght weigh-
'ing 2. kg.) end 103 oalkls- {33 Rz, each). Normally the still was cpergted with
2 revolu‘,ions s wth 2-cha ce -t Cov .ble sbe aumber Bf%peevolutionsy’ K% Teshieated
4n a muffle was used av’ toe-Gushing gas azrnd was.blown in abt the cutist end. -The
___px‘ehac.tez- was orerated- st 20--_& Rz “She feed Wossheated to 230 - 3809, Trith "OO -
- . 1,000 kg. ‘hourly 31!50"’“2\.01.- 20 —ﬂxq m'*a Lot edw fom the™ prehaating -end- £ ti:e
rax:vcl oZ the ga&eug_ ' '

‘e

"4t the.end of . t::.e “;,es-a iho_astict shibe of the s‘i‘ﬁ}.... wag replzced by a
s&mls outlet tube.— EF *m-ﬂmiuﬁmﬂﬁm%tmv@&m”for recd sube
(wertical tube with & 20les il - 24 mm.) i a thin strean Irnte 2 girevviating

—ﬁt“OLg"L with a worm éyive; £illed w r-,b v:tc,._u-z.c aveld an exe ss‘vnly "ong-stayj

o the meterial inm the bz"Z kiim b “:"{S wera plased nezr the lover adge of um/ -~

v clo..izg plate of the owt&%; Q‘Ba-d .;-..;Cu. be.;.as" é:eef: tha 1°"e’*:.n e xiln ’

“""mras*mssib.. o : — : : P -

. S .

— Es - Pre;aration o" "&he: ?‘*** c.:.f‘~3

The thin paste "C? :.s:}:* e’ %o the desi */.J ié sci"ﬁc;‘u _‘
~cf—“;m:'e cent*ifuge 0.11

-

BAW MTE&:A&S
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S “*””‘*“"‘h% tezts were r2dc.with cc;,;,s~c~4‘ «r‘s—l‘ip*' PoT- S._,efxan cue.l ﬂeq using coals

' of ihas Beuthen and-Beinits coliieries. TIhz selection of coala end ¥ e‘r gra2ing
=as done at the Upper Silesian ﬂya«og,e":ﬂ*:. on Yiorks ‘in conjunciicn with the Tppsr
Silesisn Ccal Syrdicats, :-:5. T ccrmeideration. of subzsquent requirzments for uee

of those eoalis in the qy‘ TOEENaTLOT BOSTRE =9 mer—’%;%s'\ve_c.. 23~

au
ments ‘on e. smll scalc- hige.Tasn VR &% _..zzz:ﬁ.g’hafsn Vi@ﬂfa-,hese coa.,.»c

The—ctoaks V&E’MM’&M&&O the :ec*x:i*s*—a., no*z...en*’ I —

o A ﬁh"e cagsede wesher of -the Séhenscllarmn: ma.iﬂnpegéuesaa Y :L.dzptmal enit. | .
It &S econcmically 208 s;wle to ’cn.z;; dovm the esh content tc the” the dezired amourt

o8 4% to the zg;aigh w2 dry oos., end the mixed coal:uded had am BVeTrags ach

-content of -5%. ,,Th&w,,_ 28 C6Ti T ..el.;."f“eu“.{n c"v'e“'eﬂ ﬁi}:cacrcar‘—::r.df’f
PR jneml'e't—is—b*ﬁs—acv roing- Lo g«-mese : '




Ccalu, 9c°ivca,, Bv ‘?F‘xe...r sz.'fé"m

Origin - Gr oy ' ms:s R L e . Asn/Dey Coel

- » ‘. S s el e L N ~ . [ e R . I e )
adcn . e . . s = - - B s WV 37 8 J—
— C =T - - -

f.B%u%ﬁan »Nu'_b_ 7 __B.—.iee.. 2,mm° 3,082 ' T - P

j_"__«.--g-ei..;f‘z o Ta;.‘a_ 8-=_,u ::go .

‘oz . .?i;:es

Noi > Fines .-

-

___Totald

“the h'lﬁ"fgﬁ'd?:‘é{?:étiiﬁ {ocs3s Trom e Benthen T ?’-‘eimtz—csi:‘tieries—izr— -
proportion of the deiivery of cdes -of cm:n was cdoas by weight during trans— -
::oz"tau..on o the coa.. gr’qc.ing wdile - . R~

=3

T TRe ana:.yei* e um ecal is shc* i:: uacls _.o A3 coal con tained 31.6 -
8253’ carbon in the pure coali’ Thv 3=k co.:b ined 4% of ava.,.lab.;e Ho and: 3.0 -
;:Z of v EC r_gerroci t.o pme—ccaw The voletiles in the pure coal were 37 -

‘_:_im%w__ga_ 22?2%%1" B L —— ' "-?A. e e

© 7 The csual 2ron ﬂataly'us e.rﬁ uz.l‘?iz"a‘ sve used ~:.4.’:,1’1 the su}.fuv-ized Bayer
macss tsed in the Leel F&8Fiod 4o Tabis & vae”‘t“'ze analysecs of the catalysts
. The Baysr mesg waes added dryé The sz:lfu....za::.é: of $he Bzysr mass was madse in a
wormx driven furnece at LOOC, «.zsm.g ge.aaou.: HZS When =2 iE .,ated ths Bayer masz
—csnteined 19':5 of sulfur.- . . . .

- E—

Ca .

B

s and E,O,bo}: < 5% from the Ge..senberg
'Bemzin A. G. ’.? 3.9 3 b‘\cﬂs hat vne uercéﬁberg ?ehié’:é— cf.l‘conttﬁzzed—’rf}—j’,g
and 7.8% s—asphe.l?, 3In¥he oY, 7 e

S ;o‘#rt“w.k_.. TPTION 0?‘&:‘?‘%@3%*-%—_

ACOO?‘C.ii“” 2o p:=a goan t‘qe tCS\.«b we?jc'ma 2 1.:1& 70 ad% i’.ota.. prBQS\h"‘
5.test pemiods S e TR AT e T T

Test FPers c:l ' k..;. & coa.... (Be "16"1 &I‘C. ..ef.zx:tz ﬁce..s, lsl; onera..a'd ”'o.\
o and oisds ___ ! 'cr_.._.a__.‘o___.:

Test Perzod 2z ...i‘.::‘*d "9_33. 1,P S




10 =

- s Test Penodj .&x“ ixed co&.., 1:1, Zor ga.soline “'50% excese he..vy 011’ |
Aubust 19 to septemanz, l,ulr», S b “‘ PO

' Test Pe*:.od it Uixed- coal lzl gasoline—f-— 50% excess heavy oil, uSﬂ.ng
sulfurizecz Bayer ma;sa. Ser#emoer 3 to Se:ﬁ:embe* IO, 1941, -

' " Test Period _;. ' ?e:.nitz soal Operated fo- gaaoline +35/o excess: heavy oi.a.; L
...s*tembsr 11 to: Sept‘w‘\er 21 1941. .

—

) -_ e . EsT PERIOD 1

Julz J.§—16 1241, fi]_"_:.no of the stalls with gas tnru—put \.‘,,OOO cubg_m,/i" through o
~-the thick-paste pass, 800 cub.. x=/h thrcugh the thin lpaste pass), 700 atm, begin- :
- r...fag WALHE TIL0 500 kg/i of Gelserberg liguid phase mad:;e o..l throngg_,bo <8 passes

- of the. Daste, 30 ha c? water behind eatchpote” - - ‘ i N
Jhly““?’j 19&1, the ket clrcuit (:;C{) xg/h) and the. washer s*a.rted at 288° conve*ter -

" te_uperatare,%}um%yag through the thick paste pass rediced to 900 cub: m/h.
The gas through the thin paste pass was divicded; 1,200 ‘eub., m. through the pass 1
of the preneater,’ SuO cub,—=—first tn:'cs,gr.m”han\,er III because the cutliet of

%he pr ehaa.tez_' ‘pass a:.cc.te5 a higk‘er temperaiure than the heat exchang er retume

, nn e zog

da.ced 700 and” .1.,_\0{2 cub, ms ’ S

July 19, 1941; the Ghick: 3e£te ydss was, started on LO%—solias coal paste at &08
___converter tempsrature, and the injection set ab 700 kg. The paste consisted of
" mixed coal (Beuthen and Hefnitz, 1:1) with 1.2% FesOp. 7 H20, L.5% Bayer msss, -
0.3% sulfigran and elsenbarg vehicle oil. The thin paste pass (the heat ex-
““e¢hanger pass) was ai Sirst opev-a..ed with 2 mixture of Sfparts cozl. paste and 3
- parts vehicle oil (243 sclids in nmixturel, 30 kg/h of vater :’mj»ctec: inte. the
- r2turn of heat exchangsr ..IL -

- o , condifion nod  convarterss . Cenverter i, um L£>6° The paste
- injecizon throvgk the Sain paste psss wasz increased-to- 1,00C kxz/h, the solids
._im,reasea vo 30% by reducing” the umount G addition of vehicle ¢il. The amournt -
- cf flushing water was *::c*easec oy 50 K2, aﬂh in the heat e'tc}'angsr“I‘II—retum““ S
and behind the catc-po.,u_. C ’ - T , ‘

~Suly 21 the paximum con*-oz'te-e‘ temneratures 4n I and X - !.:.71° rd.}bncen-—; -
tra‘:.:.on of thick paftv Ll" solfds, and thick paste 31 solidso - e

S m.Z&tc 2&; 19&1; % p..ste Tun ’ohroubn bot’z paste paqseso o _

suly. ”5, iS4Y., the Shizk” n»ste concentra,mn 41creased to lsjfg, mn...le thn Z.O%
paste passed throug h.,\.a exchozwsrs.,ﬁi“ : R,
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B Julz 26 e iume* : 5. 1940 tbo nor:rentrat on. of %he thick paste was inc"ee.sea
e —— - T ~nF %ha % time To ')UTpr%' s01ids, whils the tnin paste was retaimed mt Z0 - -
D - —"431% ¥213ds, The follcwing ‘amounts of' injection and gas were rimaliy set lfor
, ‘gasoline and middle oil producticn: 1,000 lbs. thick paste and 900 cub. m.
_._gas in the thick paste pass, 900 kg-of e ‘paste-(700-kg thick-paste 4+ 200 kg
“vericle o4l) and 1,300 cub. m gas in-the thin paste pass. correqponding to con-—(
certra. tion . of LS5 - 1.6< o£ sc._ics in the con'-’ez'ter intakeg v A

S ’"}‘e average ser: perﬂ*we in the -o:zve“ters was a76° t.he naximum tem—-

- perature-L800, and the interded opera'olnt, conditions heve bee"i?e’ached s-when

apout 1,2C0 cub. m. of cola gas xas used ’ 'Ihe '.mper omtlet te:nperature of the’

hot cat chpot was 4262, : ) Co . -
" There have bae novimpo a'nt b eaks :.n th..s operating pericd of the

h.gh pressure uni’:r—— R

S ! ., . -

P e

S ms*r -P IcD2

-

FOBmS

A'rus* F to 9, I914£_¢ T un&nge—cve;. €5 THS el o...l p*-ox.a_ctlonc The centrifugs -
thinn,.ng oii wes changad from 008 heavy oil to 50% heavy oil and_ 50%. mdulc ,

- 7 edl, and the H.O. L.D. #as re-used (sbout 16% caliculzted to the veh._cle o3l Jm__,,“., .
- _The amounts of BEs Wers kept &Y 2;600 cub+-mw a3 previously, the’ thru—pat.dn = .

————the_tninbpashe_paas_ma:_caisgd_t&_l&,kn {3,400 kg, thick paste + OO kegs - L -
- T ¥ehicle :oil), and 1.CCT kg. of 50% thick pasie were run _through the thick -~

"~ . pacte pass. u}ﬁre‘/thev >%- cf."cu_ation erzined 800 kg. -2s before. - Increasing

the-thru-put caused ct: sida*a....y_batne’ube&v—eae{%hanbe acticn ..n the cold haat '

exch;.ngero o » : e —— -

"'_B».a.__.—.—_—_&-—-p‘ zust n_t’° 12 19«-&3 the ai a’fev-e.ve ccmcwter tege“abt.re wes L>78°,' the .,otn’ B}
M\.o.s.d gas 1,500 cub.rdl-r': e | ___,\___ o

- e e

puzust 1% to 16, 1SLL, the concel"”ﬂ“hm’/o?’?}:;g ick peste wes raised %o 528 - .
solids. 4s a resuls <he H.O0.L.D. solids increased slowly to 268 vhich-was
‘ettributed to poor one‘r'a’co*s o2 the hot f':.rct..it end was. equalizvd by reduecing -
the outlet tezrperat"v'e of ine catchmt from 426° to 243.7 S
’"ne stall Giffarens ™oga o ZQ atm,- whzcn *f‘orccd the WOWF*rlng o*‘ tne
- tnrz.-—nu*' of thick pestz o 800 _cub, m,, and of the thin!paste %0 1; &OO cub. m.,
while simultansously temporarily incressing-the’ watér inject icn, In this Wuy'
“he stall pressure differercc wes raducsd to 23 3ty -
step sooler and-the cutlst pip‘.? linss vieras hezted.

;Augu..t 17— 19&—%645%6%"" :
-_., ,,,U kg,, r.pln cas'c.s (.:.,AsO“*“M:‘O,. o

—— : .Tne
“in frort . of- ‘hne,hga" exchanger ulu omoz:u.uted

.-Tb’.e' flush:h 'tez:be}"i._;r‘bhe catchpot. was raLsea

uzust *‘3.9.&- No c‘na;*,‘s_,.;f;;-—r S




-~ ™ Auvgust. 1 to 22 l h.«., he vm“abic;.s were changed %0 over 50% haavy oil ex .ceaw }
. The H.0.L.D. weturp was set at 24 - 45% o<’ tho vehiele o3l., 4 correct compesi-—
tion ©of the centrifuss vhinning oil wes determined to be 85% riddie oil - SZ
heavy~oil whsn operatinv in this way, az this p*onoz'ticn was rstained,

- -

Augnst 23, lSlrlo = "‘rous-.-. Tao v\hic.;e oi1 pazs*s_ wuc?' feed i3 .ecessary *or } .
~_the preparation of tra “ain paste wers sioppsd for about 1 howo This cauced the ot
52% paste 10 pass du:’:‘."'x that .,:z:. mﬂo;‘,‘;. ‘the_heat exchengers. Thsre was as’ a_ T
result a2 rapi® drop.in the K-walue of the heat exzchangers from- 30C.to abeus SO
with 8 simnltc.reous tnergage in the pressure cifre*e__;zf ihe hasat eM,hangez's
' equal o. 5 - 6 atm, {(for detallis sse report on exchangsy operztions) Jo . vinen the
- disturbance was .overcez® all inierzupted. aperatd_ans wvere resusd in 2 nomal uafﬁ .
Tand the-R-vaiue-and tho pressares &ifferer .va,mrzaé—onsir—?omv—v*‘*fes”"" o

T Augt °t 2& to 26, 1SLL. tThe hot e clpoEt S interrupted with 266, soiids in H.0.L.D.
- Ths iid contenmt was 1 ve“ed'i,g cwcm*. n2 uppar outiet of the hol catehpot 20 . -
408? and in addition injeching neavy oil m.m,s the ngutralization tube betwzer con=— =
- verter II and the H.O.E:D.. L;;“pv,ﬁ_z,“{)_kc,.f‘c} ~— The hot - ci:*uit cperati ons-were dme - wis
'p“ogw’-fm::& 2 lower *,st,,-u..’.}» soiid. concenbration, : L o . :

Aua_t 25 L9hlo E\"o. navs:e;‘—-;- o

, AL”CSt 2627 3.9.91 the hot eirmnti ineressed £6 1,2ct*mﬁz° Thé heavy oil addi-

tion in front of the hct catehpod was *ﬂc*:lac =::2 with a ’"“'liﬂuil’ib Ci.'. son isting. of -
lC"%m"ﬁe 0il. e T T

'nuiust 28 lSlb. _in N—pra’:ea%er“azm copvs”-’ser Sé_czuse of
thb—drcpm-‘xeati"z’g“* -BATCRN-Y. - .

et

‘Rx.v“st 29, 1641, The aerage ¢ :..’erte*' 'qe:m*auz.re =r:a:.n "a.i ec ’co*&"’8° o

A . o . _ o

5~-u°‘L5‘b 30, 19lele Th° e f’:m:"rv mdkpur@ ‘middle-oil and iight ;snhe.zt
depcsi vions were ebcerv *d in ‘«.‘.,E'x.—, screen in front of the ceatrd fuge and cccasion=
slly a2iso Curing certriuging proper.  In spite of repeated *‘&.J.sa.ng there were
breaks in centrifuge e&,,“.”- ens. Ope rat\q'} - WETT 'agéin‘chang«gz toa thinm_ng il
Corizisting of 85% middals oil mmd 53 teavy oil, The sciid content in the ¥.C.L.D.

{39 - z07) aaaip permitiec thz :-_"' jecticn of the h zavy oil irxtc: the n:t. cat"hpov e
The -*px:-cr Suclet of tn AT va'ac;mo% WS Eept =% 508%, N

. *"S terber 1 3. AOIBIET  The last uz;i'.e cf ..orwsrber 2 hecams .tccAhé%"ét
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pressure lines. :Ia spite of this; leaks- have -been-rare in hydrcgenaticn: -

An-largs sise high temrerzture lines, For exemple; lines of 160 mm I.D, .
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mstﬁktim,bu*ismiﬁqéuetoprgperhmsdlm:mngardSto ,
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f __ Ta xeep. atepm_m_dﬁnbpuent—etj_ _‘ ‘ -
“throe ia)‘zulaa zhould be obsarvedr--“ LT

- ‘%3 Pittmgina.lsngthctapnmgpipo

.._-b} Fi'?:bs.nginano m-moz-erightangle bends—

e}_-Allcwing for initial micn R , A -
In the operstica of_ccnverter stal‘..s, :l.t ‘has besn shoun tha_t ror =

nnea of an I.D.-of 120 - 150 mm the sprung length should nct be less than
- three zsters Itthialangthomotboholditisadviasblstomeu‘hiw'

“culated iclnts of elbocws or bends, .To lessar the posaibility.- of taokling .
of - the sprung pipe, a.llo'j.ng for inftial tensicn in the laying of hot nes e

“has-proved veory suscessful, - Ths dnitial tension should b- taki‘nas one
- half the cxpansicn in axy attﬁ.ght i of pipes - . = ;

" --Atnrtmroa.usoofhotfhngecomeotimsmthetcnpem .
ﬁnctuatim in the produsty passing through the Yires.~If the bolts no
" “Jonger havs ihe necessary initial texsiom, due to axpansicn of the linss,
. leaks will.cocur.. It is, therefore, @tinpoﬂanootohepthoboltaoold g
- “wherever possible in u:-aer tcuwoid -Jgwering the initisl tension givenm T
e **‘—ﬂn “bolts when they were installed, The.*atm, no insulation should- be ap- o

pliod to .aay hort. ﬂango connco*timso L

“the- m-*crh‘uwaw - Cam¥irssy to the mce-

malathmghohstic chenge of ‘

5o .- e e Wshamewmr ﬂu— S
‘ the noresl seal, it ttesdven-— -
m m 89 mt “that we- h‘,’,end '80 m 14’ in ’ S
(see Skotches > # 1and § 2) | s Lature for a1l 1ot lines, -

(ovar) — LT




;i:_":;;i_':.“_-g‘ T

 To e.void %endi:ag m‘ce in the flange ccnnectia:s, soaealled
: ?.ange prons Wwexs rscoamendsd for use with the bsllows seal. This prop .
T pequives osoasideratis akill in -installation. ;md thia typa of flangg_prcﬁecb-;
icn h& not boen nreved in p*a.ctioeo -

(Seo Sketeh # 3)

e V,_._,,J"he n@_&mﬂ sn 1t two (2)_*' .

L ato nnd second, from iCC - O et. Ths most- tavmbh nonlo dimtor hu

ww—zhm—ﬁpmttce—to-baic mswith—e—aom -volume of four to six.

— Lt 5 : 18 purgin 3t a:bop.iu_xggnhtodL ¢

'hih—i:n atep wog PO prossm m.iaf, “or pnx-ge, valve rengins fully opens

&8s a genorm ale, a# little Qf pce!siblo regxﬂatim should be dono :I.n o:.ﬂar

“cu 5 ' -4”:4 ”.- B . LB CR X B ge

?ﬁ:g nln i.s ncfbo.ng devropid“by ma’na*ot thtcb. tho nlves cur bemh R
m x'nly raguh.tod th-,n wher oporn.teq ?Jy hmd : _ .

w
Y

Rvd

£33 -w_rgn_é | “~—

“Eust cirsuldte TINs | ga—;t‘c“tmpom—me-w

" difficuities have bsen solved by the use of water-cooled éol.t-aligning
.ro]lermmsandtho ass of ‘a-suitable Iulricant. (A -
" port 4s missing hero, but It seeas to desl with. difficulties in faxi opera-
timo) Qae of theoss difficuliies scems to have baen the loosening of the
- fen whesl dus to-ligh cperating temperatwres, Iz e dase this was’ ‘csused’
by the’ shat key beinz iccseasd bty vitration, - In the m:rebothkeyatill
be welded togetber in the midd}e and provided with lugs on the uds, The
volds 2ust be made with dispateh in arder to prevent distertiom of he keys =
and thcir ‘boi.ng welde& te the sh&ﬁ (nlnstra.ticn ahat:lng this is nissing)

‘v gp neeenhe- 25, 1936 tke fan in stan # -@1«1«1, so. that the
whnl and housing were camplstely dsstroyed. -The fan had been satisfactorily
opntmgfaahmtmdmmdsmmtu&mtwm -The
cause of thie wes determined to be W‘hﬂlkﬁ.ng of . wolding seam an tho*’ T

wheel sids plate cm the auotion a!.dto Ye. hm, th‘hrefm, c.doptod thes- S
~~a-gul.nti.t:mn . oo - . - RER SV

T1y 12 pogeiblo, zvoid o1l wolds an the wheel, ﬁa—_’—~- T
‘ mdri?etthcminam,_ ‘ . ‘

. If welding csmiot be avoided, the welds
. T shceld te zZ-rayed bsfore tho fanis_;:u:k into T T =TT
: -;s?r_'*: »;«apuatiur,— e It ey

L T PR
B - =




- T !‘tn'theanom :i.n enootstian an eventual Immd cfﬁ.oimay, ecm- T
,,_,b«—w - fully balmoecm:!s should be chosen, in which any stresses caused ty -
: m%abmugmtmwmmthen&imubmwdm .
‘blnd;ese {Slmteh #4 shows “the cmatmticn of ths old ‘and mwhecluu‘ e ———

. ..

. - _wmm ié iro not diamﬁ soed 1n thia raport. —Em,

. _ tm_m__ e A - w ! 4= tﬂ pip - Mawtle =
=T et gnd m_’lmﬁwthsm o].mtl tor n. cortalin tes
© . Stan ﬁso) e DR
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Oct.oha? 1‘-} J_C}L.j/. :_#m__:__‘_',”_ -

- e TRG T8 O SR STALL APTER THE
- TLARGA scs,.,c. FUEL OrL "‘ESTS; AUCUST = 00%5“33*19@1 {See P=52) -~

e

- (XY
-_— - - R I

- P N
=~ . -

_ T The origime ; Zof-the stall wae J:imted to the pa.ri;s—cf *bicuhﬁ‘*‘*’*
inte':aat in designing a productlcn unit, and was primarily concemed with the finned
~grehester ané heat eaxchanger.  The ccxraple#:-e dismantling wasg pos*ponsd because of the-- -
TArtenticn to Deturn toe Stall as rzpidly as possible args scaletests—onthe pro
dnction of s‘,sctrode coal i‘mm- "che Wogengted ceﬁo R R ,

[

Lo B | o Rz oajnen 3y cory - ; o = . it :'7. s

: 1a.rge—aca.le aemm : 5 - ‘
Ths dismantling of the 3 héat exvhangsre shmd that b“O'bh in the fom'a.rd and 1n the
return pass nc deposite -were present a2s wag to be. e:cpected with a good 5 value unich o
rm& at arowd 300 'ohrwghou‘b the whole testo » ) ! S s

"2 F.’m.ned Preh&af,ers, ) »_ T _—

P Lt

: '”“*“"'Tre prehea*er—m first-run- £or~2a~fdays_wixh_cdke-cven_tar_an_ d “then a.fter —

F— ——- " a-dong rest-for-67 days with coal.i:. The«hal :zpins_n_andm only heeninstalleﬂo———- .

- »\durmg q:eraticm‘-* with coal. - ]
: - "he inr*losu*es 2 an.l 3 show that incruste:bion of t.he ha.irpins was’ ncrma.l o
in‘the cold-end tas hot passes-(1.2 mm), “while the deposits in the middle pass were RS
rel&biwy large ccms:.doring tns sﬁort Operating time C TR
3 Tl:e rs&.sons for-it are as follows. o T o o
- 1 el v - -
~ 1, %he *e.t.e of - flcv:“f‘ the middle pass was very small at the ordinary
. operat.gon procadure (0.7 xr./seco)o T S T

S <AMT ""‘ns""a”‘rfe,sult of using 'Z‘partiarstremwthe—concentr&ton—cf—p&&tv
: wae higher in the midcﬂ.» pass (52%)°

u;ﬂﬂ,sf The heatz.ng 4n the middle pa.ss wazs Lo ..200, and therefore cataiqed

——. -~ ~the whole criticsl rangs between 300 and 400°C in which-according
'~—~—to o _our previous exnerimce the coal swells and the heat transfer _
s particularly poor because of t.be -great- v::.scosity changes ‘of tho TN

.

pa.steo o T - . T

—

—In the }zrocess for-fuel oil tHE paatingo%‘ cee.l—wa&done m.th 3
- aicddle 0il in the vehicle cil and we. had to deal. wrbh a la.rger
,ﬂ,jm%%.zatior of- the B33 constr’*'uentc o n

— =

- N




| | T=5Y -
' V,,,;;‘; _'_,._-_-}_'_‘ S The rela:%.n’e j.mpoztbafxze,, the above causes cannot _as yst. be definite.;y
"~ es’cabl.z.shsd' e n : z ; -

I , f‘n‘e‘crust fn—fh‘e’intemedfate pip“ing betmen”heat exchangez“~ T
to preheate (v 2.1.3 o/sec.) was 0.8 mm against lo4 mm in the hairpin é of the ey
- middle pass { v =0.7 m/ser.:q)o The well tube temperature-is higher 'in the hot "’“\
pass; wat the c'-ua '33 ’cwer nan in the last h.airpins of the intermediate pass

. ‘I’he very great nam:xring d:wn (up,t.o 80%) in the horizorrbal part ef
the inﬁ;ermdiate pipe between-the mn.ddle ‘and the hot passes is very probably to - ;
.08 explained_by too low a_:a,:cg_af_flow_and_bx.ihe_atmng puls&tiona,v,eSPeCially
.80 in the irtemediate pass. -The same appliss to the commecting pipe line be-
twesan the preheater . and converter ) where there was a_back flw of the thick
com'erter contents becsuse of too low a rate-of fl o ~ :

: heater show tha:’- in processes wi.th diﬁarant conceubra.tiom ot pa.sto and- by the
parallel connec’c..ons necessitated by them in the preheater, the velocity in- the .
-’priheacer part Imwhich the paste 18 héated directly, must be at ieast 5 - 6 m/seca, _

“and the large temperature interval must be bridged over by mixing with coal paste" T
 cciiing frdm the heat exchange . Direct heating shoz.fd—-b'e carried on at most to ‘
© 320 =_330°, because the incxvustation becmxes_gne&mm_higher_:bcnpa:atunesc -

e *“*‘M“W@mmm gp-—in-$ W s
" of the hairpins observed fommerly in the large scale tests at 3(!) atma > ha.s .raot‘ o
__been present in the 700 atm, tesba. The haiz'pin atudiad ‘was. made. ct HO matezial
3&/70 with 2 nm retnrn'bend - ,

3. Hot Catchnot: o - ’
7 The hot catchpot was dlscharged imto a funnel in the hot clrowit. - ..
. The: inner part of the catchpot ‘has been found upon . dimntling to be em. irelyw-»- T
T clean, -nor had any coke dBpoaits been rormed in the funnel

C o ?xx-t.her details on the remlts of diama.ntling of the atall will be
- ,.fotmd inthe follow:.:g detailed reporu of dismntling




Reu::rn _-Com ens= - Ave'ﬁage 'Veloci:by T‘nicknesa g}:& or @eratlon
of --. tration. itubs  of eircu= of crust -With- - With ooks
 fiow of paste wall. lating gas‘ ‘.mm  coal  ‘oven tar .-
mfsec. - % . - temper— m/sec.. .. - - o o
T atuwre %Gl © -

Taes . -6
328 .

0.7

65
S | i o
0.70 - 51.6_ 400, - . 10,30 20‘;2;55437: B
L ~coal - RdB. - - 025
T S8y L R

3,15 'f‘* '
" ho'

“39=3£ w—f 

- 202 67
246

V : NS 30.0;« T e
-LV“lﬁ_-' " ,  R 57,;;ff_ 3.0

L —een,

_Descend= .
" -ing Yubs-




LT .. Reel Noo 132 (also Reel 130, PP- 3a9=372)
%959- i

i

- 'LARGE PIIOT PLANT AT TUDWIGSHAFEN:
: nzsmm_"x"e"’nm"‘o"ao" OF ST 'ALL—so'—'(—_"z, See T -51.)

Io ?innacz theater .

o  -1° ‘l'he j.ntake piping a. bas ot been diama.ntledo -

20 Trtals b, pass 1, south sid.eo T

] Tubularniping 1. do 45 mm. - |
» Lu-npm_ﬁnoc —Ie—érr—zr&- —hﬂ;‘mvo 'nf“ —at
Remlt.s:"z‘hefwol TS , :

clean and dryo

b, First haﬂrpin in pass 1, descending tube, i d 145 mmo
 Temperature: Thermocouple 61: 4.1 = Lo& mve
letsx _§Iight1y narrowed dcwn, crust less ‘than l ma- thick

Reaults- ‘Same as under b -

e e e~ ___.._~...¢,._ e e —

The connection frun p&ss l “to- p&ss—z%as not been opensdo

e F‘irst hairpin in pass 2, ascending tube . o
. Temperature at the thez-mocouple 61 at the preceding descending tube, :

about 17.7 mvw. : -

Resulta: Deposit about lmn&lthickc-—'A»---' - . _;_;,--;:;' =

_ f; First ret.u.m bend in pass 2 betwesn first and ‘second’ hairpino ~ :
’ Results: Volume measursd 825 em”, correepcnding to an a:verage claar ‘
diametcr of 43 m, dsposit therefore lom, _

o Second hairpin in pa.ss 2, aeacending mbe, no temperature measuremerrbs.
"7~ Resalts: Deposit about 1 mm thick:. .
~ ~At a depth- cf 1,000 mm3 103 - 1; 1. mmo

he -’I‘hircr hairpin in pass 2, ascending tube. -ﬁb—tenperameasuremnﬁ&,
: . ‘Results:i Deposits about 1.25 mm. : ’ T e
I "‘:f._;'fﬂ : At a;"“depth of 1,000 mmy 2 0. mm.. R

~—-ip~~-Retum bend - betweemthm and_fomth haim:m,_ No~ ﬁemrature measm-em ents’**”——.v_,m -
Resutts: Volume ceasured: 805 cm3, corresponding to an average clea.r T
—_diameter o7 42,5 mmy dspolts therefore L3 mme————— »

= T - S T AR

——

I The convereicn cf nﬁllivolts to degrees centigfa.de is represenbe:l in the appendix,
- .;_T__._uhe,cold iunction is assumed to be st woc ' v




:haéa-p&n-—ia—pm-z—&escendimg -tabe;” Ro—tm}:ez!atwe mmmts*—‘“
Results- . Deposit on top 1.5 mm,at l 000 _mm depth 2. 25 R, ; : -

. Return bend in the.last hairpixr ass 2° - B I
- -Results: _Volume measured: _770 ,_cormpoxx&ng«t;&an—average clear R et
’ Width Of zbl 6 m} dﬁposi'b 107 m° : T ] - LT

— ¥

The laat ascending tube in pass- 2 to the eonnecting elbow to paas Jc .o
. Temperature: ‘l‘hemocwple 6l; v T 24,7 = 25.2 mv. L
~ . Results: Deposit on top 3 mm, at 1,000 mm depth: 4 mm. The 1’.111cktneass«»—w =
-of the depcsit on the way froam the first to the_ last ha.irpin:imreaae& ~—~;—_,,‘——‘-"~“’
© . -therefore from 0.5 mm at 17.7 mv to k _mm at § av. The thickmss = e
-increa.sea rather nniformlye o LR —T T

- L e =

Connection between DWJ,M_MO el e
- - Temperature: Thermocouple 6la, 22 - 22,8 mv, . - L
——  TResultsr The norizdntal -pass has - mm—sezﬂﬁrﬁmr
consists mostly of a soft granular mass which, peculiarly, fills the
R upper fart of the_whole length of the tube, Thé'remaining cross section
'~ ~~*. is surrounded by a hard crust about 3-mm- thick: - In the 2 vertical part.a ’
 ©f the connecting pass the above hard ¢rust.-had formed on the wall tube e
which reaulted in a. reduct:.on of the clea.r -width by aboub—e‘mnr

‘Union.of 35 and’ 65 r(the "numbers vefer to;iz:a.nings)» —

B ;':‘":’*‘>",_f 'ﬁé;‘ " Pipe line (65 T) from heau exchanger I to the ?innea p@eh’éité‘i‘-? i";'a’;'lii“;"'"%'w,_

Tempersture: Thermocouple 62, 19.5 - 202 mv.. :
~—- . Results: -Reduction of the clea.r width by 1.7 mm through solid ‘deposit
- formation- in addition a: slight cont.a.minad;ion wj.th the soft mass: - -

- The T piece (union of 35 and 65 T)o
‘Températm'e. (3 1) Thermocouple 6la, 22 ~ 22,8 mv.
e ) (65—‘1.‘) Soem 0 620 19,5 - 20,2 mv, :
_Temperature (afber joining)~ Thermocouple 62a, 20.7 ~ 21 °2 v, '
-Results: Hard deposits about 4 mm thick in the vertical part corx:eapond-, .
:}.Z;g t.§> the vartical parﬁ“ of the connection piece.,.- In the horizontal pa.rt
5 T

. Pirst hairpin pass 3 (descending tube) 1. do— 3&—mmo
Texnperature: .Thermocouple 62; 20.7 ~ 21.2 mv. .
I " Thermocouple 62" n, 23,7 - 24.5 mV.
Resultaz Reduetion in clear width, « '
‘at the begilnning = = - = 7 17 mm
atadepthofBOO‘mm o : 27mm
____ata,dapthofioom_. — 38 mm -
No msasurement of clear diameter was—p'O'esIbT‘e at g gre_ter"’d‘efifﬁ because of
a alight bending of the twbe, -~ = . — v o N ‘

= T

_First hairpin pass 3 (ascending tube ) :}:~d By e -—

No temperature meaauremems._, ) -
on. top 0:;6 m,_j.t__agdapth_of_}m_m,_;
“1.8 m, at-a depth of 1,0‘30 mm, '_309 W\’ : ,




Temperatm a.t the nearest couple at“ the adjoining doacending téxbe,
thermocouple 62 v, 24.2 = 25,2 mv,
‘Results: Slight reduction in the clear width "0, 2 mm: at the inle_tw_
. 0.8 mm et the cutlet. . - L R
Volume. measured 385 cm3 correspondmg to an average clear width of o
- 31.2 mmj dsposit lok mme - i = o

Secord hairpin inpass 3 (descendinc'—tube) i 4, 3[; mm, T
~Tampe ratures:” Thermocouple 62 %2 = 24,2 -~ 25.2 mvo. e

Results: 'Rediiction in clear diameter: on top 1 mm, et a depth of
2300 mm 2.2 mm. Msasurements a‘b grea:ber depth’ impossible because
~the tube had" bent scxnewhato R e . o

‘Hairpin penultimste refurs Gend i*z p'ass 35 i.d. 31,, mm, - R
_'Ho temperature megsuregents, = TR

_ Reaults: Volume measured 60._c§13';¢::—1;;§§99 21
width cf 30,1 mm; depos.;t. therefore about 2 O mm thicke Coet

—-Last retum bend”:tn pM 3, i d. le, rmn, ‘no temnerature measurementa. e
' Results: Volume measured 345.em”, corresponding to an average.clear
--diameter of 2905 m, the deposit there.tq-e about 2. 2 ma ﬂxick '

P e o . e — _ A

- Py e
ast }in‘.i'}m Y yr:;o Jo — -t

Temperature: -Nearest themcouple 62 v in the out.let descending -
_tube: 24.2-~ 25.2 mv. The h&irpin was. removed_and the thickness .

of the wall of the bottom return bend was measured-by radiation.
‘with mesothori.umo The measurements .are. a‘ncwn in the repcrt i‘or

" resuits < "see the > report (figure 18), - .- e
It was intended o X=ray theweld but it could nct be done. because ,
‘of the overloading:of the materials testing hborato*y. The-results’
“will he racorded latero i , T ——

_k_o Last return bend in pass 3° e '
' ‘I’emera‘bure. Themeem;:le 62 v 24.02 —-25.2 mv. Volun-e foumi 355 cm3

correspondlng to an’ average elear - width off30 mms ’Ihe depqs,t 2 o thicko L

e s l <__.met descending - tube_,“pass~ 5. nor‘«n 81dé;f”.,,, --~~~——44—~' e ”~—-'—— “* ;“,’T
T - Temperature: Themocouple 62 v 202 ~ 25.2 and thermocoxple 63.
L2551 = 236 mv, N N

: o ———Results: —Hsrd deposita in the upper enci 2 - 3 mm n’hick. At 'che_ bottczm .
— erﬁ%?-t;—mm thick T . =

: Redncer, iom 1.5/3¢n R ' ; :
Temperature: Themocouple 63: 23 l -~ 23 6 vy, - o :
__ Found: In addition %o the_ Same deposit as inthe. descemi..ng tube, the
_Clear -width reduced by 10 - l&mtﬁrmghfomﬁon‘bf a: sorb,z-a&dﬁy": T

movabl&mas“—v-m—*tmfij AT ST =




"249- E].bOW, i do 1&5 MQ -

71"'ez'n.pe:rafa.::'ex Themocouple 1bk: 23 - 2h mvo—~

Found: Nafrowed down by a softcrust-5-mmthicks—— :
Volume 285 cm3 cmesponding m an a,vera.ge clea.r dlanater of 35°l¢ mmn

* **-"3°*~—mppte, as mm i.do,_length 635 &mn, horizombal. ’-;' ST
¥ Temperature: Thermocouple ks~ 23 =24 ave > I -t
L ——~Found Pzd.ncipa.lly white crust -about. 5 mm-thicks - - -
Volume:~625 cm3, calculated average clear width .of 3505 mm.
"”'Tbe above deposit filled the upper part of the opening, as in 'c.he '
counecting p.iece ﬁ'om pass 2 to’ pasa 3’ of the preheater. :

jal.o-_ Horizonba.l elbar,,iodo L5 mmo S i U S ;” e

' Temperature: Thermocouple 1li4:. 23 - 21.. mvo = - T el T ' S
——Fomﬁ*ﬂvmm%r—an—averageﬂrlmwtdth—ofﬂabout 33 - fom 5 depoait T
.~ therefore 6 m.i e e

~—

Hwizmtai:p&pe, 1,d.. as W .
Temperature: Thermocouple l44: 23 =24 mv,

Found: Strongly ¢antaminated; the depoeit is’ moatIx sort,’ mepe for T T
a few m» of lard crust. - - :
Volume 2,710 cm3 or average clear vd.dth 32,3 mm; deposit 6.3 mm.

Zhe~balance__or_j’.he_pip_e line to. converter I, consistigg_gLT piegg i. d._lis/
-~ Nipple (length.= 450 mm), elbow (i.d. 45). - - =
- Temperature: Thermocouple ILhh: 23 =24 mv. =
- Pourd: -Hordzontal -part mrongly contaminateds: . crust ab‘eu%'r lO—m%bicla——

_cold gas inlet at the T pass (%.d. 24) completely clean. ‘
Volime, except for the 24 mm leg of thé T pisce: 485 - 57.5 = 1.27 5 cm3
crxrespcnding to an average clear width of about 24.3 mms.

_ chiefly tbe > upper part of the tube. It is. remarkable that. as indicated-by .-
- measureme mts.of volume, the thickness of. depcsit :!ncrea.eeq with increasing
: ;j’distance frcn the finned prehea‘ber, L . »

: ~-III° Gonverter I has not as yet been opemd- '

IVO-—APipe line frem ccnvort.er I to coaverter II.&
—-Temperature:: ~-The rmocouple 244 2105 mvo R
.~~~ Foumd: Dry and clean. ~ e B o
, ‘?+._~Conmﬂ',errllf330 om i.d.,} (12,000 mm long) Ttn volume of tha_commrimr waa___i; i}
‘ ma.sumdvby £i1ling with i1, .- '—_‘

' _ 'L:i - Pouni: 871 1. The drawing. indicates s volume- of S0h.5 Li. nete. TheTE muL =

‘.. accordingly be present some 25 11, of coke in the converter, but it Is tobe _ ’:_f_
T resembered that the calculated value of the volume is- som@what uncertain becauss—

_o.t the unknovm variations® in mea.surements. .. As a resui‘b—th&amom 0f—coke— x

large ngtonecesmata the disma.ntling and opazing of the ccnverter. llore- e
-ovcx: scm° coké had been removed at ’dae ouﬂet openingo o - ST SR




et e T R =SSP GO TN S
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B [W.Jm 5o

-‘ VIo Pipe line from convartea- II to neu‘brélizing eonverber*'
Tanperature~ Thermocouple 3443 24.6 - 2,.8 mv - . ' :
. Thermocwple 3&4& 22,9 = 23 2. mvﬁ_
: Fonnd. ,Dry and ‘clean, SR

ViI. Pipe line frun‘the neutra.l.izing converter to the hcb catchpot-
T ‘l‘enperature. The rmocouple 20: 225k - 22—_7_g;v e B
"The rmocouple 2233 22 2.3 = 22, 5 my T
Found: Bo~ solid deposits; - oily and"uetu, -

VIIIo Pipe line frcm hot catchpot to- heat exchangax-.
e ‘re.npemtme. Tknrmoeotple 20b: 2.0 « 22.1 mv
Thermco@_le 173 . -gzo.erv — :
Gbaerva‘bions as mder VIIo R NG , I '_ , "‘;";w-*
. Ixo ﬁot Catchpct. 'l‘he hot catcl':pot was dmmmtleiam_opwmntm’"'
T Clean’mor was there a trace of “coke depoaita in the funrel. o o
__The vertical sight glass indicated fic incre. in- : ' :
&ga:lnst earlier -measureme nteo .

Hea.t excha.ngers~ -
Al‘a EXChanger lt <

S—Fmdjm——temm*m'—mwple Lsd.;AISQL_ﬁ ,18&5 er
_ Themocouple 1&# 21;,1;- 21¢2 mv. .

- "b, Return pase, temperatum Thermocalple 17: 22 V.. The hea* o
. exchanger was dismantled and the tests for thu-put indic ated ‘no
increase in flow resistance in either- -passi:- The bundle o, tubes
was removed. from the casing and w&@eMmanung t.he hxndle

T was _mwe&o j_ ) , = -, -

F"ound.. No depoaita inside or: ozrbaide the buncn.e & tubes. o The volumé
. measurems nts of the bundle o tubes gave Yokt 14, againgt  the cealculated
e value—ff*om the drawing 021&26 L

2o Heat— emchanger 2: ' o . !

_:,,":_. Fq:mrd pass, tempemture Themocogple 13b' 16.6 - 1.6 9 mv - S
. S " - Thermocowple Bei 19.7 = 19.8 mvv——y»'
o : Thermocouple i6c: 19.7°<20.8 BY.

: ---b Re%urn pase -t.enp@att:reg %mromle—léb'—leco = 18°l me

, . The hea‘b exchaggez::.: 2 “The— -%m—mistmce—re
.~ .- x mxined unchanged., The sheat metal shell mrounding the b.mdle of tubes

,_,__’_,w.,._Af__,>wﬁir@n&place—&adm«}pena Spae S ==

e e e —?Wﬁéc—ﬁ;s_j:n—‘heatﬁ&charger 1o . — o - S S DU

s ""-A 4=

3 He& 3 e:changer BO;"‘he ‘demant Jing of lﬂf—a't exchanger 3-was- at ﬁrst thuught o
R umzecessary ‘bacguse of ths good results found with the two heat _exchargers: . . ..
- —i-and 2; Megsurerenis ©F re°is§ance_@m_imfde~aa§w@%-bumies—~ e
x ‘ of tubes sbowea fio inc*easod valuss ir: "ompu.rison aiththose eb'tained T
el ’pmg"uﬂi e B A -




-A~r6_°, 1 T_55

— Ju— [ — U UEE—

The measurement of the volunn of the bund]s ‘of tubes gave 31 [T against
R 18.564;1 found from-the drawing.. One-might draw the conclusion that heat
S exchanger -3-was -free from- contamination in both the forward ard -the. retum
passes, but it nevertheless is going to be dismartled and opened up to get
8 complete picture. The report on the results found with heat-exchangsr -
IIIwinccmelater, T o e

'l‘he resistance to’ flow of the two a.ir coolers ia practically unchanrred against
earlier valwes.” = ~ .- e ,

o St&ge Cooler-

. '* . eameﬁbsm_half*of ‘the’ stage cocler ahmved umha.nged rIou reaiatauee, the
- —*—*rea:kst&me-of—tim—ea:temﬁz&f—wwz&t o—:’j@%—hi@aer—ﬁmn—ﬁmerkuene—my
.+~ .expect that the rormer va.lue rill agaﬁ;n be’ ‘reached by flishing and stee.ming

' A‘,*
L WA

: e

XIII The a).tlet of t&e foed catchpot, the gas scrubber, the—water scrubber up o
to cutlet into the air. T e S L , _ '

‘The fiow rasista.neo is 60 to 80% hig,her than at the formermamementa -

Stamb erg[]m/ fkp

\.;

T ; — 37-23—19&6—
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CEsERTT T poii O A BOUD TANLE DISCUSSION T a0 . T e
L ERPLIRC EXCES 1R PREOBATER OFEBAZIONS, =~ .~ S
‘-m AT LUDSIGSHAFEN, MARCH 22-23. I9%s . D

e ST e Stettin PBlivz, Apr. 1, 1943 | -
R —‘i’ha fo”* 1cwing 1;0—5;1?.3 —were d..ascuzsed‘.e e ' / : ~ e S ‘  -"‘-' |
,. 1. heamee telcen $0_ decrease. the 102d on the preheaters lerly B
" the preheaters of the coel stalls in Elechhsmmer, - These are smaller and there-
ﬂ*ﬁomm‘m—m—mpenm€rtm—fﬂrtns tance, © B8Yivz. - They also :
= -have—a-larger bors and ccnsequently £ thimner wall. thiclmassc _ %hese éﬁecti‘n -

measure- for preheatar load reduction were determined:

: R ) To run & ‘higher. concentrated-taln paste, since this wilr o Pl
et T e requir&ieaa thi&: paste (PBlits runs a L0% concontration)o- ‘ '

e -_ 2 ) To rTun a8 hi@er conoentrated thick paate (PBlit: ™ns a 53$ - .

S o ) — —-k“_/\&&w.« weksy - . LT ° —_ - = 7- 5
. ) Injection of cola pa-te 1nto Convertor II A volume of apnroxinately

T T 6 w3 of cold pasie reduces the preheater tempemture by about’ 20“0“-’“1‘ .-;:~j-':~‘-~_ T
- i By preheater temperature i3 meant the hairpin tuba. temperature and : o

- not the product tempersture. Gelssnderg at the present time runs '~ LT T
1-!» tons of cold pa.ste. meking 1t nocessary to measure the" volumo. f~ o P

RN  5,) The dnetailation of a 5th converter as & pro-oonvertsr,; '.l'he pre- B
- heater is loaded only soc that element 14N 42 held $0-19 ~ 19.5 mv, i

- B -Converter I is then pit under drafta_ Smis measure” reduces -the R

ST T preheater temperatnre by 500 C. o f‘:"‘ — T

_ For comnarison Isenna provides 8_0 to 9% of 't.he necossary hear by heat@xchangar o
—wcsc&ing—G‘j—to*‘Imsfm same, Gelsenberg 35%, P811te-55%, aend Hlechhammer ——
tentativcg' 52%. - Gelsenderg already runs & quadruple stell with the first

i

... __cohverter as a preheat-converter, slament 1u4 egnals 19,5 mv and reachaureae— e
- tion temporatnre only at the end of the firast converter. R B LR e
Wo vere ago 1n£ormed—%hat Seholven uses thinning oil in the hot catdzpot Is -

— : s *ﬁxd t&?; This has proved very successtul in . the centrifuge operation be- ~ .
T tho-saphaltc are ssid to be less harmful.: They are more sasily centri- o

8t1lled;—It-1s-asoumed that &t MMemm& .
WL of the asphalés. - ~This oil Injection is properly made in the- con“‘m——‘:’ T
-8 pmﬁdedatmur—ﬁ‘?“nalln_ In PBlizz they propose to start with- T T

3

2y —Mi— nﬁng_about—e—n—%%wﬁ e e _ f_“—_“.;““"f’:'g;'




sz, Crist :;r:nat*on. 4,.42.5,.1{ rew-ort en his izwce»;bd.uic‘ of A-rusf‘c
) o i .':0..“ See e.:xd"Gelae'Loerg. #e toid -us itha 5. .,rro*:ium‘, aslybd:anux. and yanzditm oo
.‘T__A,wv__&ieze founé in the semples at . Gelsenbers.  PEIstz couli neh cornfira thess _. ¢
o nmn,,s., - They even Sound more in the vapor _slage thon Ia Rz cc'a.,_ﬁe'oage,_;_
- Thérefore Gelsenbez scems t0 have ¥um e.t : 2T :
Dr. Raak h=s '.‘-fes.,:w Led ’he r.,..éu\‘m

_concludad Vhaas In Ge‘.f_zenb Tz the--‘fﬂ? *qs.'iq’

Y- S B
- -ayez'—masd -
Iron sul,fa/,e

‘

" j-m’vés‘ti’giatod S ] e
- arustsoonr- o TP RS L
_4.-9 tube to 1 pawt t*t rdwe - ) uf> 0 ra”ts :Ji Sixop

- B B = e . -s . - - ) . .. .

H’fé concluzio 11'; thas, 'M?‘é“"ﬂe_oi...._:u,..,s** L ’ﬂ;&ﬁ.‘,im.g_aiﬂ:.mrﬁana_tﬂ.ani i in
he emish and i the ash ',:he ﬂrﬂ*st fOI’TJavi“"‘ aﬂre_xauedfﬁ the cocal &eh,
"T’*i""’ff*“”"v-ﬁ——z.:: SERE 3t ‘;{:. FBnoThHST sopTazy, T velievad that—the

add anead of . the nreh ;sate..e -{‘jv_
°8oacial~w ¢f the oplalisn. thet bas_des sod“"‘* 2B1E
of orine ccrrosion} She, mt&yaus gasuld ne
buy _’hat. the ‘Ea,,rer-ma.,s sad the irox ssuffa

-ﬂ,,f ProNeate ."li{ Chief En ed_gn tne A~ ..
%68t developments i ,hig}i pressuTe. rs\aﬁema,,s , ‘haz. s }«wn thai the -
ab*l 1y te: defc"'\'r CL”BC‘BES?:‘;.'_ﬁfui’.‘.‘T;iﬁé‘: Subes, that is,

the 8 material b‘ecome" rivzle i“' the courpe-efue- .wng'éw oﬁe*a g pexriod. The
fagtora Yringing this ?bo--.,har “time. nydrogaen, temperature, pressure, even

tual crust form=iion snd aisrogen (hy ni traticm). h‘hi'*‘ o"the'xe components

1s" the mogh important hes not b:ee éelermined ,Ln e:.j cale, however, | the

-presence of ndydrogén-ie rejuired. “The mest imporiant "::eae factors are
temperaﬁu*‘ end pressare.. According to Imve ,,.j.. Lo thiz dats the

‘materisles invesjtigeted possess an operating = _73 2 yesTes -nter jtz:a

'3t 12 necessery io nean»tres» e tubeg in g2 > 4o put. thenm Vgain f:n..o

zormel conditlon. It hss been siown that & grester hardnecss is Betier
'cal..se the harder mate *isi is 1es< readlly irfluenced, ~ 17 oFd r'_:-bive

. picture of ihe patare af *thete influences he ztarew,. t:_z.,-t a ;eupe%.,u e
redlzction o2 0% and a nTese L"'" redus :,Io,; c"'”"r“i}‘i-: FOULd Wesn-w GoUPIIng of
its J_i.a.eo' - £-] in.di-:aues 3 _g*ﬁ Siire. ofF ‘52“*&; .‘4:—* the—%aney walk -
_ang cf 530 to 5H00C for ' a._.?.v Thzre arz Tvarious’ neaSITes DoW
under way te detter ithe ma - For exam "'a.z.e i‘:. .;. 5. PIonos 2l *o degreas
the cardon conitent and Incde she Fansdian ¢ Hawever thers are
Lcertzin dapgers. seanssted ' 3 ’
:""e*'e DY . J'*‘ theleinsr
“of- Srmpe -&uu“.- &-medasas

P O i e

accordin g e 7_0' Scgh.




S 1‘- Past&?rm Checklalvm__x_:,:mg' ot P St B reREnTe .
tion mlngleakeWgeneml mle, when ﬂushed with oil It-1s pmponed. .
to install a check valve behind each- momgtero Mith ‘the - exception of Welhein -

_ mo other pla.nt has valven on the presses. ' ;

s

'““5 The- mugg:yz—niddla ‘911 for prehﬁroﬁonation. Th:la point was par-
ticulazly discussed.in.connsction with the- doterioration of. 5058 convert.arz
= L 111 PBlitz. oo - e -j - "~'—,:;; : TN =

- . = SN ST =

Scho l'ren ha.a 2 prehydrogonation sta.lls with tho tollowing d;ata. _» T

Ry ey

=g Triple—prehydrogcnation stall: - . .- - - :‘ e ,,' -

Py . = .

co:zvertor 2. Gatalﬂgjo_ssphmpmmre—al—m;—mnyst 127 O —

" days old. -

, convertor 3. Catalyet 781&6_ Temperature 2L,5 nv, Gataly:t Ce S
100”'Ews“Td - ) . ;

- P - -

fhis chamber- ru.ns vith a thrn.-purdnG—tonlfﬁ?T}b'* OOO m3 {niet €28 and
55,000 @3 (?) ontlet gas. -The- aniHnB oint of the middle cil rises from '
=120 C 4n

—— : - It e e gt b - e

,,,pa.v.Triplo-prehydrogoﬁation ﬁhambero' _ 'f ;“7 *—--f e

T Converter—l Qa.talyct» 5058 Tenmerature 19-21 mv. Gatalyat
~~ 100 days old (1) o
" Converter 2, Gatalyst 5058, Temperatnro 21-21 2 nv. Catalyat
‘356 days old-
13onvorter 3, Gataly-t 781i6 Tempera.mre 22 2 mo Catalyct
356 days old" e - . : ) '_’_“:L_,
Both ctalli run with an 1njoction prodnct of- }50°C end point. The 956
point ‘could- —not be deterninsd.  -No deter: oration of the” catmats“has ‘been
shown in either of these ‘stalls with. this injection product. -The 643L .
stalls also operate at low temperaturea__a_:_;g_ Give good results. Scholven v
believes, however, that she basic octane number has deteriorated sirce the -
" introduction of catalyst 7846. By using lead, the gasoline may;  of course, .-
- . ba brought to 'tho same octano mmber es before. “but 1t has a poorer overloa.d

.,‘.x-

<me‘m L T T A B - N : 7——“—':——‘ LT ) = - . Bt .

~To thi. might be added. that while 78146 gaeoline has tewer aromzics, it ha: -
"77"1 or 2 more naphtenes. But bacause less gascline iz made with catelyst 7846 -

= -“‘_jj_i_’jt:«than MWWW@W rossible octene deterfora- =
f R tion would have. to be equ.alized by & greater proportion of .6U3Y4 ga.aolineo
i :‘f'-”*' Scholven a{;o informs-ua. that 1n ordsr-te improve the doctor tesz _:L/G~of . —M -
L the_last£43h ‘eonverter is filléd ’wfttr?s’-iﬁ “‘ta‘ryst In o oﬁ:é’: %o avpi& aiffi——'—:~~r= -

cultiesﬁish thefggaolina. P ; : S A S S P S A

.

B R




‘Sta.ll 30} ?aae the follo'edj data.

o Converter 1 Catslyat 5058, Av,Temperaturs 20,8 mv, Qazalysc 3% days old:
. {(Ialet Temperature) 19.5 ; SR

Converter“a‘, Ga.talyat 7846, Av, Temperature 22.2 mv, Catalyst 11%9 day& ola--
Gonverter 30 Catalyat‘ TShG Av %mperaturo Eeok«mv Catalyst 11»9 da.ys old

Oper&t:lons were conducted undar the followinfr conditionr T
Thm—put 0.7, total gan- 395(50 n3/ton 1nject:lon,. ‘inlet gas: 30,000 n3 h a,nj_-
- lins point-130C, 'Ihe 1njection product hae ‘che following data: 90 31500"
o end 'point 3}500 : R N _

- . . - .i,;. - —_—

It hss ‘oeen—&aam**tbat fronr riow on the’95% point aha.ll ‘be nnifomly ‘
m;-oducted LI el :4___ _ v o
EE I The‘rt are no donbtrsbout—the—dfzﬁ.laﬁon—ﬁﬂi—spaciﬁ cattons” are.
o '~ available. These speciZy that the - 325% point s determined by the
Engler-volume, By the way it was __&nglia_,llz:knom tha!c_the;-e_u
a diffex:enco between ‘Engler a.nd As'm :

’ %n?e:‘?”? ‘l— Catalyot 5058 v_'l’ompe ‘:ture m—“mﬁatﬁy,t—);eo da,ya OId _

Converter 2, Catalyst 5058, Av.Temperature 21.5 mv, Catalyst 420 days olid.
Converter 3 Catalyst 7sla6 Av-.'l'emperature -2250- nv, G&ta.lyst nls daya okd

’“B”-mitfdlo 01l e.niline int c = h? - 14800. gasoline ooncentratiﬂn 1n the -
estehpot “at 15500“36 | _

e T e it

*Ghamber }02 has the followigi data° a o VLTl -

Converter i, Gatalyat 50‘58 Av Temperature 21 1 nrv, Cata.lyat' '{92 da,ys old

: ’An"ertrer—a—eata-}yﬂ—‘je‘js—ﬁv—‘l’ompmtm—ak&-mv~ca;taiy3t~?92~daya old -
v?r*Comrter 3. Gatalyst 78156 Av Ten:perature 21 9 BV Gatalyzt >+0 dnya old

i Aniainﬁ no;.nt. of "B"-middlo 0il & LE -«1+9°G gasoline concentration 1n chc
catchpot at 15500 =3, - e ;

T ’ ' oduct for tis “vengtnatron °W¢a“é32? 83“6%: £ zpecii‘l_c
. gravity of 0.848 ot 200 aniline point of 148 70,.C 03$ pheno}.,rand an end — ...
TTpefmt of 305°C. . - = e stemend S

- e b T - T~ A S S

o e FERe—— i -

s ~————A—~-~»-%-T:Tharaaseem “to be o satistactory esplanntlon of the damages to the
' -V ¢80al?8v8 in the 5055 converters in P8litz.  The end point s higha

S ‘becapse cf it, It is tnou@t thet the damages are related to. me
T —d‘.'rstﬂ;lation-o the Briéx- tarse 'oosﬁihly becauss phanolz w.-i ch h.ave _




fbypet;ggg.;;hadiqui&—mh—are nmmm “into the mpor-p“hass—’by -

. ~.%he "A"-middle .oil. - Besldes, the phenol- content of 25% is very s

- Righ, 1In this connection wa are advized that Scholvex will put =
an acid refining unit-into” operavion in’ ‘about” L wesks, in which

’ ,,,tho 5058 ..n.jection product will be waahed with. 5% acid ' .

- 6 _Sulfurizati ori oL d.rc ‘ nation and benginaton )
'_In ?814 tz the suvlfurization of prehydrogenmtion. products iz no’ 1onger done-vith
‘hyédrogen eulfide, dut vith granulated sulfur, Decause 1% wat fctnd that separa-
icne- scecur in the former method. The ash . cont:ent of ihe’ inJeWrodnct is, .
- however, normel and equals about.2 - ‘.mg/iiter. = The e-»racrdz.mrny rapid o
. drop of the E-values of_the heat exchangers in the:sulfurization wiih EZS *s ‘
appreciably slo‘eedvuo 1n the sulfurization with gra.nnlated snl“ur . . e

ha gnesti : ' : ntainod in-the hy&ragen m&me
Rt “&he opinion of: Ludwigshafen this vould bo hamm o

_7 P

:Th.a method of mlfur:lsation in Gelaenberg is at tho present aa-to.lpusz

5058 and 61&34 are tulmrized with gmulated sulfur, & m:l.'nrization 7
vfth—hyda‘ogm'mtﬁa‘tr 'being 1netalled for both phases, .~ o

.- Scholven also mlfnr:lzes the prehyd
—sulfur. It was intended to sulfurize with hydrogen sulfide but this-method was
. @ropped because of the experiencés atv PSlitz. No date are ‘&vailable on the ,
sulfurization: of 6)-&3’# 1nJection products. In both pla.nts the 1njection prodncts -

e sy

c 7. yerating times of ‘cosl atalll, In connection _with the’ 1n£omtion—on -
" the operating times of.the coal astalls at PBlite, Dr. ‘Urban_informed us that ’f'
."Schiolven has an average—of T9%, equal to 289 production deye,” 5% for warming up
c.nd. shutting- dm,m&. 16% for Tepairs, o R o _

T m————

8. Increa.sed efficion of kiln erations ( Schwelerst) ,,,,, kg cffacta de-

ermined—by Dr. Horn—andDBr. Hing- bort_on”the tests.for ineressing the -
sfZiciency in the kiln operations- vere generally confirmed, The-effects were
reached L but not in the eame_degree,; Dr. Pross stetes that an 1ncreaaed addition ,

of M&iﬂ—mom—effectm—ﬂmm&&ttton—o‘f—mmr— T N el e

... 9. The use of hea’ oil on solid cata stso Ludwisuha_fen u;ed Zisterodorr
petrolm ‘and various-other oils and found that- such-an-opsration-would -not" do,- -
..+ A% ash was present in the o0il, becsuss the ash would be deposited on the cata-
S lysts. _If 0.001% ash was present no—deposit-was noticed; whtte at 0:1% ash &
- deposit-wac already noticed after 10-days: For TTH, 0,01% solids is considered —
= j:f'ff permissidble. A&oq:aﬁmem&;mcmotr without’ a—cstalyft—resulted 1:;

eoking up e.t Imd.wiglhatem _:' L . ) e

—3In- eonnection with :he above experﬂ:mantrﬁ‘nm—“be—said that it 13 necesssry to
W cil ﬁ.rat through a pressure d.istﬂlation. This requires that a -




T e

considerablo proportion or the higb Boiling portion Do plit {weak cracking).,m N
'~ These sxperiments-were =lso pa‘rtly ade with the &dditton of crude oil. In
. P8litz, however, 1t will be necessary to. run the crude oil as before. -(In
splte of the negative réaults achieved so far in the. mi:r.ing of pitc.h and
-crude oil, :t‘urther mixing tests vill be made.)

R
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Am A‘betract of a Repoz't addreesed to Hydriere )

worke POlits dated Indwigshafen/Rhein, 17 . -
February 1943, s an the strength of tubs -
,steal in 700 a.tmoaphere _p:ehaaterso S

' : ufe mmm ﬁiraulatﬁg gas tampera.ture 9 fuﬁé“irall v
‘bemporatun, and-Tatigue strength, as well as the dépendsnce of tube wall
Vemperature on the Incruatation of the tubes in operation, has always been
of thsﬁntmoet :meortanee 1n tha conatruction 01'_700 at. gas preheaters PO

—-._—.‘.u\.—‘ .

' T While in 325 ato preheatora the oiroulating tempemture oould,
in gensral, be limited to the. temperature corres cnding to the fatigue
atrength ot th& tube wall when-fully .’mcruatad, the eonditicns _of the 700 Lo
higher thmrthe tempuratmmap’mding‘to%e‘”mtfgm s “strengt hof the . T IR
“incrusted tube wall because of the missing, or aily partially possible, ,--w____,j'.;-, '

pa.ato‘“ﬁoat exchangs, as woll as the high thruput. In other words, to
utilise to the utmost the fatigue strength values, aven*"with & not !ully
mcrustod prehea:berc . _ )

. it has been ganorally agned»tha% the laycut of the prehoators .
ahculd be based on a maximum crust thicknesa of 10 em. allowing a certain -
" safety factor based <n the fetigue strength., The maximum wall. tampero.tnro
- of such an incrusted tubs has been calculated to be 550°C. later observa-

- tion and investigation in materials testing have ‘shown that ths materials—~ S
~_carmot _properly be evaluated on the fatigue stréngth alas, - Under the. ezist-,l :
ing mechanical ead chemical influenees, a% the high material- tompemture s

the mterials ahaw s time deperndence the elastic stmngth of tke. mater-=
e 1 © 1 T . o

T It may_ be remﬂmd here that this;rahticnship hae not*‘baen ru.lly
ﬂ;emd—upu— -

Such—hbmtov investigatimraro—now ‘be;mg nado Itrvasti,-:_&_*ﬂ B
= 7 gations are a.lso being made to determine the factors respmmsible for the - _ -

e —‘?:“temtfmbor this crust, with The objsct In view of minimising- the-orust—— -
fomationa —-dn any ca.ae, htezt dmlopnenta eeem-to_indioato-that A=

: Teats 80 fax:—mda have shmm that the maximum pcmi—ssiblo 1nns_r B
e mll tompera‘mr&‘ﬁtomch -N10-may -be subjected to fora— Jonger period
: at the. tm-pa:oaum m ttb, 13 ioz,—j‘.ha_t;lmt__ el nited 52CL°G

- . : . " e Ty T




: T Equ a&3iticnal i.nvss‘igaticns mst ‘bs made to dotormino iz
I t.hia temm‘bura rpcy be inorsesed by proper heat. treostsent. It may alrsady-
T m‘t thia icmpsrature limit is “etrangly dependent wnthe—
B _mchanicul-a*ma of the tube wall,- that is; n-the-operating pregsure.. Ir,
for exkzpls, & stall is run at anly 600 at. omditions beccms- cmat&snb]y—
. more favoresbls. . According to the latest tests, harder N10 tubes had. e’ lmgu L
DT en tmc-ews‘tiemstmngth in hydrogen than -softer tubes. . If formerly soft
o - K10 tubes were recoczmendsd, thig was perfectly correct from gemeral nechanical
- ~*——w];c:i.n'l*. of view, Soft Fl0 _tubss have a greater toughness with still emple = - e
. fatigue strength. -As already mentioned, latest investigatiomms have shorm - .
7 that the 1ife duratice of the tubes is nct determined by the .fatigue strength
" .but by the time-elastio-strength end that this time-slastic=stremgth is in- :
sufficient for soft KiO tubses., ~Experience has further shown that no value
-mdbeplaoodmthewtortaughnnasotthoscﬂor 85 © P
thersfors, that the tubes should be hardsned to a groator degrto-!w E . ——
 treatment. Since tha wall temperature in the hot passes his exosedsd sao"c
- at lsast in some of cur works, it is proper that all hair-pin tubes; which -
. have been in service in the hot-pssses fo¥ about 10,000 hours, should be -
-hardonad by hsat troatunto , If znch .mhos ars kept In servioo fcx- s ccn- -

-'n-y not be. nblo to corrcct by mrchor m& tmtmtow‘_

— e

S Ifinthoﬁthawmmratmm of 520°C tho:!.mcraurfm e
sin not exsceded in new installations, an efter-treaiment o‘f 4he hairpin .
pE tubes after 10,000 hours-should not bs necessary. We belisve that we can
_ M&Memﬁtﬁ.@ 3.n a.ll old. ha.iropin 'bubea by neana of the ﬁ.rst
- aftorotmmnto .

—= ' &rﬂrs&ésr mticmd, a lcworing of thn cirmlatizxg ‘gas- temperatm

‘ is not “ossiblo without lowering the tm-put ’beeausc &n enlargesant m ]
h?atﬁr would be nooosaa.ry L s : =
""he L.ttlamilsble d:z..a scens tc :i.ndioate that the 'bubo ws.ll

temporx‘:.ure of ‘ccal preheaters has risen to 520° after about a yoa.r Be.sed

moalaﬂatims,thiaoomspmdstoacmtmmeadSmm Thepma-. ‘
—heater would, therefore, ha.va 40 D shut down after about & yeéar and the - -~ . ]
‘tnbes clsaned of the orust., The operating tims is naturally largely dependent ~ :
arth@ prcdaet—m—ﬂrtendm~%—cmstrfomtim,—m cn—..hax.;pomting o

_..»T,_~. ORI

‘ In summery,; the tollcming ‘rulss foc' thc ..ncroe.aa ﬁ.n m&m- ]
L t.ia: ofmﬁiza tnbes —hwlﬁ 55 folloaois B .

G —— e i

ik M-,l} Ra.iz:;:in tubas with the. g;-sa.tut posaibls Brimnerl. ;
T ha.rdncu ahauld e f.nstallcd a.t the ho"tost pointss .




3} m hairpin* tubes," WhiCh ‘have. been in servioe for
*  about 10,000 hours in the hot pass at 700 &tsc s
— should Tessive an fter-hest ~trestuwent; ————
o *‘1;?_- 3)‘ I an i.imer tu’ba-tal]. tonperature o£~520° isz not
R oxoooded, ‘a further after-treatment shenld not be
nsoessary on new tubes snd tubes which have re= -
- eoivod cne aﬁer—tmtmte L o

4) Tt 1s highly desireble $hat Forned- Tnomatations
: be removed at the lateat after cne yeara— G t— ~'_
. ing time;..,' L Bpua

D

5) AtTower pmss'am, Tor emp]s, 650 or oven 550 o
ats,, used by some works at the. present time, ob-': =
servations so far made seem to indicate that amn . - -
after-heat-treatment after 10,000 hours of cperat--

- ing time is not reg_uired e ncmaﬂyhard h&ire,_, .
‘T- pin tuhao « j - o

Lc. mentr'smma, .

bj.gned - zfzer

e B i T L e e
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e mm**moac PnOCEES FOR THS Ps.zssum. ummc.zmwou OF
: " 3§D BINERAL OILS IN LIQUID SEASE -

’,, _mmgshazsn,_m 35, 1943

s \ In the @ommwe prs*“m;rs hydrogomtion of eeals, tars-ana -~~:j_neral—o§.ls i!L
liq.zid\phase as, for exsmple, ¢f .ceal oX oil pastes the liquid, tegether with the -
" hydregen required Zor the reactl ien," is ‘st pressnt preheated under pressure ‘in & -
“Special preheater and brought to the reaction temperature. At this temperature
. jbe mixturs then sihers the réictisn vessel. Here, due to the abserptien of
== enatien fsed, so mich heat 18 generated, spart frem-the -
heat less threugh the vssasl walls, which is enly 2 small part ef the gensrated“
. heat, that in practical eperatisons cooling means mj_h_a_;meﬂ.d.ﬂd.&ﬂ,_m_——————
example, thraugh built —in special cesliing surfaces, through the imtroductien of
celd- zas or. through the 1njectien of coid Wo — - —

M

B e

77 These msazures bring mny disadvantagos wit.h £t hem. In particuhr—.ha” -
. {rtreductien-ef celd-substances brings- about. a_decrease in the space awilable .
‘fer the reactien and a change in the prepertien between gas and reaction naes
- 80 that. the ccurse ef the reac’ Zien is eften influenced undsairablyo

— In gccordznce_wimjhemenh.en su‘tnittod herexith s thase dfs‘am -
. aveoided and - considerabls advaniages otained, In this precess “the hycregenatien———=
fesd, “tegsther: with hydregen, enters at the bettem ef on= seetlen of a-reacticn___; ——
. vessel divided by separating wails into.twe vertical sectiom, which are cemnected  — _ .
. _with sach cther at the tep and betten, so that the hydregensatisn feed is given a -
circul ating astier between ths two asectiens ef the vessel, whereby the greatest
- paxt of the hydregen, tegether with the vapereus and azs a. rule also with a pa"b
_of ‘:he Jiqxid, nes is éra.m cff at the topo - - — -

The™ sops,rating vmll ca.z:..advantegeously conaisb ot a centrany ar’ranged tube :
) in the reaction vessel, a so=czilsd. guide tube, =0~ that the inner .space: .of the %
- forms one sact:ion and ths. cuter spa.ca th_e other aecti‘.'_ of Ure reaction vesael '

- _ i The 2 strean of aydrogenaﬁ:.ion feea and kwdrogan gas ent.ering at" +he bottom
. ﬁ.aeattcr _exemple; in the guide tobs.— At the upper. end of the guide tube the -
main mase of the liguld portion; genera..ly free_of gas, then again fIows down~
ward outside of the lubs, i 2gain united at the boitom with the fresh incoming
mixture and aga‘.‘.:: pasges upward in the ‘gaide tube.  Ab the upper -outlet of the_
reaction vassel & mass of gas-snd liguid-{as suck or as vapcer) approximately
WM&&M&*&L&e‘Qofﬁm is carri Mxﬁﬁs opmtions o

- Whilc 3in the- g'em;mma_the - bubbles :ise to ihe top eompa.ratisre..y_ .'
_ slowly a.nd w.’,.thmf" order beca..se they must o ercome the viscosity of the liquid
TS hey -t} ms_h:es—retardihematm flow of the _
as—&_livel}' circulating motion in the longi= -
‘ tudinal da.*‘ect:.cn ,.f the guidx_«, tube, which can be eom‘tderab;ﬁastcr thaa tne
) or“”g.na.. ri sing_*e..acity of i’.r e bz.bolea in the l-l»qllidc : ,

o :secause of this an imemi:cbure cf the whole cmuenua of the veséel is
developed as w3ll as a brea.k .g up of the large gas bubbles into a‘foam of ‘the




o ',_“,., e ,y_'z'of@ _

- smllest ’mbblats v-"t‘* a laro'm surfaze area. . A v-apidr 1ntq,m.amu'e of . ths contents -
o2 the vessel with the fresh incoming stream of the hydrogenation feed makes At T
pessible to reduce the inlet temperature ol the vapor-l..quid nixtire by-an-amocunt
equal to the heat. cf—mactio&.at;tm—rem ?’eBSeI‘—TiL.s latter is directly used

. for further heatinz of the frash ine aning hydrogenation feed. “This eliminates the~

- necessity of ‘addins <cld gas in en amount at present ‘nhecessary, if the inlet -

. temperature 183 correspondingly iow., Ihe volume of these cooling: mbatamee my—

'bs S0 mh :-\ec.*.tchsv:!rﬂ> I:xstﬁthe I encbion ma;y ba_.'sedilyﬁontzolledo

. Tha c‘,rculat:.'xg atrssa receives ita at.art rrcm the difference in uplift
between the upward and. downward flcwing sections and ‘from the stream energy of the.
mixture entering the vessel. The velocity of the stresin is limited only by’ the--
_resistance to the stream in its circulating path. Means-for aiding this stream
~ flow and increasing its velocity, such as a nozzle-shaped entrance opening with

. injector effect, rounding off-the corners ‘of the reactiocn veseel and the guide :
. tube, and the largest possibiz diameter of reaction vessel and gulde “tube should -
- properily be employedo Also ths prcportion of the stream cross secticns should be
- 8such Ehat the reaisiances in the upward and downward flow sections ‘are as closely —
T Tas possible equal to each.- other. M¥oving devices=1in the reacuan—vasshar—as—pOWer
driven Mers, euco, are tobe avoided by all means. ,

P

-~ The passagé 2ine of t?as s bubblets thrmgl t.he guide tube N md cmsaquently
their presence in the reaction vessel, is considerably shorter than in the ;r%sent. o
~__. process because the ga'g‘vbtm—hrthtmcﬁnn—mi—is—m&md—with—%mw
—velocity of the dirculating stream amd-becaussthe—gas-is-largedy- - contained-only -
- —in ths rising stream; while only smallest bubblets, which are rict separated from
, the stream at its change of direction at the: top, a.re carried 4in the downw&rd f£low~
T 1ng sbmamo ' ; b

e T o Through this decrease in the gas volum preaent in:bhe reaction msel 8.
- " corresponding. epacs is freed for the Bquid hydrogenation feed sc that the feed :
‘premains in the vessel considerably longer; assuming equal-vclumes of reaction vessels,
or that a greater volums of hydrogenatiOn feed is processed, assuming equal time
- periods cf its prese"xcc in the VGBBGlo .

io W The separaticp of the. hydrogen and cther gases in MW of the
. v'reaction vessels is aided considerably if the rising .icpzid—vapor stream is given
 ‘a strong twist by properly arrsfiged entrance nozzles or: by the arrangememt of guide.
“ing surfaces within the guide tube. Under*‘bhe—hlf]nence—of%his—twist the ligquid —
-is easily separated at the rsturn point at the top fram the gas collecting in the
cemter = that -only 1ittle gis 1s carried-downward. Small openings in the upper.
© _ part. of the-guide %ube w1l have the_s: same erfect ‘because thev reduce the veloci'by
of the a.iquid at this poin*cc‘ ST , _ - “‘i T I

'rne ‘guids tnbef can reac..ly be constzucted with a dozble wall a.pd wed as a”

e —~ = e s e

very effect.:.m cool...ng or heat.a.ng surfaceo — _ _ _ . ] -

U

. A pe.rbicuIa. @j{gnt&ge m‘e‘prqocs‘ s as- alresdy expla M&«— S
-~ .. lower preheat -temperature *e&mdo ‘The mamifacture @ and procuremnt'ef preheater— - .
—* -~ T tubes Teor high rsaction ‘tanperatures offers many d‘fﬁcﬁfés’ﬁnce the streagih v

s of alloyed 31;0918 Sfor-this puraose drops rapidly with Aaing teqperatura so. that




" o ,_ 1.<=-59

an incv-easa o.‘.’ Z.OOC mre o .ess in the wa..l tszrpe*amn'e @ ths p-&:eaterﬁtubw is— -
of grest significance, Ixn ‘addition; it is possible-to attain the reaction tempera-. =

‘ture—only. bmedeer.l@g&Lfﬁbes,_iﬁthg_pemisaible temperature
‘difference betwsen the hee.tino geses and the preheater wail%srst B—becczes

mllo e — T —

- If, on the ﬂmtrary, 1% is oosaible t.o intreduce ths fead i:xbo the reaction

= veesel at a te@ar*ature lower by about 50 or 1C0SC than at present, that iz, within

“the reaction temperature, the preheater can be_operatsd at lower wall- ta'zfp‘ez‘at‘ T“ -
and the-previcusiy mentivned ai fﬁ.culties disappear entirely. - Ir—addition, the Pt
prshea%er resistarce-and required pump energy drop considerably because of the
s berdng-of the raheater -tubes. Very often the preheatsr may &ven be entirely "
Lo dispensed with in @eration, if the now pcssible tenperature dif’grence ’getwaen
“..—- the- cutgeing and- -Anccming -stream’is. utilizad in the heat excha.nger 0. tfha.t tbc L _;‘
preheater is nsed only at tne_ start oLope.cat..mgﬂ ; R B

S This ;x-ovias,:a a“er/ery con sidsrable sav.'mg of fuel ~and energy amd & great
lassening of the dange. to thz.reactlion- atalls caused bsr a'he a.ccuxm.lahed heat

4 e pIre .__,;.; l-- Al & wiel )8! -thquA

o jeaides the .e.ving ir “fnel a ccnsiderable saving in exper\sive alloyed met.als R
18 po:ssible becauss of a lcvewsd preheater ta-nperatm-e and a smll prehaater, ' _

tipma

T in cormacbion with the lowering of the greheatar tamperature it is. further
L __pmkmﬁM&re&mmMevem 1t trom overheating and_rrom B
- coking on the preheater walls. _,_‘;_f_ _ i - - o

A f‘urthar adventage is gained by the previously xnentioned loverin.g of the

cold gas volums required in the present process. The use of much cold gas re- -
quires s higher-pressure in the circulating pumps and therefare considerably
_greater energy.. Parthermors, in the present process the cold gas has to be added ‘
at various polnts in the resciion chamber to avoid local overheating. If it is P
desirsd to add cold zas at all in the new procéss, this may be done at one point. oo~
- Since the entire cortent of the high reaction vessels is caompletely circula‘bcd .
within a fraction o2 = mimte aqual ‘temperatures cbtain in all parts of it:
Furthermore, dus to the deersass in cold g&8 volume it is pcssidle to keep the -
Pproportion of gas to liquid wclume in a chamber with ssveral reaction vessels -

_ the: same, 50 thaz tae desired pa.rtia.l essure can -mere ea.ed..'Ly*berm:hi¢.=>ve¢%e B

A mrtber e.dva...rage “ia- gained in .he decrease of the- volume cf_ the feed

p&esing through the reacticn chamber so that the conmecting pipes and heat ex—
~changers can be recn.ce‘d in aze cr be used *‘cr larger capacitiaso i

.- The fme. c‘:‘_s*ributicaqcf the hydrogenation _gases pcsa..ble in %) this new , :
prOceao emble‘a*uo*tbﬁz‘each‘am Bquilibrium inthe reaction, azretfect—, ﬁzich @%ha‘-__*__*
qulred for the fesd +to rem...n in ihe rea,ct.y.on v'esael or- the-use of valuable B
- catalyshe. ~For the Eame Taas 3= ib ””tojcwev' _the averag_e react:.on T

i‘.emperature vai.;h ‘hhe“sa.me_ apeciiy ar rdrogen "' n_eﬁfect

‘l'he prccess is ﬁzrhhor clariﬁ.ed in the at-cached drauingo

' In flgure T3 (1) 13 the inner wal.. of the reaction space of a hydrogenation
 converter, (3) is the inlet and (4) the outlet tube for the gas-liquid mixture "
 _{for example tar), (2) iz the central guids tube which-is arranged in- converter I
' in sucl a marmer %hat an uthindered circulating motion througb ihe geide tube in

_a longitudinal direction-of the converter is made poseible. ~The mouth of -tube 3)

1s mwle—sh_aped o;-der to introduce ths linu:h mixture with Increa,aed ve].oci‘t:ya
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LT Fipure ;.._ercws a ercss secticn through ccmrerter T‘witn g'cride *bube -f;_;),-_._;_’L_; '.
't * s ,.zzmauev-:.al whethex. the fiowing nass rises cn the %nside or the outsiden ST

FLESS IIT “}»’5552”5:-9“3 section th’rougx another consbmct:.or. in w‘zich the
.,spare.uing well is & sizple cross wall (2) ins‘bead cf a guide tubeo :

. ’?‘igzz?eﬂ.v ‘shows a double -Walled guide tube to receive heating or cooling : ]
*’luid or cocling gas or provide rcom for electrical: -heeting. In orasr to—dW
" the stream resistances tbe ga_».da tube is rounded off at” {c) and @Hﬁmmewerm
at (e) and (i’)q T . , ) N . -

' ~ In ordexr tc ac.‘neva =S oetter separaicicn between vapor (fcam) and Hquidan — -
additional turzming moticn of the circuleting stream. is superimpozed. Helical
" shaped guidc surfacea {5), targentia*ly arranzed inlet fxozzles (7). and-

surfaces (8) on the uper.and Iover end of guide tube (2) are provided, se shoun :

—-infigure V.. -Under the infiuence of..the twist procduced in this manrer the liquiad
moves . preferably aleong the wall of tube (2) at (a) {Tigure 1V) while the l‘lg’tter
fcam flows towards the top mainly in the’ canter: —In-this-manner the gas.volume. -~ . .
A the cmvmm mseﬂ—'z;—a:dditicn——cse&ags—(ﬁJ—m be s
_.arranged at the upper end of the ‘guide tube in order to decredse the steam” - .
_welocity at the return po.’mt at the top md te make possible abetter aepa.ra.tion S
of, liun.d and gasc , A e

N A '/,.

— Rig re_n_azma_the_gn.de_;ube (2) aubdivided into several aecbicns , 80 that
—aeverai.—shm-t—cirea&%.z\cﬁms ‘besides the main circuiating. stream, Zay b€ =
formed. Thess amell sirculzting streams can also be completely- Wﬁtc&:eacm
cther tlhirough cross walls 8o thal - ‘so-called multiple converters are -formed, which .
’ then m&v be fu:-bhe- dervelopeu accord.inb to figures 1 to Vo S o _ —_—

< . - i s A ~

o PATERT CLAIMS ~ ~ T T

, #loc{!omﬁ:moz.a prcceaa for rrossure h;rdrogena.tim cf coals, tars or minex'al oils in

- »liquid phase, producing a circulaticn of the hydrogenation faed 4in the reaction
vassel, o that; the hvdrcge..;.ﬁor mess, vogether with hyé-zsecea,—wi;!.a.—enter_nne o
section & +the reaction vessei {which is divided into two. vertical sections, - - . T
connéched with each cther-at the top and bottom) at the bottam in such & manner
thzet the hydrogenaticn mass i1 cauged to circulate between the two secticns, whereby
the greatest part of the hydrogen enmtering at the bottam is taken aff at the top, =
togeuher with vapcr:ms and ..E.L..d prodwts of reactiono, -

. #Zo—Procass ac*crc..nb to Pater’c Clairm 1,- charscterized by a tube cantrally c.rranged
Wittt =he Teaction Fassel and peesibly provided with side openings at the top, -
T forms the dividins wall between the two ssctions -of the reaction vessél; so that
e tn&apacewﬁthin-%:&ze—i‘.ube forms.cne of the’ secticns a.nd the spa.ce cut-sids of ﬂla
T *bube—&:m *he othev saction,, o _ e ) o R

3. rocess according to Pawe"l" C.L...im 2,- uharacterized by tkre cent-al tube, con- :
siszino sevemlrpieces of mhe swomh—obher by .me”?eﬁing—@ace&,__ :

7 wlnc-Procesa accord.ng to Paten_a_{}lm\..—r tcj*—cmmcmed—bv—hydrognation— raed
entering tangentially, so thal it will flow towa.rds the t.op in Spir&l atream o
A one o’—vha sect_onsﬁ T - T

I




oeProcess aceording to Patent Cilaims X le.,c- cnaracterfzed By the ssction, S in
- f-rnich the hydrogenai cn feed fiows to"ard’s e»tcp—, “mrovided with gu_ding_surfa.ces I
~giving—the ~KD'-‘F&2‘-.._;..3~73:A?' mass —a—twl st...ng—mti OR -

#5, -Process accora_ng to Patsn‘:' Claims &

fTeed (pcssitly after being heatad by—heat exchange) enterino the raacti - vessel
at a %amps”a*‘u'v‘ consz.aera.bly below the reac‘t,.crf temperatwes _ o
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"“ae hié{x easure materia" a ma.,-' e saubi..vridscl ,;nto 4 ;msin. grouUS"

i

'a) *.ate**iau: euo*e\.t to atrean on‘_L,_ 9' th’lt - wh chwio ;;o- céme '

ia ccavact wizh the cpe"at;ng el ‘*"“c‘c ”h»se are-s I and . the _

K—m\‘tcrialgq Bs,sic ccloz" w":u-w o ST U

‘o) Materia*s co:n‘).ng 1n contac. wi ‘c‘l tha cold ‘31""’.1.(: a:zu. 'vfhi{:h
- muat be les.gt—»proof ""hese are uE,a'zd 83. Zazic coclo: green
—_— - —— B J’

Mate ials coming in contac- ‘with .hs kot nrodur't sr.:z—w‘ﬁcn L
_____must be }ea}:~pzoof ~-These are the 3— mai’.erialavu Besie ° T

cclor: blue, S e el PR

- - DR . - - een

.. &) B¥aterials, high temperature ané. corsosion—proc-.m»— ;}iese are -
the E- mater*als, Baaic color* - ye...lo\v. '

"’he 1ndividum. mterials within. thess n:.ain grou*}r; again dif*’erentiate
between onarating _pressure. temperature and dimenalcn&-»-"h-a—nsya:muy_ior

- saving insufficiently availabdle alloye ‘constitusnts requires that we 1ntro-

duce nev materials of ‘econatruction. 1 W Borm-Betiblaty IC-00 the new . e

materials are compared with-the olad. ‘I’he cld materials are marked withv T

simpls lcngitudinal stripes or the basiz CoiO0Tr; tne*n—aw—vrt‘*—aotbla—etripof

'“he exacs. sep»”'ation of tha 1x;dividual mteriala iz extremel,f— ely- AMpOx fe.n-, =

(The ‘suthcr nere“d:isf-uauaa the maFiring and etamping o" ho various
materials for 1den§ification in the ‘warsholtze. ; e

[ g /‘X

Bahligg er: All oiﬂ the: h‘gh_p_ressure fi*ting parvs of speeisk: materialsesuch
a.a 53, as we.u. 313 _,bLe K= 334 " H= materialse are m&z %resa%séc—after “‘orging

S = . heat -greated.  The tempe*'a sures Jor the.
v heating up and hardening 2u well as the des,rec’u-degree of hardnasa are -
specified 1n‘73p€cifica%iona-fo. ‘heat treating. :Changes in th com-‘asition »"
of ‘che etecls met a.lso be taken 1nto considera%ion. Lo

—~—

(The autho" he*o discusses es heat t*eating 'cnmperatures and’ the“control

: of reat treated ma?erf&lg*n—“re—workﬂmna—and—the—d..ucuniesjn obtaining

’ auiee.ble s:uaﬁ:.ariai.sD gO'rermzen. reotrrict‘* ons, 3tc \o’ no 1mm~d43te interest
to Ls)° ) B ‘ .

Dr;, Clses: - he Lry to- coz;trol ths use. cfvmateri...ls in the simplen‘c poesib}.e o
. manner, - 0f particular 1mportance iz the sgsurane; “Zor examplesy--that-a . - -

ncn-hydrogen proof stcol is not used wh r‘-a 8 ‘vurogen'—,;roof stecl I8 espen—~s T
%41, -Since our nydrogen-p"oo.. stesls are beses ca treils: shromium content

and re chromiun cr,\’ uhenl ce.n easily e checm'exa‘bv the‘*spo‘mffthﬂnom_

4 = Fhe . maghl *mﬁo“tcm . gnd “whielr cen Blst -

be mde w“b‘zouu--d ]f‘cult} at the*bkii\.ung ‘slte. . Beziae'ﬁ chromitn co*nten?: e R
= -;rom abou« 3.% on, n.o.b,,bo.a-mun pDEt-enffn_.‘T_ &z.so oe "'eco’,n‘ized ~by~t‘re Foot— e
teet. ?anadizm conten*s hvwever carnot he shecked 'by 2 sin*le :oot GB"
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- o ghTob il i%bm nomey o arhoSd to suli coerEim ,Ec.?f‘fe-'snts_—' LYhandiE, .
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arive is ws:";b - fhe gfepting suriad - 2c¢ Forw t'mu 1., is
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- “¥elds Reg&..at*ng wvelves ..hon.ldba 80 .m.stal ed That the flow o' the - -
*’lu.d is in the direction of the stem; ik T—Ts—tmrpssurn—fs—against

she under side of the disk. _If the flow is in the Soposite direction,
" the- regtﬂ.ating cone sérves as’ _.ozz.z.e:° “Whlch s mekes :emifatio*““d TP¥Icult.)

Eﬂotor Operated Val*;es. e e T

] (Scnerer &sm.sses the edvazseges of fotor dFiven valves built ac-
cording te "Rauary 19L0H, 1 .;.,c‘lss,go ped ] g' = "’hxi—\ew‘ and Fe
2f rc particuiar *n‘be“est : b : - . o

_ Gates: )

Reeithel: Getes are now zo cons’*uctos. that t‘qe inwa‘ Tressure aids the _
-—-opening. PZe th the same directicn . _lcuation of - the hand whneel, uhe g2 XT-3
.mcvemenp_‘for closing 13 tnr'refor onpos;.—to %0 that in T,:ze va've& ST

~. ~

. Beutne‘ repor,,g that J_e-:‘.cz *n ga«embd due tc corrosion,

. Hah» points outd that gslies eho.u.d. only be used wnere no- d‘ rt or BEALR 1n
—2in_the line. Malexr -pmmv-t- that the nitride casge hae been crushﬂd onJ.n-
k,_d._viml_gate aisles. . . - . g - )

—-icuid Gauges.. -

"r Kanro"‘e°- The seali n.g—ef arge . garfaces and the ‘sen aitiv‘lty of glass
_--Tequire a very careful comstrustion, - Many experiments Rave teer made tm —
-the course_of years_ tc improve iiguld ;.ev‘e indi-.,ato, S.— Experiz;e_nts were
particularly made om the means of produe 4mEtial “tensions - The initial
' tension must- te high enobgh o ‘produce _nfaaecua‘ce seal, but must ot be

gc high as Vo break tihe glzas, .The spr .ng;ng dus’ to initiel tension mzst
be large enough 0. overscome. unsvoidadle devia*io“ in the gla.ss thickness.
ané ihe assembly dimensions., The ;o;..;owing values indicate J'le recommeided
”n-*ng”necassary “to nroduce th equi*'ed n;tiaLJ;ens‘icn“ o S

- )

S e - - T T In s1al Tensions - " Back S’p*‘lng )
Por Eune Framesv T oL Abant 1,000 kg:  About 2 mm -

? "o* f”ae’ 1federn?® ‘ e AbousH3300 kg, ; About 1 6 mm’

: For ::g.uminm 'ss’i-re;. T
T T GempTession s

.

 From. 4 %o 2;5 o = __5 ole 0 xz.9

.-

Prom 4 %o Z. mm - . 35,000

::asacz on emef“’ﬁ'&‘ﬁ‘;.., 'm LW*‘S-OQO L—O—Q@Qﬁgk_iﬁ—&m

¥ith the high initial tencd o DI roduced- by akruminuwm wite many b;azs-b“e..zs C

____;:.gg}g._»,.;_ ’-ﬁth E’cm.a he fremc iz self -—seali‘"g}v because il is pul under higher
: ' ew«:ofmg presaurs, Mot Buna .SONO0T- “ve used for 70T atms.

£ r—*-z&ri &c—nzodu.m Thersfor, - m*s“ .pcl..ﬂ Zavges n?v_e,Jp* 2 -long =

o, been made with ‘alimiaun wive- ‘and siumiaus foll Tor sealing ‘Since:

&€ 'glass thic‘.c:xeos oy vary as wzeh s C.% m% verv zecurate assem'bly isg
qu,,.J.'o:_sr.e,,.. 2l purnaoses, Ior_whieh no eiuminum can e sed "‘:;uid.

wi’xa ges of Bune frames wilh fiber cushions mey aleo be used.




 Pittirgs; S esl‘ng ?ingg -

. i e et -

the e" bows_the cutting edzes on the inside are 'Poundaa o'h;'
in T3 they are broken. "Bends aré novw made up O 200 mm -sizes. - The-bend B
slzes 160 mm and 200 mm are somewbat louger tamn the. ellBows. F“%tingeﬂﬁith-
-~¢cane*flin,ng or cnromo pla£ed_fizzings_a~n_a.aa_aza*AablP -

r

————sea.c*peﬁrin,,s Tor x-ot lines Wi.LJ. in the "utu.e be meds oniy of HBS&
‘with _a Brineil’ perdness cf 180 to 220. Somewhatl gofter Fings ere a*cepta—=

bls for: special purposes "Bellows seallnv Tinzs are the same in malaerial

end &imensionz for 325 and 70O atwe. Biind sealing *1ngs are alike-in
material end d3dmensiorns for both pressures, Scld vlind sesling rings of
tgﬂ la‘ger gizes differ ‘n.material snd déimensions, hot rirge only im

Eaeithfl;;#in

»n pri97 and n*eeadre are &ndicaued on the fiap-.

manomei”"di eks are fu. nigh ed cnlj with 1omm bore. L . )
. - o PN —

-~ It is cesis e& t“a» 1tt1ngs° naruzﬁuLarlv benueo.be provided in tRe.
’we_dlug as well ag the screwsd type.r ?e;d neberds. £¢x 723 ~arnd- 7?0~a“ma°*~

Wwill i thne '?1~tx‘n-s: be kept In glock It %29 plec deesived Lo nTovide
“Yiniting d;mensianﬂ_ﬁQx_i.enﬁea;igg_*1na 4p order to foaecil

fitting. 'mhese ringe showld also be mads eitra—large.'

a Prcater 41*31ng range -

Threengss Our thresds azg"é**ET ot te en acC“*aﬂy corresnond

Ao

—f~f>~AneAf’*.f~A “mediwn-- f‘t—SfO”’dJalBG_ﬁeuo& L@factCI?;tJ3v~aﬁhim_CU“
© dmstries.. In crd_‘ to_=vo’d the frnerin - .hreaug %her ‘should be
g?eesed‘wi;h hot~sseam uy tinder cil _and eollcidal graphite. :

&aeﬂor‘ = neve gw-a very éi”¢ﬂcu‘* tc read Tut seems e daa;

st 23 aem,naed by governmeni aunthority.

Large;y with increase
ete. .

- -melLectionof mate rla?sw“dwl ve*y getai-~¢ draw;ngso stock ¢*8tuo

— oL L2

‘211 of which are not’ imporiant for our pureose.. ST ——iF e T




 BUREAU OF MINES ./

T 085 ‘%eel 182 ,npo 752—7‘5‘

- CmmITT T —. da.nu""‘y_??“ 1915;_‘

APPROXTMATE émm A’T‘IO'QS GF THE HEAT "‘RANS?ER 3omzcm OF 4 “nzzwﬂz& o

‘T'he hecre': ”rmfe‘“—coefﬁczent s bave beeu_ca_c._..at.d_ior;e._m il vapor phase

converter aeing soTs s.mo;ify.wg assu_mptionao The. equata’:crr—
it

5 - - - .';.._
T I
- a-.-.-r'-"?-—~+~~ N

-

ca.n be used in evaluamg ihe factér k I kcai

S : m2 x b x degree -
T ahe tofel—amount—of hesat «..ransferreca. —In this equation, e is t‘ﬁe hsat t"ans For

whichh is .2 measure of

-3
H

cwﬁilc&enwmerme—wfmto——the —J.iq.z—:?;d—(or—ga&)_m_ng irgids, - -

- . X, the heal: ~transfer coefficient of heat zbsorbed dy the outer surface, & the .
wa,ll thickness, ané A the heat conductivity ‘of _the tube material. The tube is
heated ?rom the cuteide with steam 2% a Lemperature around the’ sa’curauion region,
o~ L8 Knosmo TO be very highs end-may., 23 2 first approximaticon, be neglectec%—

wnen computing the k vaiuvs.: The outsids wall teoperature may- be set “equai VO
that of the satura"ed sieen _\aoout_z_zec a2t & presavwrg of 19 atmo e Cc:nputa.,ions
- -ape therefore sssentially limited to the comuu‘tauion of . i.,e, of the hvat
i trangfer fram tne J.x.nmr hwe wall to Lhe st vream of ‘the co 7793_3?..@_ and:_hydrogen

md vtz:n& o

: In orde" to ma.-:e c&_putc.t* ons we must ;.irsr, oF a.ll “kKnow %he corxiitions of -
2low. The Reyniolds coefficient’ mst $herefcze be found ﬁom the- emressi»m_,

L L Y

='dxw.‘~5p_’g\ . ’ : : _-4 ‘;

._< - BESENGEVEINS i i 7 ~
— T —- .
LT -

where d - diamste; of the tube, w - ‘?.ée“«-‘of floé:, ﬁ;_d,@gs_i@y» in g/cm -and T
*bre &solu‘t.e viscosily in gfem x sec. Re is"non-di.mnsionalc s

*—Re ig deter:nins.a saparately for the coal paste and for the gas, on iz he
u.apt.;on that the paste and the gas through the cross section at a given

wvelocity, that Is, that gas bubbles and d*oalets—of—t.he paste move.with the game - R

velcclity ;.nrcm;;h the tube without any mutual effect’ x.pon their indiwidual — - -
movements. Under sucb CO"!d..’E,'.'sOnS , the ce...culatzc"i of tnsir motion is based on.

the *’o..lomg_ R _ “‘h***jw- - e . - ) ,

- “’i‘h veloc.:.ty of the fiow w ie giveh J.ran ’che i.cta..!. t. *uput, cy the equation

_cz:,laﬂc;fcz: the%h‘."oughput*m c,/h S
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i""he crdss- sectw on of the tusa is ~zz, the-total thre hout consi sts of 10 kg paste
and 17,000 iitsrs gas/a (ssasured 2%-159C. and 1 ztm.’ e volume of the 17,000 ii.
—of hz under +hs csonditions in the urem.ar.er (600 aka, abtc OO° ") “s found f*om the -

eguu.L\.-;

" The integral compressibiuty racto. k of hyarooen at- 200°C is equa.l to 1 o25.
We get. then: _ '

Lo

"_._“ 'vz, ,25xl7,0001%xm 58215.9

Qh::uld. we -assume the @nsity of the paste—to be 1.0, tna’t,oﬁ Tgﬁpu:c,oz trs
aystem will be 58.2 1i/h, assuming that the total voIums of the systam is equal- .
‘tc the sum of the individual volumes, i.e., that we may. diersgard ths 8olubility~* -

_of hyd en-n__iie_z_au_ggt then_gg_g_w.aggl_az,a._ﬂgl ,,

. 68,200 v
o _?Bmé— 2‘;1 CM/SOCO

[

——

PR - '""H‘i it

e e Y

“Ho mesasurefen s are Wcmtsﬁrof—ﬁbe—wméee—ﬂ%—?:mv COn=

:_.@itions, '&ere is information that the visgosity of the: *onver‘ber—conwnts—(mt —

aoly thet of the liquid cmzimnts) at the conwerter ¢ ratur? g.s t.hat of water.
_ The value of thie latter at 20°C is egqual to O. Ol g X ex™ x sec” s viscosity
o the. pa..te under the ccnd :.ons aasting in the u‘eheater are eonsrlderably higber, _

I

’inase>001g lxsscl,.

—

- EioR leads W e —

R

A

e - paﬁg < L= 33121%01 = 2;.)10

. T‘m cansity of hydrogen 2t 159 Cand 1 atm is 05 8_;7 x _Lo=fe ‘from nd'zich we ge‘c ita
u_%,da—zsi‘:.ywunder he p-eheate‘ condi,ions as . i . . ,

Y

% = 0,847 x ;0’4 % ';8020 = 2,47 % 10 g/cmB

-

26 e, a6 200 18 2,211 % 10:—‘:{_{_*_&.:'1'381‘:_, ard_may bs

as;sumad as a first aDpI‘GXL:aulO‘n %o be_ independent of pr"eaem'e.~ ?roa. tnis we sr:ay
L »&.lcalate the Reynolds nu:zber fcr ﬂydrogen )

rwRe,' 3- = 20—;7T.L0 zf‘ 2£$le o : A
Rey T 4930 E
- 1221 x 10*1» o il

e D




e T o3 e T ey

e must accordingly e:@ect a laminar flow for the raste, and a turbulent. f.a.ow fcr
the gae, since in one case the Reynolds rmmber falls below “the er itica.l value of
2300; in the o‘ther above i..o ‘ - ;

—~ . PFora laminar ﬂ.cw >‘ a- long_straight tube /wé get the Kusselt zelabions'hi;s__ T

‘Vi_‘_ﬁj_*‘_‘:, - TFa = 3.63. ;17~ oy —— = S —
: where Fu :Ls the nonoﬁmensimau. N?l/ factor Ku = a’ x 8 . we get fromg'l;.hbi;“»f T
- e A
. _%Paste, /3 63 z.%;.,' (A heat ccnductivity of the paste -

- ST - ' . ' // y L in° = eal - "or' T keal v ) '
S — — - /// — T __cmx sec X :!.egm.-’:es~ mxhzx degree

e Ho exoerlmental dat.ére available for the heat conductivity of ﬂze oasteo Va’.luesﬁ R o ‘

- . of 0.3 t0.0.4 % 3.0 S cal/en x sec < degree may te found in li%erature Tor the
. .¥differemt -gils. For coal, also U‘l; x10‘3 ca/cm x sec. X degree. We estlma,te there—-
-'_';A#iore for the naate )

e i . - —
[ S Al SN S . Gy

SR S avowwxlOfB- e o _wm -
—T We',,gmhaz;;ﬁ;,_ e _— T s T

- )0634 = 526 ket ok R A
: . Qthxvdegree e e »

. oran S ,_;,; - 4

Por- turbu..ent low, such as zm.at be as sumed mﬂze ga.s, according to Prendt.'f

gpast.e

— Hafmazm, the follow‘ zxg heat transfer equation zmst te. a.asumed. 7 ) S

- AR ' mu= O 0395 x < 2075 npr (3} T e
.- » . T 3 - N l 5 x. Re°00125 x Pr°1/6(P l) ‘ — . *:‘ Tl f'ﬁl;

L - =-—P°°an&t}. Pactor T ;3 Xe (nond ime'zsmna-) T
T ; e ',3. U,

V kinemat:bc nscosi‘ =

l‘i

. v
\».J'\.{\../&./\/V

m
0]
0

-
- C
_ S €a - thema:;. cond&ctn.vity l
) . . ) U . B i ( .

@
(]
(2]

,e}g - ‘spec. hear,, cal .
B N-a & dsgres

. _ %o 3.5 ca..[g degnee and 2 neatmomuctlvi y% 0.& 10""
e ~/*'x:—~'—-sec~x cxsgree we get*f. R

o rr) wa may negﬁact*hezw the -fact thab- the. vi:scosrb) qngi ne&t conduetd i?ry@i‘*z e
e “zre not actuelly independent of pressure, becauss j and: 7 hanoe Inmthe s=me -
- way cnd the -deviatleas are mut.ua...!.y canceile..a e ; R .
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g

pr o= 1231 x 1075 x 3.5 = 0.71" -

) _ T Qe6 xr-lo'f'
‘The 'snbstitixffléh 1:- equstion (3). gives

602_395 P 1}9200‘;75 p-< 007' i ;‘:? ,3-9;°§3;§§‘~"1d from t‘na‘b _ . -\

=105 x 493070327 x 0.7/ 03

&, = !ifu x2= 3_905_3; 0.216 = 121 __keal »
oo Hz L& H0-02 £? = h x degree -

__EEIEEEILIB'TES enly wlid for smooth atz-'éigh?: tubes, with 'a. propertion of '
length to diameter > 200, otherwise the value &-will be increased. Under -the

actual conditions, Numight vary arcund the lower limiting value.

= Should we assﬁ;n'e the existence of some & value fo?‘thé tct 21 heat transfer "

- -and that it iz compesed of those for paste and for hydrogen. in proportion_of their .
. . heat gbsorptions, we wiil get for 1% rise im’ temperatwe of 17;000-3r Hy amamonnt—
of heat of 17,000 x 0.31 T 5280 cal, while that for the 1C,000 g of paste with.an ... . . -

. estimated specific -heat of 0.475 cel/g will amount to 4750 cal. ST - S

“

RSl —

e 528 XU s AT X K pagte :
Chebal = e e DATEO = 2004 25,2 & 247 —
i R % h x degree

DV o ) 10"01

R el M

- “Thals va.lne:;;:st ihefefoife. be imtroduced into é_q\zation,;(l): foreifor the C—:).S,.Q; '_ e

. "of clean tubes;—scthsf only the metsllic. conductivity ( A of the tube maberial ~ —
estimated at 0.0 cal/m x sec x degrse) is to be considéred in the heat transfer _

Sl

__4hrough the tube walls, while the setond summation factor in the equation Q) =

___becames small enough- to be disregarded. —In-this—ease, . -

.

e — ) - . - .' - ) . T kw’ N . . - o " 7 ) N v..“..“.-:.:::,.;‘_:u... .4 pan e
: I P . B L~ ¢ 2157 . - —
. . . IR - . L4 &2_ " , i = o -..7.....,_.7 f-m=r ; e

e ~—— - The actual k valies dserved wers between 50 and 90, and ﬁi'ey'*a:fe?i ‘hg_;ré_f'ox_'.e- .
above. the value for The rasts; but much below thne anticipated total values: This ~——

cen only be axplained by the poor conductancting leyer which will.at least interfers
- withthe transfer of heat to hydrogen. - Anyother deviations which actually exist - --
frcm the relationships-assumed here, such es the greater velocity of rise-of the . I
- hydrogen bubbles producing vortex motions inthe paste, could only occasion a =
farther imcreass in thé k values. Should we assume, however, thal hydrogen doss . -
not came into direct comtacht with the metal of the Lube, say for reason. of a ‘
continucusly present layer of the peste, thek _value will beTmmediately greatly -
reduced. Should one for instance assume thet there remains’a.l mm thick layer of
paste, we shall obtain, using the values for the heat conductivity of the paste . .

agsumesd above; —

(I U S O
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T m X hox degree for .;d‘m:gen_‘ s
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TRV TTe

'”OCO_‘L

or énly ./Z;. of ‘zxe Valﬂe fomxi prevz.ouslyo '!'his wauld giw

R 28 1r7 be
- ktotal 2228 X :§° 75:£53

' a va.lt.e in the v*c_.ni y of wzose fox.ndo .

Sterﬁberg/uc/fkp
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Abstmcu o&?ecmu Bepofs @ -the

- bﬁﬁ:g —of 120 =r Sealing Rings

' of ES5-madericl dus to inmoer pres-
. surs and with Tory.-%ight drawmn -

,‘bolxbs' gated Ia&eigshafen, =

e Julm 1936 S

~ =7 Op 40 this sime the sem..ing r“..ngs were genara.lly bcz'ed eaaller in
dim%rthmthenmmaldimstw, m45xmokoﬂ the bore Was 42 R,
which wes decrsased Ty &8s much as 2 z= by the bolts dramn izgat in- opmw— -
ition. The fube &W 3 tricted up to S Tm on the dn-
ner__@imm of ths 45 B2 E. D, "‘1:'.@ 200 Eo D3} - seaiing rings were wored to
Lt IS0 mm. Cz-the basis of & previcus -zepiTE ns.a?e ;s.»_l%'i_ azﬁ:‘mg-rﬁ:r
L vers mh@n bomd out to their }35 Bo

ES feem vfa‘.a Yo~ mﬁe %0 @ete_‘ : "-T“Cﬁ‘e‘m"om&.uion of &n 120 =
7 E D, sonling ©izg OF mmm—wm%g%axwﬁa--'
- ipnez preﬁ'@i*o "o Tredustt by wmeans of & -hend prosSsurd pusp- exd-a-spindie ..
prase, using deﬂ.‘..— oil. A& ozt av 325 ats. was slsc mage “with nitrogee -~ T
The tighiening of the boits was dms hﬁrever ncss.ab‘ls, by a eram méL -

- over & ml..-&ymmheror: ’ T - : =

~

o _ The-35 —rmg ned just-boen tc..;m frm .,h&.u.c;tm saop m 653, wheoe
——I%-had just’ R ok coanw‘teeo 1% hed o Srizedl herdness of 153, given us oy
7 +the i Hoterials a.eming Departzent, Flanges a=d bolizs of xG3 mp.t@rial. GeTe
- Goksd feon stock. —The Dolts hed on avernge strength of 74 kgfest.  Ths To-
' quimd»pisces o2 tube of 22 material wore fabriocaisd iy the ilathe Skop I -
653;. Tubs~l showed a Brinzil bazdnesg of 197 in & strengih Yest, Tubs-il
e BrizznsD. haréne:ao Gf 226, Ths Lirst £lgore is ncar the lowsr,. the lal- -
“or Rigure— M&W gemgsible—lsziw_ﬁ:s__saeahls of the picoes
was—;ad : : ceh 82434 4n vhich the recuiyed dimnsimdpcnats
ama.:.sqs ,7&9@:%@1&1&%&3@:&@&1@@&1@&82@@- '

poesible alld mm&nta wore teksn. with preciax.m' ’*'vtstec.tso

——— R

o . Aftor the requireé.—v_memicas o" %he indivigual ga.‘.us "&3"“0 taken e
e J.:sfere msem’ﬁly— the fiange cerzoctiom was. mede. Tume gealing sing was weid .
S alignod; $ha-bolts woze meumisd githout efprocishls teasicm snd Shodicmelors . -
— _sad lepgihs wore agaim moar mr.«a “ho bolte Terc them tigntencd by meems o
- mmn@mmwé @itk 2 ﬁ%mllcma;ommm#ualemr.:ao‘“
- 700 &e, and this. amd..tian zaz zokedo 50 kso ccmsyamas fso t.ze smng’ah o2
7 & BRn nging- oo R ALTQT SOTTEANE T a2 SuUrE
" %ept wes made with middle-oll. Tho pressure Was alowliy in~*°ess~ed meil e
— . aboat-R60-a%s. 2 ledk. ocoraTed and measurctnenta TOXS. %oEeR. 100 SXreasure *swy
then roleaszd and moesursmants a,gm" ~te¥en, +Simcs-tos Sirst coadib'fca Wi C
. EQ kg: puli cn ¢ 700 =R lcm“ arm ¢ld not crovide the seali- 2ac0ssery LT am T
 cperating promsuIe of 325 sbz. thO. ”'o.!.‘:‘.s TorC GFETR ‘?;4.3;15 '&}lu& ‘.QO x;g e




g .

“grenel with 700 =m lsver 2rm. Based @@ ou former emperimsnis. thls cezress |
senfs apyrozimately vo ths padl-of 2 por@sl mom using OoHR aTmS. The DeasuIice

oo wers &iad acted in this conrditidam. &2 the then folloving pressure toste T3

with-oiddle o5l ths:flange ompoctica-was abscinicly tight at 325 avs. In
 this test with nitTogen and Ismeorsica Im aR o5l bath no lesks of azy kind @p-
- poared &% 325 ate. 2L£Uer noting the ssasurenends iz this cwmditice, middle .

ais. ond messuremonty ¥ere taken ab ‘thiz pressure. The prossuss was then o= -

~

-7 lodseé end mecsurcEsRLs Tero _agein tekenm. - Simse @b 430 &bs. 2O lezks ecourred,
the pressurs was furkher: increased %o 500, 600, TCO atb., wmtil at 730 abs. .
.__agigne of losks appcazed; which was-proved by tike inserticm of biotilng papss

— 4w the slit beszecn ring and tube, aithough W ¢ dynemcseter chowsd me pressurs L

- cil was aghin @pﬁefemtmmmﬁam—m@ma@omwaﬁ

- 4zope ATter pobing the pessursments, the-parts wese mocoured. Bith The pressure
' psleased and with locse bolis. Sinoo &b 780 ats. the applicd pressure Tas aYe—
. ready 24 tiees ths oporebing ing cape were nob. conziFuch=

' @;;fcﬁ ki gb»pﬁ;@ ma 2@ 3 —-_@5 AN DT o 3 oo - T TORD '_.u = oL, XOTEWM%S‘BS :
-gere made-with-the -iRKer CHEGES P The gorcEs ware now pulled Light

" witn s wrench 1400 mm e itn 560, 150 and 195 kg.-pullsnd then meeswmode. .

TN

& farthor imcrease-in pulling power was nct posciblc becsuse the mouth of "the
wrenchk bogen 1o OpRR. 7 o hold the-ilsbge coapecblan against

L won e ghtenod with -700 =».lorg, WEich was givenm & tep wARR — =

—Surning,—A-ocn v wss thorefore sesarted to and the

gre

& hagmer weighing & kg, 4 %imes ia succsssicm, and sore Ghon ageim measured.: =
| Since tne stress - the ring end bolis Was already. above the slesbic idmit, - ‘

- 4hs dapping oquld hzve been conbtinusd et will, - AfSer thiz gperatica-ths
' £ienge comnecticn wes sgadn dlamantlied. The individeal PSrbs Were Ressured
ené the ppmmtf&mfomti"mfdef&rmine@p e o LT

The result ‘o2 the.deformatim of the ring is

L T E.2485., By moans of a-mermal two-armed puil e & wremeh 700 m= lmg, f;ight-——?" .

- gmes ws %o T80 ats, Se_atiained in e cold canditicn. A4 permanent defarmz 2 bden -

—goeg Rot osour in the bore.. The cocurring chsnges of 0,02 mmere within the = - 'A

1inits of the permissible inaccuracy in messuremsnde The crigizal-smnuims S
cegsure _rings of both conical sarfacst have been widened 4o pressure SUriaces

sbout 5 pm wids,  Hozever, K these pressure surfaces navd B0t yebt esumed the— -

 goherical surfaces of ‘the tubs eads after loosexming, Lut 8311 form spherdcal . .

" sirfaces With @ Tadive somewhst lavger than the original. The stress camdls-.

. %ica atiained in this. manner i therefére etill elastic, which must be com=
_sigered the anly correot ccaditicn for this flange comnectim. o

T Pus—to tae excessive pull end sapping of the polts in this case)

B L

“tho Fing bere was dscressed by about 6.5 PR and iis cuter dimmcter sboub - s

—.i 4.5 =@, .The ring hes poE assumed the form of the ceniezl surfaces of ths.

"&'ﬂbe ‘ends. %Zke ﬂo&i&s Of-the ringa toward the mrﬂc?ims a mdp:OC}l S '

smglion O Fing-gac S0 zealing surfassge -

-

___i"m“ mmm ~the 7_ risento_aBrmnv
bardmess of 1. — — =

r—

& ol -9 K 53
3




. . The deforma on of ¥ne Tubes is given in Sketck ¥ 2486, Bo eppie~ -

cisble Perminent Esforzaticns have cccurzed -in ths tube dismaters and lengtbs . -
- evem at the cxsossive lccds. The decrease in thue dizlence betwesn both fubo - -
_ _ends, shich rescked a meximm of 3 mn, is dus to ke doezsass of the-ring = .

—

ir lemgth of the bolte is given in Sketch ¥ 2487. - k
cate the power applied to the flange. achnections . -
, ,‘ bolta ere longthsned 0.05 =2 by the applicaticn of -
L a 2-ermed pull (test Ho. 6). At a pressure of 780 sts. (test No, 10) this -
- 7 value rises to em average of C.l mm thru the increass of the ‘sealing ring
o diametor (self gealing) and regains its former velue whep the prossure is re-
T T moved (%8st Ho. 11). I ke bolte are locaenad (test No. 12) the opiginal - e
- ‘belt iengths ars regeined._.Ths stressss at these lcade thsraefore wore with=
- 4n the elastic 1i=i®¥. "By the applicaticn ‘of the opsrating pressure of-3R5 -
- ..;—aw,a_wmww 130 = recsives a lead - :

e a2 iF s X ozms s

f

. o | S e . o R G R s |
S - ﬁh@:leng‘ﬂ;j_p:?‘ﬁh?I;WZWOTNItst;m?fo@M—&_;;__ —

. 1 =2200:=m end 2 shenk_dismeter o 32 am, the aversge chonge of lengthA - ———— -
L2 0,0065 me In test Ho. 7.7 The power applied to e bolt ' e

. . e

R B

= EEZfz 2. = 2,200,000 % 8.x0.0065 = 5720 kgo -

LSS

 amd-for the enti}'eﬁmg& “eczne c'e;iE‘gf gEeIts . T

“4?-7 s 8 < P = -'c}‘vgr_i?ZQ = 453660 _3?8&

Hith e perfoct seannsm and olesn ring surfaces of the “ube er ds, o
T T T ip3tisl stress of ebout 105 above the operating stross is satisfactory for . = -
e & 320 Ea eold lins st i ats. Since a press Caf-730 &tz .-uas o

- T Fith this slight.initizl strscs, seif-sealing of th sealing ring ccourred,

‘which is alsc_sppacent im test Ho. 10, For salo%y, homever, the bolts would — -
paturally be_drewn tighter, aboud Yo the extent alow in Tost Ko, 13 . {100 kg "
@ a lever arm of 1400 z=)o The pewer applied to & belts is calculsted to be -

. This losding ccnditica provides am initial stross of asboub 25 %imes the ~ -
. —sporating load {P3).  According to former-tests made iw Cppau z= ipitisl =
T — . otyesg-of 1.8 timos Py ourficos Lo 120 mw L1zuge ComBoch =6 —4-sbeongar...
- rteming thap thabt-indicated=lin leai:Noa. 3 sacmid-bo-evoited.—Tith-.
about 200 kg. o a lever arx of 1400 za the clegtic 1imit of ok oOSee- 48

=<

" roachod apd will be exceddsd at the first taps

' The tests sb<E thab 25 excessive tightening is reguired for seal-
- _.4=ng egaingt 325 etl. ‘A Brinell harcness of about 160 ;g;_ggqygh--fcr a sealing .
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By o vepping of the boits the sasiing ping LoOrS Imy te do- .
cececd ab Wiil, it Ghe proseab. sage by 6.5 =, in Scholven by ¥ =me —i2¢———
bolls 70 permamemtly. levgihened I ZE Iy this. . & Zienge cermeeticn in gush. '
en weocniEoilsdle cirese conditimm, o vhick zoonting - ead heet ziresses viil
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.~ DhANSTGN POINIS FGh DETERMINTNG THE DEFGREATION
- OF & 120 H SEALTNG-RING OF N5 MATERIAL

“\\xf\'\\\\;s }

~For results of ’l‘est aoe'
3-24,85, E=24863 H&AS‘?
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 p.0.%, Reel Bo. 5 — T eyt

e e S '.,f':,,ﬁ_'.:?*rl'ge,t veT tc the 1. G Farbinindustrie A.G.
o T ©Maren B, 1937

THSTRUMENTATION POR THE GAS S PREFFATER OF

W—-——————-—'——-——‘——_

THE BXTRACT HYDROGENATICH STALL 17 OF THE'
L&RGA SQALE PII:O‘P PL&NT AT WELHEI‘I

i .= e e e T T -

eI ‘the di:tcuzsioa .between ycur Eg*neerg Biegemann and Lsdig and our
T Dr.. Schulze.on tha f£irss and third of Mazch of 'this year in Ludwigshsien _
—~regarding the shlerging of the gas nreheaf.er in Leuna the following provis
2ions wers made for control. meawements 4n the gas -preheater of ths o6z~

) traction hyd.rogemtion stall stmctnxwg and 17 of__ghe_};a:ge_«cale—mnoz\_
- —p}ant- Vel_.eirma

O Amount of Fuel Gas, R
7 g
. " The ‘cot-al‘aznoun‘& of funl {gas is. meaaurcd——by megns cf a_thro$ uling ] T
- '-—ézm}er and a- pre;sme balancs. ~The follow ng has been ast” for the or:igisw EREE
’ nally foreseen size of the gas-prehea ter and the ammmts oi’ 'P:..el gaso

PR PSRN

nThe total amount ef heat introaueed. je 2. 700 00G kca./h- with

heating valueé' 64‘ ﬁhe gas of

}-—mim—voinmc—cr —the—ges—igﬁva'lo m3/h '

3,500 kcalif"J,. 4 DR pet 3’53783“3—;—”—1‘&”3/!’7 - Z"”A“-—W*“
~-—1+ ooo_xcal/m,,_t}m_volm_oi ~the_gas. ds 675 m3/h. CT L

all referred to 0° and 760 m nermryg : e

¥We may asa‘mne 1/ 6 of the ncrx‘:.s,l amount as tha minimtm amountb

"The amounts are increased for the onlarged preheatera We request infor-_;-
--mation-on amounts of fuel gas requirements for the exﬂ:arged prehsate: to
e ena.ble us tvo meke e.a:sper calcula%ions‘ . _ .
Gas Pressure: P‘“:“SOO;_QDO mmvater colmm
" Gas_ To:g.perature. ‘About 15 - 20°C — - ) T
“Specific mlt_trkbm—e—?’a—kgf'-m3—at—0° and 760m mercnryﬁﬁ____”_ ' -
“Mameter of Pipe Line: LDCW—WSQ—M-&WHf—&G—p&pB—Li&‘. B
= pTove insgufficient for the larger amounts of Tuel gas than originally
' “foreseen, we would request you-informing us the sige of %he pipe 1iino
- diameter wkich will be needed by us\tn t.he compute.tion of ’che throttlinff
. . 81;&69_, -

11 ;""Kethod of Operation. o o S SRR

SEDE _ _The e&g_p;‘gheatar copdsing & vertical arrangement of L circnlation gas
. neaters, each one cof which. 15 ecxtpped with 3 gas- burners.  <he gas uder &
o %~;p‘remrsA* 4050 mn water i3 tn,jected Y- xneaxw_of air-a% 800 azm wgler -
S pressure and is usuaITy mf.ect“beforemmst-on— 'B&&oixmazionmw R

“introduced Into the four heaters in a stmcture eq p;:ed with the_3~bumers
of- zhe cireuiation- Bee- heater.,_ _'  - e

[ . ——




R When lighting the converzer the air damper is :ts.rat opaned. and the -
.~ converter purged with air. -The piloz flame 1s then int*oduced or 1it- and
- only after that iz the gas velve completely: opened; The aeut;ng of thée - —

“amodnt of gas ig done by setting the air supply” ‘fvhic.h is d,one By means of
one slide. for ..he 3 bt.zners o‘r—a g_irculat:.on &8s ‘heater..

.-
-

' l The setuing of the 4 air dampers may Dbe done° -

——.w--a. Direct Y at the damner Hand operation of the wheel.

<

;” b. From a central’ Iocatiorr—hy..ua‘ng._ahe Aaka.nia remots
R contro}., o-oerating vs.lve of the steering awlinder by
‘ hand - . _ -

)

- There is 1n addition -a hand’ operawed coaree slide useé‘: for the genaral
e ;-rogula‘ri‘on‘—of—gimup;y., e . — . —= =

2 The opening and" closi:xg of the £as valves can be meo,,, -

a. Directly by ha(zid a.* tne valve.- R

3 O U e —_ S

. ,.._,_,‘A,“_____‘.:H_ et i___‘_;,‘_" 3 5}“ ——

b. Fro:n & central loc&tion by using the 521:&::&3 ‘rémole

~control, Oparat‘*ng the_eteer" ne c;;rl;nder 'by tuming
va.lve ’oy hand. ' .

ey /III Satetz Insta.llat:lon.

Should *he blast—'be i:zt’emrpted Bacause-of 41»3&&&0@ oi_tha_aleczﬁc R

power, or when the pressure in the combined eir pipe line droos  to below 200 -
300_m_wazar_colnmn,,,an_autcmaﬁ_c_shnt of? w»alve 1 wils~ cut the gas sumly fmm

2, In cage of hi gh excess prazsure. 1381&0 the gas. preheater (e:ploeion)
that is when the pressurs in the gss prehseater exceeds 300 - 1,200 mm vater
. “column, thers 18 again-& ‘guick shntoff of the gas supply @% the main-befors - ..
its diﬂr&hution&o the durners. by n:ea.ns of. qu*chslmsoﬁ‘valve& inetalledr“ i .

:.2 caae of fireo,,_

: ,--A»Vv_’-k.—A contact. armgement,is to be built-at ee.ch of the. 2 circu.la‘bion -
- €58 blowers of the ‘circuletion gas pump in Leunae BBhlen and uagde’burg, which -
311l start an alarm 3fthe blower siops. - The. coentact is closed by the dro;;ping_ﬂ_ o
pressurs in the suc ion pipe line of the pump which normally equals %o 200 @mm ~° =
water colvmn and becomes serc &3 2oon £8 the dlower stops. -The alarm-is soumd- -
ed by a—whistle with 8. s‘.m:l*ansons indication-,by & lamp. The locaticn of the ‘

. lnucavur -’“ St —C o TR - - o AEFavwndinagd £ ER e nlipn A ro s lyY

1!1 the serviﬂa depart.ment)‘,,_,_ , f, o i_i;{,_.A,}:i#; )




5. The prenu.re 02" the fuel ges (900 mm water colmnn) 18 automticaIIy
redncod by a pressure reducing valve %o 40 ~ 50 mm water column.- In normal
_ -operations with a heating value of gases of 3,500 - 4,000 keal/m3) of 150 - -
© 200 mm water is.sufficient, but with poor gas (about 2,200kc31/n3) a-gas

pressure of 500 mm. water cd‘lmnn 18z zrecesaary u’n'en tﬁoMerLarropMu T
'_‘—m&rﬁfullloud— = T T e — - .

IV° 7’ Tempemture !ﬁaaau.reazenzs. e o o

A-sr

—The following nrovﬂ. sions nms% ae m’&e fmeweamwmfcﬁempmmgz

«o%wwtm ofdrauim L 29571, L 8492, L shoe—erm
" the 1oee.tion “of the themocouples or their junctions are ﬂhom, _ A‘ »

;_"_‘ . a.,—la—thmocouplas ot_iron-&onsxanm-tmramop———
g mixtures of around 56COC, and which should under no con-
ditions excoed 6002C. " The Junction of thess thermocouples = -
must be located in ths-center of the window through wvhich

' “the gss enters from the mixing chamber in the first path, -

~ ~ Six thermocouples, namely ths lower and the upp2sr one ;
tngids of each circulation gas heater, are connected to .-
the temperature indicators in the service stall.’' Four
thermocouples; namely the niddlc oae 1nsido of each
—eirsuiaticn-
tact gaivanometer ‘whi ch’ produoes ‘an a.larn whem ehe —
temperature exgseds given 14mib. - <o oo :

[

b ?our thermocouples 5 of" 1ron—Konctantan Lor the gan :

zsmperature—ﬁn'the —change from pass 1 to paes 2 of -

= %emb’s?—mmemcmm—wamd that
. the Jtmction- again am—b—%b&#‘ln&% :

.. !‘om' 1ron-chrstants.n thermoqonples -t0 massure. gas ;
. temperasures where -the gas moves from the 2nd to “the
___jrd _pass. - These thermocouples are so arranged as to
: ‘,," " be againm located in the centers of the windowe in the:
T Ist and 3rd passed” lcavtng sufficient. f*ee way for the -
- additional” introdnction of & hairpin tube as anown in
“the drawing LBNGT=2. - Tl T o

?our iron-»xonstanta.n themocouples for the ga: tempora-

- - ture &t the outlet of the gas from the 3rd pass into the . .
-eirculation gas pipe line. the ,jnnctions ot theso coup].es

- again loca.ted. in the vindowso‘.'i T LT TR

- Tm—ironpxonazantan tnemocouplas for the circulaticn
T ges temparature at the intake. of the cirtmlation ges.
T 1nto the blomsn ‘,f_,,_' e - e —

f One irenoxonstantan themocouple for mo cirmlation .
- .ges- txemperatura at the ocutlat of the circulation gas ..
‘from the Blowera whick 1 & préssure 'oipe Yingfrom T
both blowers. . All the themoeou;ilee from b to £ are .

alao@. sctad %o tne central inpirument 131131 S




_ Leuna does nét approve the location of the thermocouples in the gas
- preheater suggested . by Iudwigshafen in the drawing L 7591-2; deeauss of = =
the metallic connection between the iron packing nut of the thermocomnles———
. -with the high=slioy Sicromal protection tube, which may fesult in errors .. .
__because of the thermo elsctriec forces produced. The safety case provided - - T T
is also coneidered undesiradle, becauss it greatly interferes with the T
~ control of the -thermocouples during cperations. Leuna suggests an arrange-
- - fient of the thermocouples vhich has slready proven satisfaciory at Bihlen -

—— '~~~ “-and at-Magdeburg end-nss—introducsd- no—aifficnltien in temperaiure _Reasure— ————
= o __ments over there. _Scheppart agrees.with the opinion of Leyns, The total o7 T
- 4rom shell of the gas prehester.ig-mace gas-tight, and Eng, RiegaTmenn — " -
' suggests-improvemsnt in the packing of the t”a thermocouple openings with
, - asbestos cord-by using etuffing bones with grounding rings and inseris of
. __ porcelain in order to prevent metaiiic contact between ths thermocouples .
be. This form of ingertion of the thermocouplss has -

wrs: and the protecting tu

. 3

_been shown 17 the sketch made on-Farch lst this years =

2.- The f:lnned Subes: . . I.

: - — N SRR S

' e wall-tempersture of the £innsd tubes should be measursd in- . T .

7 locations; mumbers 1 - 5 at:two-of the Pive hottest hairpins in the lst
. pass_and numbers 6 and 7 on one tube each of the two hottest hairplins of . .,
- .-*he 2né pags. cf drawing M 2801-4. The number of finhed tubdes ghown iz -

M 2801-Y4 hae been taken from your drawing ¥ 1L85-1, and does nol thersfore

 -correspond to the.snlarged preheatsr.

7"~ When iatroducing-thermocouples for measurement. of well temperatures. —-
- : _your sketch N 3949-2-ghould-not-be-used, because thermocouplés built.in .~
~————-——=——socordance with this—drawing-are-nc-longer. snisrchangesbie without sghut. - —.
L .~ ting out the finned tubes. Temperziure measurements vould be missing" -
should for-instance ths thermocouples bacona defective during opsration
_ or when for any reasons ¥hatsoever = tosting of the thermocouples would: .
___be found nesesanry during operstion. For that reagon,. Leund suggests
_inge: > the thermocouples in accordance with drawing M 2801=4 with =
" - %he 6 x 13 protecting tubes for the elements not placed as -in-the =~ ..
_drewing, st & distance of 75 mm, but &s close as possidle to the high. =~ -

i Y

_ pressurs pipe. The exact construction will be again discnssed with

T = —the main shops of the ammonis woTks WheTe the finned-tubes are-being S

o mangfutnreﬁ‘; - _-

-

¥, Prespsure Measurements. — = . T

"7 %na locaticn-of the pressurs measurement may remsin &3 ordginally
suggested, but with the recommendation that prsssure pipe-Ytines bs not
.fixed in.nosiiion, because sccuratc determinations of pressure ars only ‘-
- possible with in@srted riser vipes. _The vertical riser i3 & tube clossd

" 4n. Pront-and-with ab. _gm_slear croas gection and which hag a hole .
-~ “3p Pront for transmission Of prégsurs, ebont & mm in dfameter. Whenevsr - .
" - messurements are made these riser pipez musl be Tasarted vhrough the —————
~ places provided into the gas space of the preheater: -

S R oo - P R P — e

e P




©T % - Drawings number L 2957 %‘»1.’, L 8497=2, L 3949~2, L 8430-3, K 1451, ¥
2001-1 snd the skasteh for the insertion of the thermocbuples are sppended. ' . .
| We request your sending us the latest drawing of the enlarged preheater iz -~
““which the tempsrature and pressurs.-messuring places are-shown in accordance .
‘ with this letter. (The nuxbers of the-drawings ars very difficult to resd;
 no drawimg go with this erticle - Traaslator) - SRR BT

fs/ Strombask - -




B”R*‘-’AU or-' MTNES L
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2 hu.tor at Gslamhorg aﬁor 15,040 hours. of oporatim, and ‘has ‘been m:tigaﬁd
- _closely achering to the: inside was 8 mm thick mdndncod_
thohnat transtorbyabmt ono-half Tbo share otthohu.t roaista.ncc ofth-

v -mrpinamm; effoct upcn the heat transfer, The temperature. in the
. wall-of the high pressure tubes was measured with movable. tborno-conples andT:‘he

__drop.in temperature in the-parta of the tube without fins
omrotmmntaftcnpgmtuninuhtimtoﬂnmberdmamgﬁnaig

=

T, Wo Wh&irpinmmm&”ﬁca tbs gaarprehzator at*bhaﬁolaen‘-
berg Bensens A-G, The dimensicns of the tube were 90/171 mm end it was strongly
encrusted, sc that the N10 material was probably harmed by the high heat strains,
A-gampls—of -this heirpin (G72)-was-sulmitted Ly Engineer Schappert-for investiga
~ tion to determine on it ths heat trarsfer coefficient of a finned tube after .
35,040 hours of operetim and in addition strongly encrustsd,; The f£ins were but- -
- . very 1ittle attacked. Ths accurate kncnhdge of the heat transfer of the-incruste- -
——— —%ion-deposited oo the inside of the tubd to & thickness of-10»m was-here o€ -~ - .
E :I.nterost; tha mmuﬁcﬁ—cmmd ot s thin deposit of iran sulfide with over-— -
tha mdmgodputs oftho crnzt, bectmae tha hochdm
permmdtharofmwﬂ.dhavolmr A velues, .

“***— —4-—»---.%77 “The- qmstim octhJl teupmbm'e m&anrenents ot ha.irpin m
. ' htportantc - The thanocouphs were faetanod a tho gas side of the surface o t
The best

R 2 ggﬂd m_g_m be remmd ‘Eo =
nuhh“‘:ixphr tomting or thwehunt cansists in locsting: then In the_ -
thetnhmm&mbﬁwithmrbﬂmforalmgthmmto

hars‘"‘"?‘ > 12 ?ina are =lssing, (This arTengemant wes used a%. %nuo) B ""“f’“;




Zn the latter case m*matmmmm hsatm fiow aw‘cross

conduction® through the tube wall from the neighbaring finnsd parts; or by how

smch tke tampsrature m 51nk at the froe paz-ts of the\tubss .tn cmpariacn vith
'the ﬁ.nned;:arts . el . _ —_

T D*. Seibart at Gelson!arg is trying mtmmwum S
to detorming thcmtica.u;r the proceases of cross camducticn.  The dependability -
- ‘'of the computations in suchan extremsly-complicated-hsat transfer problem will ..
, ‘have to depend on assumption of the distribution of~the heat tranzfer coefficients
. and the skeps of the £ield of flcw, At a suggestiom of Dr, Seibert, Liow experi-——
‘ments vere carried axb, the rOsRits of !:hich were then im:odnoed bty him in ac-
cordance with the impuiss theory, but the heat %transfer waluts gave too-high:
. _technical regults. It appeared bazically simpler to meaam_thaiomperatum_diae
- ,_f--tributim through cross conduction in the tube wall using movable thermoccuples
: in our testing: laboratory This would offer the ahmta.ge atdirect dstemina
“$im of the \mknm tampera.tm distrihxtiano R -

Tmoxperinentalfinmdtnbasmr;wtmm‘hhe o

Both
Wbefwm ‘set sids by’ sid‘e"gt‘a“dfstanctnpart of 40013, the width of the path = = - ==
710 =m,_ The fins at the left tube 37, mZ%xBEmmmo,andmamhat"— 5
400 small in camperison with the nczrne.,aiza o 270 x R0 =m on the right tube . .~
%%MM&—WWMM—&MM —

IR _M;.gaga.in_a,hon an sheet 2 ahare the =208t ﬁnportaat t:ha BSaASuUTe-
mtsm-gim. Thoodge;otthatnbosmmdmthemalwfm‘thon- -
_tention 6f 2 screens in which 2 steel balls were placed for ihs improvement of

= the heat transfer. The irca-konstantan thermoccouples are soldered on to m.ll -
'—capper plates 10 x 10 x 0.5 mm, and these placss fastened to_the walls with -~ -
-pointed amlrodaattachod to -scmé cross gection of the tube. There are 3

cmphammgodatthoﬁmtmdthobacksnrfmsmthedirocticnetthem

" stream, The msasuring places are marked with & cross in the drawing. Driil e

holss 6.5 #n diameter were made in / spots alang the lengtk of ths tube wall of

tube 38, apd they were 610 mm down from the upper end of ths tube, A thermocouple

can be insersed inte the drill holes, -The thermoccuple consiats of Iran-kcmstantan -

- wires-fastensd in a copper- -cylinder, —This-ocylinder-enters. direoctly -into-the drill =

hohandiapnmdamutthom]lafthembatymdmnmolnpﬁngs,

rhichholpittomchthetomer@hmofthetn‘bawa.l}:hscmnxthegocdcm- R

‘tu.ot 2219lmtimarthemamt&usmdtobeatmoew'thooymdar-.-

R i TR e

thboB'?hadnodrillhelosinthe!aIlo

. peries of tesis. Ssptember 16,r1942, both’ tubaa were. tested in the enmatod ata.tao R
* . Tube -37 ¥as next remsved abd the crust drillsd off, ‘Tha:tsit-niﬁe“cn—%tobgn—u, S
_ ..942, ga.vc the ccsparatin values betmcn mwted a.nd ncn-cncrr.stad ta:'mo L




. ‘!nbos 37 snd 38 were nezt antarchanged and a ccspmtive {88t was rapu.ted @
~Foveaber 18, 1942, The upper figurs cn sheet 3 represents the outer heat trans-
for cosfficient . ac According to ths forzmer definiticn, the zmount of heat Q,

e =

-.refomdtoﬁxamranrfaca?aofthatubaandthsm,aswallsstothateaeg

- The uhtfanshiibe%wsena veluss Trem the r.zel gas velooity—in tno OEQU; T
2&53 in fraat of thé Tubes ha.a been pictted. The ‘emcrusted tubes show a heatl.

_;;,_,,;V, transfor mlpme_h&lt 22 gredi es in them-ﬁncrustad—tube 3+ - The heevy-orust

_ dastroys all effest of tha heat transfar from the gas side, as. shomn i the almoat
I __whorisont&—atraight line, In coantradiiicn to this, the non-incrusted tude shcns
\ ‘& marked increasze cfz ., with the velocity of the gas., The difference in the
~waluss of- theaene:matoa tubes 37 and 38 ie a pursly mathenmsilcal conceptiom, cavsed by
different F_ valuss s a result of . ths dirtcmt mmbero. ﬁx:s—axz& eurfeces of _thg
two ‘nbs- .

. J— B . - . . v T L e

__ ~— w~ﬂ--?bp latter vinpoiatﬂwn—as-ths—factm#ﬂth hmasing incn'nstae- e e
LIcm Tk Immer dismatsr of t‘fm*u”mazmmw

_comes smaller, make it appear profitabls vo give a new definition of tho cuic>
- heat traunsfer coefficient in-which the :lnnor ‘lmbe sﬁrr;oo otfoct is ntmdnood

N :—.*“—‘ —tufri-wba as refersnce - mza.co : -

— —

—_—— . N s - . M

_H-mb- = R W -
o e ii-mb&: (tg —4%- )*__,3,_,* _— o
Tho mee.lcn.latod hoat—transtcr cocfnoi‘onta are ahm in the bof‘.tca ﬁgxm qf e

.. sheet 3.. Both tubes, 37 and 38, transfer hsat alike when in_the‘mtaf stateb
' The charactexr of the.curve is no differsnt from the cns in the mpper figure..

“+ ;‘_* D

g = ucmste.tm t:lll m’du*ca—m“h—aa"cjcremfez of mins'h'w about m-half

e bs SR LUre Beac ents ‘Ihsse mments.mmmde byinsta.llw E
:*A-—ﬂngtnbs%withthsm‘b—on—%bam Tube%thahﬁmn]yaem&totﬂi‘

ths psss, The sncrusted tudbs wes .ntenticaally uzed in these messurements beceuse

this war tho state in which it was _present in the ges prehsatsr afier a lcger o
' operatian M@M&%}W@M%&cmwmt
“the strengilk of the tubs matgrial, In the tests of April-22,; 3943, tubs 38 st41i

' Mallthe ﬁnss mthemxttest ot/ilai% 191,.3, Bﬁns—wem mmdfroa.tb_e .

Ll

S

7 "m@s@ m‘ﬁ f"-meBrW 38 of couree actuglly*a heat m
crwﬂzich ~45-compossd of “several ocnsecutive znd parallesl heat msistaneeao T
(cz rdpoﬁ.’ of. £ B, Klin& tecknionl mmtm No., 5os°) _,




. v:-;‘ﬁ‘,iv-

emtor, ’m—ﬁnf'zast of*!nyq}.Tl*?B;? ﬁns‘m pemoved, whﬂc axﬂv 13;'3
fins were agmmmdmmd6fhswmmmgcmnmwmtuﬁ‘mdl
- cases was 4109, the nloc;ty of-the fluo ges in fromt of the tubes was 804 n/nc.,r

mplotiodinsh.eto;ttc?,uththadiatmocf-tho“pportu )
,Atho;haciau th.nvraadcnthaqﬁinatoa The-cold junctl the .
wuatwmdudtohoomctodfcrthedrapofpmm e ,
;:thronghthotim (the resistance of the wires was 6.5 ohm, of
_Aucttmthroughthatﬁiodtmmmmtcho&—h;"‘n&thoﬂl '

‘ pmbohtomasaﬂdh,thisismodbyth.redneodhoattrmformthﬁm-
© finned tubes. The differemnce Dotwesn the temperature of the parabole leg af the
folly finned tubes and the temperature at tho lowest part of the-saddls in s tube.
. £ -5 namgm,nmummtwt& = tgs. TOPrO=_
'smhnm&wmtm&byphmgthatbmmouplnhtheocntarof
- ¢hs’ unribbed tubular pisces of the hafrpin., It has ‘been plotted—inthom- -
-~ part of sheet 8 againet the nuwber of tbhe missing fins,  With 9 fins-missing - -
y mﬂltnpmtmdmmnvmmmwrmttwlw,mmm&
Conlm . would emownt $0-17° in the ocperation of the gas preheater with a tezperature dzop
\ofaboutlso"co— in accurats measurement <f the wall temperature of heirpins is
—thersfore-anly given with- mmcouplss—-dircctlrat the foot of tEo fina in the
ﬁ.nnodpe.rtofmmbe )

Inthelcmrﬁgnn arsheotemahmmmtaofmtmim .
: mdthoouﬁarhoattmaformﬁicimtssatfemdbymﬁmm Heat conducti-
—~v$ty Q sinks accordingly by only 7 por cent with 9 fins missing, With a strcngly
sncrusted tube the heat rezistancs is primarily given by the crust, whils the
-cuter heat reeistance is relativsly smsll, This curve shows that s1l the known -
. melatimship are mlrvaiid in the oycmtim of-ths gas pr‘h.atcraa lccng &8 it -
is not yst fonled N R

&at ocnducs.ivity eoomomt of tho crusto ﬁeasurmts o.t haat
tmam m&a April 22, 1943, permit a simpler dntsninaticn of the heat transfer
coefficlent A of tho crust, Accerding to. the '

- V:f_:iw"‘_i% ‘w__-_ L - Q fa (éﬁfdw}
LT | T 2;?32; {t; =~

whsredg_iathodiamtoraftbamormllotthemba d'istbeinnsrdimtcr
ofthnpms;listhelmgtha&&ha_mtandtitbtupemtmotthstnsids _
~'f p tubse . “was getar=inad otd g BRDArALDIE Narabiis P
: - PES S ﬁndizxg-phnhatriaally tha avsrage wall. tez:pmtm ai_that el
plaoootthamheasbemgoqmlto316°0 mmmmpmmmmwm*ﬁ-




of“t&‘e"drillholes th.o tnbetoits Snnarrallcanbe calcu]ated .ﬁrc.tho tomh

-—for-cylinder- /vi_rm s 20) from which t; is found to be 2879C, QS 3,940 kcal/h,
£ 2047w, &5 18 51 mm, dg = 72.8 mm, ty 1s 5C, Subatitut.‘.ng tﬁesa data we
get ‘the heat: transrer ccafficient of the orast - _

"'.-.L -
R e —

};,,,~ 1.3 xoal/uh/%6 I - __

——

e

ﬁmmavamgeﬁmemﬁueofl?%andmﬁhomo

"7 2n attespt has also been made to determins the hest transfer coetf.iciont k
“of ‘aho ‘crust by another method. For that purpoze part of the heirpin was cul off
—-—-—and” the fing were remcved,; This piece of tubing still encrusted ca the inside was
a fitted with an axially srranged eleciric heating end was inptalled airtight in a
high pressure furnacs, :All -hollow spaces were filled with insulation or with sand
~.—%o-reduce-the ocnvecticn streams. - The wires frcm the heating and from- th&themal
*—chmnta—wn—paaaed'—"thrcugh insulsted-stuffing boxes. The high presaure tube
~ could be filled with Hy or B, (the use of oil also was fersseen) at 200 etms. I
¥as expected to find by means of theee}zmasuramta the effect of o‘b&%mtcrinls
thanair inside the pores as ¥ell as to show the effect atte@emture@m?t

K < S

' - Different difgicultiss of messurement (couvectim o frequant’ dastructica >
) cfthe heating wires and of the thermocouplss through the acticn of gases, otca)*. :
. .-——as-well as-a-shortage of perscnnel forcsd us-to breck off these time-consuming R
-*- testso Even though the few avallable yalues &re rather Inaccurate as can be aem T
. rrca their cmaidarable eeattaring, they. ars recorded. hero. PR —_— -

_ ,. * Erdrogen : 51.}52@______ LT

4 R aim . 166 m 15¢ T2, -
_Tempera‘bure ' 48 99 "3l9 . 7 .85 .
- Beat can&uctivztya ; kcaa./mh/"C 10.80° - 0.98 oose 1.21 ‘_ -

: ~J’~'~l'5-i’he Anacéuraciss are toogreat wmmmmmm affeat of- pz‘essuro o
< or tempsrature. The cnly importent fact is the recognitici that the heat transfer of - —
- the crust under pressure in ‘hydrogen and nitrogen is of the . same cxder of ag.gnitu:b :
~uinfimcdmbosmmdinurmdnrcrdinarypmw : ‘ .

- ' WQ Bay 3udgo “the -agcuracy of ths >\ va.luea of thnse dirroront,neasumnta . - B
 of ¢ st ccnductivities. of the crust to be within the limits of 0.8 to 1.3 J;ca.]./nhfcr,,,,,,,, o
- - with but a slight effect of the different medis in the pores, of pressure and of
- temporature. A careful calcula.ticn of ths heat ’aransfez' in ths encrustcd hairpins

would givo us :
- Az 0.9 ca],/nh/oc T T :
- This approximate vﬁ.uo anmld bs sufficient for practical celmlatzms, when ‘e

caasiuers -that sven largs diffsremces mey bs cansed by differences- in cmositi&m
or. pﬁwaty of ‘r.he cmat in thepgas preheatero N _ )

stern‘narg/nc/pkl
8°6-a68 o
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'REPCET OH & LETICWE NEEDLE. VALVE

. "*h.o hot 051 ?etucwnﬁo" she liqn.d phags ch.,xu’aera 18 now gs-vemllv .
a*cempl*‘ ghed by the useé.of needla-valves BW 45 (45 mm), drawvings ¥. 5910a-2
=na 961?95»20(5'1&33& dmingrnc’&—amﬁ%&le} " The lotdown is mads -through &

’ c;ylin&ri.al opening, 10 mm diametar By 40 mm- long‘, which 12 l4ined with b hard
: —met&lvwﬁot _ovsr 30-40 ‘hours oparsting time was achieveld &% P8i11%s with -
these valves. After this $¢ime, sither the supportins ‘shell for the bard
.matal irserts, the boldxng nut for tho nozzles, or the- s@portqng Ting for
the nczgle body, Wos 80 d..ma.ged ‘that the ’otdcwn cculd %) 1ongsr be per—
formad in the’ regu..ar ma:mnro L _ N A :;':“ =

Besasuae the hard metal par%a (??al}.*a.mit frqm%!&ntach ?oign tlandsr &
Gompany Essen) .showed practical},v 2.0 weaT ﬂuring these m)erating pericds,
w2 now trisd to protect the other valve parts by ‘meang of linersz, - ¥or the
%ime being. tho-component parts were left in their “sxisiing form, but were
orotected on ihgsir siremr gide- by wel&ing oR 3 layev' oZ Tigit ox Caronlit. .-
‘The improvemexn$. in" thelr 1ife e.uration ws.s 1ncomeqaential because operating .
——%timee o r&y—é@-%—% ~¥ere—al red; U _ the a::iala_mmine&——
- ) t%l'e'zameg ' . o~ - '.‘l .‘-:‘_ B - i = ] ) . .

: Bec:smse wa:a d.i"ficult zo p.pcure smporaing ringc of Kc—materialo
we—tried to reta & the weer by inserting liners into the N8-body of. tha
sealing. ring {(lenel- . The paterial for thess lineTs was hardened %ool .

- steel, t}uron:lt or. Gzranitharn ca.stingso " Phe Life duratiod of "all of thess ™

i three matarials vas. about 170 hours, vhichtmc atill unaat‘ mactoryo

dn a- furthe* sxoeri:"e:zt‘- the prasmzre Arop was mb-divicﬂd by the. e.r-»_
rangement in series of orifice plates with hard metal inesrta., For this
“purpose orificss of 10 and 15 mm dlametsr respectively were budllt $n “behind -
she nogzle proper &t intervals of adout 406 mm and the needls valvs et the
istdown vessel was replacsd Dy thres orit c8 p;.atas a% intemls “of LOO »m,-

. “snd 8, 10 gnd 15.mm dismeter respactively, the largest orifice baing—locatocl

__ 2% the walve inlet. While the needle valve &t the letdown vessel could be
auccessfully rep-aced in this mannsr, the use of the oxi¥icas A the gtalla"
~letdown brought no immediate improvement, bec?uae 4%-was ghowr ‘that the

- vl_;‘-w nozzle cross-section reguired for the sticcessive pressure reduction conld.
’ ‘no¥ be made to. ag*ee wigh tha% reqnired for m—thpnt volxmeo

Sizee .he aforementioned ezop—i‘mentsﬂ of which only the’ most 1mpor-

- tan% ‘are- indi cated, lod to ro ...a.t* tfectory resulis, we endsavored %o- errivs.
T ‘&v a saviafaciory- %oluticn of ig problem by influsneing tbe ﬂow ccnditioneg

&nd oy & ccrrawan&ingmmc ghepa of ks nowzzeab —
whicﬁ ‘the weer-cn the noszlse suppoTis rts occurred (Figure T) Ied to-vhe. fd’ea
- _that 2 procese sim}.ar tc _thad csused by gound .waves was teking place.:

P 5 oonetweion was pardicoisTily supported by the faet that ke wozn sur- .
WWM@ nv*alz.elos?.“eam nozzlsc I ve congfde:'»—*~ -




tnat lh & prescura drep.- during the letdown the gases d‘ssoaved ir. the let-
down are freed (partiocularly ‘hydrogen) and the lighter boiling econstituents .
"V“PO“iZHQo 1t mey be visuglized that a conaideredle volume-éenlargement of
é&¥4a£xﬁaaxm»‘ivcha:g@i_JmmLAuanpzzle takes place. If it i3 reguired '
__that in the saze uni’ of 3ims Ihe .same cuanti@y c’ the miziure-pass Thraough
the nozzle, uns vraszuro g*ll decTreage witn 1m: g=v@*cc-u,v—aeeerd_ng 3o
‘Bernouilii's’ eqnaticao a¥d_a further volnme»enlargement will resuit. This R o -
yravei that, “the_ crosa»aeczicnal sersa of the siresm mst-inoreage with riaing )
_Velovi‘c: It seecmg obviouns, - there!o*e, Enat station W“OMﬁms—%over. ST
expsasicn &nd ite equalization bz_meann o2 gucceeding.thickening ahocks, 80~
@lled "Machi-wsves) &re present. These- nave thelr atart particularly on the
edgea OoFr uneven spcte of the walle_ snclggégg the sireem. 1% may now ve
- . readliiy visuall zed that the cutle: of a cylindeEﬁI*ﬁbswre 3s the starting
.- peint of such waves. The comditicns in . the—plane 82 ihe oullet of the 10 =m
T “"W“’*tindrfcak~noszke~az&:similazfzo_zhe~discha:ge of powaer gesges Iromthe T .
acuth of -8 guan. rom .photographs taken of a gan @i schargs, she form of ths
dt sckarged gbtream, firss calecaletsd in 190? y. Prsf. I Prandtl, B8y Dbe
recoznised. (Figare II). These observail sns now Led 3o the decision %o
bLild.tne 1etdounmnogzla no that the . course of %as pressuTe is 8 conmtant_*f
;uncuKOﬂ-e£3%ha nuzzle length, that 4sg—apnosed to she aratwhilie cy;indrica*
. comstrussion, in. which the couwrse of the pressure was ‘unsteady, the zowfl@
‘regeived a coamical form. It 1s of deciding lmporiance LhEY the angle of
the opening TOGL oxcega—3100 80 az %o aseurs & poeitive .cocnvact of the atream
on - the enclcsing nosz.@ ualla under ali cp@raﬁﬁggfcqné%%%eﬁso

E]

””perience vitn the &etdown nozvle éhown_on Lraw,ng e ;021w16 clearlv e e
»1 dicated shat theinlet edges on theTsice of tne slosing cone musi be well
. _Tounded tc assure- po%*bive contazct of the siresm sinecs ‘ctherwise osvitatlon
would eppear decause of the formstion of a hollow space at the stream change.
Ws ghould also ain %o anplv a ?ire finish %c.the surfaces com*ngAAp contact T
. with the stream, becaus%?x/*\ment*oned adove, sSvery unsven gpot L the ata®s
of destructive “Hach"-waveao- The shape of the valve cone (disc; should be
. a3 streanlined &8s poasidle. ~ Because of constTuczion aifficulties & compro- - ) .
" mise moluzion shown on dravi g ¥ 1036 16 had to. _be:rehdsen. . - [ . S

P !In_ihe nresﬁnt cons*ruction with‘lantsrn‘nuts the: chose1 valve cons.
] form is not of: dseciding 1moortance, “sincs considerable inlet distnrbances
”Ti»‘_occux, due tQ:the lantern,, The wear 1n the. lan*ern caused oy- thgse aie-""

T Aurbances, .- F%ed7in;theflantern~, o
‘j*‘,_nngningA_ It se therefore aeszroble to reduce tnese'inlet d4sturbances -0 . _
" & minimum by the omitiance of the lentsra. We have made an agreement vith

Meuﬁmch ?bignﬂander~&hco onwzme cO*rescondihg,forme,”;wf

H*th the aforamenvioncd ’irm, 3 adcizidgalm zzles com;ng auccessively
closer to the- ‘dsﬁi form-were asreed upcn:

e farotcoess 2 to chowr 1n drewing P 10%6-16

. . . The sacc:d,fcrm rovides. ;o* t“a ane— ieee constfuczion of‘t e nerd

_ P P _

_;u,«jﬂ“_azetalminzaxix_xiﬁh_;he cyl,na,ical part shortened to & ;engch of ;O mms
A the vel véive s*er—wvni&—%av b:bemmsée;xn~*494:;;;;;rtw - i T

[




o J - 3 c; T

\ ':;

Ths .hird constmcuien merely provi deos & practic& way out 0oZ the shop
difficulties, if 2 cne-plece casting ghould not be possidle. - It provides
, vhatv the nozzle ae assem‘b}.ed o? individual rings. It ghould he- no*e&——%hs%~

: - . ,.:ne_;g_ ingert is shmnlc 1nto the mx-p-oorting '
,jd.c at T o L T , N

R@gul t 3 . VPSRN

‘ "’he nozz-ea nade acco*ding to arags: 102;. }.6 ha.ve glven vmry sa‘bis- :
factory o;mrating tines. These have "eacaed 2 *housand hours %o this date
15 to 20 m3/h letdewn volume. Findings beged on the dismantling of ‘bha
- nozm.es vend- 4o confirm our- expectation of consi deradbly. larger opverating
_-times, zince only very sllight. wear was nod jcembla. . Bel ther Gid the’ valve
bedy BoT t‘"e let~own tube ehow any ‘damages o.,. any Icin.d,

"“he charx*ss noticea‘m.e in the hard"'aetal are 7as followsc .

B
'l ; Inlet side of the- noggleé with sca"'fed s‘u.rfac:ec (The strea.m forme
~= its owm hydrodynamically cor*act fom?c o - —

? ) The form ion of nmall ﬂ.at grgoves immediately tehind the. inle‘b
in the cyiindrieal part of the nozele; (This must-be considered i
a fosa of .cavitation. The bo}..mw space required for this 4y e
caused by- the change of %he st**e ) ,_ :
- %ively sharp odges.) SRR U R B

ft3.) At the poin’ss of thms%o or 1m:uct of. the 2 nczzle parua tho '
N fluid enters the hollow 3pace Dehind it; ca:t.sesﬂ hovever. very. -
little damage hsreo - - '

?-1» ) Bozzle ar‘angemen%s, with and vithout %hrottl tng. disks ('o'rific‘e
. plates) of 19 and 15 mm diasmster behind the nogzle, Were. compared
wvith each other. .In the arr:mgement w33h the throttle disks no " B
changos were obee;rved while %n the cther case siighi poi‘nt sheped . -
“cavities were found 1n t‘m noz"l& m.tlet~.. SO :

-3 o e

. SRy to be ezpected that the form o"' no~21e shown on drawing? 10‘16-16»7-4
wil.l show further diminution of-ihe” I changes jus? d.escribed partieularly
—4L —She- We Wsmﬁrmi?—f%n&e&%é

. Summg o . R

T The form of *Leedle letdpwn velve iR use u:; tc this time cou.nd. not meet
the onerating demends, beszise operating times of only about 30 nouxa ‘were ... -
’—.‘—" achiaved, - Therefor, a number of e-periment.s vere oconducted with the odbject
0% raducinc the wear caussd by ihe letdown. - The nozzle form shown on-.drawing.
» _1023:..16m Hmme*pd aJ'er the Woat far-reaching -adaptation of hydrodynanic :
r@quirementz., ‘dlth $h%® nczsle, whosne. forh mey etﬂ.’ be immroved. aﬁmou‘saxm g —
: ~oper&hng ‘hours-have besn achievea with practically. ineignificant wear. ~The ' o
J.nc.ing indicated . in its emanul"ng ’ed us uo exvect a %r”iber lengtmm

= ,:' ofthe ﬁb&?&%ﬂ.ng««h& R




. I% should be noted- t..at 88 .ol resu_t of *hie considerably longer
- grerating time a recheck of the condition of these needle valves &t longer
intervals is-made possibie.” & further result ie that the sbutoff ve.lves

;—now*need\:m be—véizangeion.g at_lcmger intervals.

o B S ‘, ' Teci“micel Depa tméz’?‘a H‘lgh -Preéiuie létalls-a_

s/ Bernawz
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~High Pressure Experiments v :
- Lai. . T o

~—MEANS FOR IMPROVING HEAT' EXCHANGERS TH_THET SUMP PH/! sx e

Reply to Dr, Peukett, Hheinbraun. .

.. The hydrogenstion works Wesseling have experienced difficulties in-the
coal stall heat exchangers; resulting from low heat tranafér values-gaused. .
by depositions of the catalyst (Bayer mass) ana coal paste .solids in the |
forward pass of the cold heat exchanger. . _ '

- E%ze—fei—}owtw—me—ans have been used‘latgf&.’rtd coi_mter;a_ct 1t:_“"

IR

—1). Charging the cold hest exchanger w'i;hgtg.s ‘alone;

2). Increasing the flow. velocity by- i‘educingnt'he. size of the
- bundle (increassing the velocity of flow from 0.4 to 0.8 -
ommea); o o O IEREA RS

. _Expieﬁenéé has, ghown thet 1x‘1créaain'g the_rate of. flow had no desirable
results, btut reversing the di:ection of flow proved beneficial. o

: ' On the strength of this experience Wesseling has developed a new_heat -
exchanger in which the paste and the gas enter the forward pass of the heat - -
~exchanger separately, with the paste moving downiward fron adove and thé gas
upward from below. - Ths new heat exchanger overated for 12 days withno-
reduction of thé K value prior to the closing of the works., Moreaver, the o
" K value obtained was bettsr than any previously messursd and ‘the demands on .
" the preheater were Iow. - T e P -

| 7. The following must-be moted: T T T o

_ .. The rate of f1ow was ifcreased by using only-108 inastead of 199 tubes, .
i.e., with the same thruput, not only thé outward Tlrowing pastée-gas migxturse,
but also the distillate flowing on the inside required less time and sarface

" for heat transmission than with the ususl heat exchanger construction. This -

counteracted the effect of the reduced depoeition. 7 : o

. According to our past experience, the downward flow in the forward pass. . _ = .-
- of the heat exchanger with a downward flovw in the return pass as Well-should e
‘ h‘_a“.ve lowered the _production capacity of the heat-exct r-with-regard-—to—the— %
77 final temperature in the forward pass. Dr. Peukert®s report does not atate -
— whother the downllow was retained in the return pass.- chang = 1tlet
- of the paste-gas mixturé over to the bottom end of the heat exchanger favors -~

" the removal of any incipient deposition. Dr. .Peukert gives on us- no—informe—— . -
‘tion on the emptying of the forward pass with this direction of flow.




Ihe dogree of £illing and the‘quIdIty_are definitely improved by the
mnethod recenily introduced in ﬁeoseling'when compared with the former com-
bined downward flow of the paste and -gas, and a good removal of the initial
‘deposition is assursed. The coalescence of the gas dubbles which swim in
. the paste nosaibly proceeda differently when gne is added to the exchanger :

than when thes gas had bsen rreviously mized witi: the paste, possibly forming
" a cushion in the narrow tubes which remain in the exchanger, This may affect -
readily the formation of = deposit (gettling) (drying) ag well as the heat -

tranﬂter by con%aetr mg_huml R — — —

" (The 1ast sehienco ia illegible)

’-'Stefnpergfjw R
‘g-?.l‘s - e
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Exch% of. ezperim:»'ea on elactric prehoatarsg R

) We ’efer ,rou 'co damagea to elecf.ric pmheaters of which yoxr have pro—

<vioualv been in?omed " Becsuse tho contro}, of the preheater tube wail

'%smneratue is imporuant we aand. you herevi th in ‘&hs appendix tha arrange-»

(o . \ - <

me;;t of he thermoaelementﬁ &8 1t 13 done at ¥ Wem BBhlene‘ :

=

1. ¢. FAREESIEDUSTRIE A.G.

/s Zimmamann




. On the oc::asﬂ.o:uL of the eonferencs for the exc.hango of experiences 1n»
"Ludwigshkafen on the 10th and 1lth-of:December, 1942, the temperature-control

cf ‘the electric preheaters was also discussed in detall, On this occasion
Dipl. Irng, Scheppert asked that the improved method of moun%ing %he thermo-

"~ elemonte on the irdividusl aaa.n.ka of the preheater haix‘pin tu‘bea developed

~-~-by us be submitted to .d,m ) .

-
i

sttacheld. aketc.h SRR e - e

. —- - R
o e—— -

Before kze adaptod th‘a new method of mozmting, the mounting wes doae in
the uguel way, which csussd many interruptfons. In particalar, &53¥Y of the
- thermo-glemenss were torn off by ithe gsetiling of the cinder wool after opera—
-tione had been under way Zor some time, casusing interruptions in the-tempe Th~
tura ,aeamremaﬁ?‘so This is ,heing avoidad b; ‘He new- mounting method

A" atfri*wf &sbeg tos 1o @plterr—wer the - olement mountad on a sheei of —
-mica, the asbsstos strip fastened by ap. asbesnas~-covered wire and’ protected
by a shell. To. this shell is attached a steel tube of 25 mm inaide diameter,
. through whick the thermowvires: lead. to the eonnecting clamps in the prehealer
jacket. To assure good insulation in-&sll cases, thase steel tubes, which
&re ‘brovght o witkin about 3C mm of the prehe: adexr Jacket, are furikher pro-
o tected bty a refractortt »rotecting tude 8t _the preheater jacket.- The steel
_“'":;.:_;""*-"";“: pratect*ng tuve. wealded tc the. shall is ?1lled with asbestos Ineulation,
- = e—ar&r—sc—that—ﬁxrm::—mmunng_
v‘lres are pro eected e@inct d.amage a.nd ‘contact with ,ntnel parta onAtheivr——A'f-‘,

© wvay to the clamps. e “”_‘j ‘ _ . i

.At nresent the mounting 13 not done in place, as formerly, but t,ho -
elements are assembled 4n-the workshop and the soider points ‘pasted bestween
. gheets cf mics on an agdbéstos insulation, which 18 enclosed within one-half
cf the ghell of- tke “elenent hclderc "The detsils may be seen on the sketch.
The congtruction of the elemsnts in the woritshop is-done so thet after the
preparation of the shalle and tubes the required. lsngths of tubss in the
preheater may be Bmeasured, followed by a pre-assembly on'a ‘mounting ‘tube.
tfter the moist insulztion has been theroughly dried out the ind4ividual. :
_shells ere. Temovad Irom the mounting tube and can now be. attached to the

et prer.tnt‘roquiredl-z;,» ‘ L », o

The steel protecting shell cerves a cocond 1mporta.n.. purpoaec 1¢ e
serves to repsl the induction current acting in the prehea&ﬂz‘_a_lgzperimts ﬂ___'_' B
: have shown that measuring points with -protecting tubs show & temperaturs
i mv_lover than messuring pointe without a- protecting tube. The tampera-
ture indication f.tself is aluo-ma—cb.-»steadior :

Th.io rethod of measurement has been successfully used ’oy us vzlthm

’ ‘_7'{- *—Bratmkohle-Benzin A.G.

© /S] vori Felvert and Hartmianz{_‘,
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Thin psste concentration . B

_u 5 iy - ftefhr

- T

‘a) Paste Heat Ex&anga b.) Gas Hest Exchme "

methcd of Nordstern

38
23

Thick paste—cenea&tmto 2=
n 5 R :

Heating curing heat axchange 0C

7%0?11 .

_‘Jf
. 2.5

T.1225W1%

Heat gain during heat -

“exchanging, - - 10%kzcal/n .
“~Heat gupplied in pre- .-
‘heater, = '105Kkcal/n
a) Usezuml A
) Effective = 5%
" Resulting saving in paste '_ :
heat sxzchenging against .
‘ease B, . 100kenl/n

or fuel gas aaving

{E = 1450), ~ R _w,’mB/h' .

Bequ‘l"‘ad hairping, e
Saving in comparison with b, . -
Rlectric power for blowers, X¥

- Saving in compsrTison with b,
Cooling in cocler, . o¢
Coolar yield, | 705kcal/h

-- Saving in compa.ri son with -

. b, 106kcalxh
S&ving in vater = /h

Com:ariaon or c_o—dt.s '

' 5)’5@%&{@‘ Eéat incraas; o

-2 haat ezchangers ‘

e ..l paste. mmp P

'.Eotal = e

L ——

Beducti on in inatallatzcn
coet

Ha,i_rpins o

_ . 180,000 300 ooo | .

7w1:;~» ~»-eo 000 -

i 305000
10,000

20,800 -

23O 000~ BE0 600

et e o Lt e e it e e




The preneatsr may be doslgned rtight from she st:rt :t'o:e a higher co:.uontr*ti-“

cf thoe thin paste by equipping 4% with 17 hairpizzs, in which case the iaereaszs ,

&ngd reductio ‘n cosits berons prac’i-,a,.ly equa.zo and tha dif*e”enca s.rro.m’::z* t"- B

only 15% of the sstimn:so - '

b} Opemc.;..g cCcevs
..avu.ng in ‘2386 '$I

. '_ :3.9 Dazte Hend "'achax*g* g‘

68 uod

|1.) Sooling weter R#fm 85x0,01= 108z 0.0 = —
' S : - 8- 1 08

2.) Power {bicwers) k¥W/a

3.) Fual gae, af' tha cczu,
of fusl gag of
...,u’JO hea* ua‘ts w 1,2

i, } :Tha gaving: in rals.u.ons“-p e the fue_. zZae ﬁ‘icea per- hou" aEnd per
“year:with %,.00C operation houre is shown in the {ollowing tadle. The p e LR
ble zddiitional ra-oairs wivh he pasie regenerativn arc wrdded in comparizcn
to the saving in the Tepair -*ime which arse fbalanced ageinst the valueof
%he saving. It 1e based. cr the houn_y cazehpot Shutdown for tha finishad.
gasoline per 6.5 te =s%all with-the price Ber ton of adout RH300, Thera i3
in adds vicn, savings in power and raw products, amcunting ts abouid 20
are. s;.cun, 20 that ths ahu?u,ov- per stal}. g..cunts %o EMQTS/“ ox Eéié},%u/:_ay

L e e

——Wmm«cr—u— 12 0.8

uaving zmlh with
38% paste - .- . - 71 ) K
LO% paste ' 4 __ 6k.08 52,0
Sav‘ng in 1000 E&fry‘r

: _58% paate _
~L}Oﬁ ns.s%e ‘ —

Deys of raz)a‘r*n,, x‘%"x
38% pasts ..

-




The abova table 13 repreamted grapb.ically in the ap'oondix’

I ahowa the econony increases vary stroggly when the thin panto con~ .
—! centration 1: mised from }840 1&0 per-cent 30115,9, ,

Vo may coun er the posa*?'ble o‘bjedtion that e.w saving wn" e nmlified
by tho ahutdom of the heat excha.nge" - :

1.) The former operating evperience is’ too slight to make any dei’im.te
.statements. According Yo our present short exparisnce, it seems that the
eshutdown caused ’by poor heat exchange can be-forssesn and -that the heat’

- @xchangers may be regularly interchanged ia the shorteot tizme, for instance
in 3 - 4 days, if the siall is not shut down for some -additionel ressons;

”"‘a‘n& -wt on a.ccounz of the heat exche.nging a..ona°

2.) The saving in the naete heat exchanging iz 8o large that cons*" dered
only from the economic view an stiditional stall might be 1ntrodnced whiech
would take care of the unforeseer shusdowns = not ﬂecease.rily oniy those
caueed by heat excha.nga troudles, - 80 that no rsduction in precducstion cver -

—_the. year would Tesult {apare stall, ae pronosed by Scha:ppert) -

',,ﬂ-__fs.)_lz_mzaz_ba_«me.nuamihare that the quest." on of paste hea%—exehe&ci:rg

— --— -—ilg -subordinate-to-the fact—that—for-each ton cf production of the-finisned
o gasoline with 10, 000,000 heat units, *he e.mount ot > heat va.lue set, fres fg - -
. ﬂ%—&&&ﬁ—l—%%&t—% ' : o7
utilization during the ‘heat exchanpin,, a saving which is of greai impor ance
in the power economy.- ) ‘
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Paste thrupat S : - = - 2000- -
‘Solids £ . 37.7 :
Coanl - %o | 30,3 3507
T mtt.gas . ®3/B . . 265,000 ~ 26,000
Catch pot e/t - F S 19.3

Total gas  ®°/a T T 49,500

Temperatuwre  °C 139«-3249362&1.35 ' _195:-31943654437 |
| - 1057272 -}319‘51.08 105263 7319 2410
Number of |

. - Exobamg. .3 e 3
o — Qe heat. o e T e
- Surfacs . a2 . 3zuss — 7 3ziss
. Neleedty, . el

. forw.pasa n/aec .- 0,50 - . .. '_ . 0253 .

velwity, A 07 e 14 -
-return-pass ‘ — 2e <
Kvalue m/gc/h/xz 3R 3.82 1?.7 | 239 143 -34»9
Total K T

3/39/@ e 19/9/41

. 1805 . 20,8
C 3901 . ' ) 38.5 :
T X W O
- T 26,000 26,000
16,2 . 19,3

54,300 . 595200

205¢ R4 ARLC 439 - ROL~TT 4T 425 .
1255270399~ 430 . 1262843825 1

" X valus ee.l/%/hfnz%s 1.46 i&
S rotur - - 2; _
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G)AL PREPA.RATION AN’D RESIDUE OPERA.TIOKS
AT THE GELSENBERG BENZIY A.G.
VISIT-OF April 28, 1944

! ) R S

a) Coal preparation Gelsen'berg uses coal from the Nordstern mine. This
_is washed at the mine with a barium sulfate solution (Specific pravity 1.
' 35) and separated into 53% hydrogenation coal, 20% gang, snd 27% middle -
~ product with 30% ash. The hydrogenation- coal contsins Li% agh, 6=7% -
water and 1&0} volatile. constituents. _ , L

'l‘he coalo which 1s almost ell lump coal is cmshed 1n- two hammer millso

These have a capacity of 130 T/h each, _g;giw l.J‘f‘, By
weight Bayer mass and 1.2% iron -sulfzte e 0.3% sulfigran are added la.fter)

the’ coal is weil gh@d wet a.nd enters the Uni-znill

¢ P

: There are 5 systems available, which are run with a- thru-put o:f 26 to
34 T/h. At the present time 2,000 T/day, or 83 T/h, are prepared. Three
- .. _.systems were in operation with a load of 26 T/h each. W¥With an increase in .
- ,m;_-:;v-q-the—thnx—;;ukper—syetenr -the- sprw-grain—-(—spzixﬂzkom):quanzuy_increases_aa

: -follows. : o

m -Grain Q.za.ntitz~ - - Load on the Uni-mir}.l_; "

300 kg/ da:r .

600 —_—

900 " ] i =
1,200 *°
1,500 % ®

The :pray—grain is run into the ya.rd and consiats of 1&0% wood 20% oil and
f.he remainder coal .. , 7 . : _

- Each system conta.in_a__v a ball: mﬁilo a acreen in which the coarge grain’
is cavght, a Lurgi-filter and &-tube paste mill. The coarse grain 1s taken
‘%o the ball mill, where the coal 1s mlso dried. V¥istira-burners:are used for
- heating. In order to keep the content of “the circulating ‘air velow 75, 8,000
m3/h carbon dio:dde are introduced into the system, The volume. pzjoportioning
of pasting—-oil and’ coal 1% done 4em'cou:a.t!.::.a:;,).;;aro , ' ‘ ' ’

~ The following anzﬁ.xaesmw what excellcnt_milling is done in the plant _
which makes an excellent impression in the arrangement of 11:3 equipment
safety of operations and. cleanIlness. - ! ) )

B ‘  Scraen Analzses -
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