Sereen A.nal};ses (Cont )

Ba.w Coa.l S - Coal Dust. . - Coel Past;e:c

P . 5.2% 1,08

183% . ST 15,08 o e .3.8% .
L T ss% o 27.3% . . 10.3%
" S 55.6% . . .. 27.2%
. : 9-,4 B 73.0% 0 T T 53.0%

*) Past.e-analysis is ba.sed on benzol-insolu‘bles in tb.e paste,,,_f'

Gelsenberg has 6 coal sitalls” workin? at- 700 atm.,, while the Th coal -
stall is in construction. The stells deliver a letdown of 18 %o 20% as-
-phalt, 20 to 21&% benzol—inco]gz‘bles. .and 62% ash in the benzol 1nsolubles

- ZB) Centrif\ie department

i

In 6 linea and. l reserve line the letdown is delivered to the centri-
fuge department. After running through an air cooler the letdown of each
3tall separated irn the centrifuge department flows through a water cooler

_into-the lestdown vessel. The letdown gas-isg -washed in- ite—own—condeusate,
which is pumped back, and added to “the hydrogen. At 2000C-the letdown
flows through the Bckhardt-meter a.nd enters the letdown vessel. The —
thinning oil is-then added, The > centrifuge oill mixture is proportioned .

by an automatic_regulaxing device., - The -centrifuge - dspartmentﬁh well -

_laid out, 2llowing ample .space-and effigcient equipment layout. The exigte
~ing operating laboratory makes a very good impression. ,There are 60 can—-
trifuges with 3 circulating systems, 2 of the clrculating systems serve

. 22 machines each 2nd 1 system 16 machines. .In addition, 2 centrifuges -
may be separately fed from a 100 nr3 _tank for—experimental purposes. The
initial pressure_ 1'n the~ 'cfrculating systems is maintained by an automatic
_regulating device. Added centrifuges are indicated by a=simple device,
which has been in satisfactory operation for some time. There is a
balanced damper in the residue-outlet pipe of the centrifugea One end of «
this is a plate flap, which takes up the entire cross section of the line,
_the_other end is.2 rod with-a _whise—dlalconits—end. VWhen theflap—is - ———
“closed ‘the rod points downward and remains steady. Yhen there is fluid  ~
flowing in the line the flap is depressed. The disk rises and assumes
an oscillating motion. The position and motion of the disk 'indicates. the

volume of th.e dischax:ging residuer _ T ST

S:tmplez .pumps with an average ca:pacit.y of 100 m3/h are’ used exclu-
sively in the centrifuge -department. However, a centrifugal pump has
-been in .operation for a short pertod for experimenial ‘purposes. Pump
packing lasts about 3 to 4 weeks. Screens are introduced into the c¢ir—
culating systems and at the centrifuges from time to time to catch pieces
~of coke. Tarcughout the past year heavy catchpet oil instead of cylinder
oil has beex successfully used For lubrication of centrii’uges,, The follow-
ing figures indicate the operation of the centrifuges: - T

- Qempem*w — - - 1{; -;J-(Q‘,)Gf_‘”"‘“"_' U
- . Initiml Presmre T T1.2-1.5 atm.
Ko 321387 L L -~i-‘l<=3—m¢—7——-“;-'*fi—«<4"'f:
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Throttles (orifices) 11 - 12 mm ' -
Centrifuge mixture 14 - 15% insolubles with 62% aeh
Centrifuge o1l . : ~ 10% ingoludles with 60% ash
Begidue - ) 35% insolubles with 61 to 63% ash
Centrifuge mixture product'lon 210 - 120 m3/n :
Produetion/centrifuge .3, 2 - 3 '5 ?/h-
Centrifuges normally in - :
 _operation o 36 machines (average for March)
Centrifuges added monthly - 37 machines (avemge for Harch)
Centriﬁiges shut down monthly - = - .
- bscause of" unsatisfactory T T
operation = 43 machines (average {or Harch)
~ Centrifuges flushed ' 'ﬂormally 140 to 1‘50/«1&*

-~ -The-large _number of cenmfuges—ﬁ&shefis extmrdinaiy—'—r t Is Impossible

to say if this is due to' the hign ash content of the letdown insolubdles or

.the low tempemture at which the centrifuges are operated. - It ie proposed

to operate the centrifuges at 2000C experimentally. The reason for the low
temperature is the desire to run the letdown Eclcardt—meters ‘at—a temperature
not exceeding 200°C, because severe wear-ls expected at-higher temperatures.
Furthermore. the oil loss (high middle oil content) ehould be kept lov, o

In Gel senberg 1t was noticed that the num’ber of centrifuges flushed.

s mTme T ‘

—‘c}—xmnem‘bfan‘a {Low 'c.emperature mboni zatidn)

. “The kiln department bas 12 kilna with hori zontal preheater coﬂ.sof In
these an increase in pressure is indicated by an alarm device. The injee-
. tion is controlled by an automatic regulatin_g device,. ' :

IOutpu 7 In = T = 2.8- 3.2 T[h T
Kiln efficiency -~ 78 - so% L
In operation Normally 9 kilnﬂ':“
Temperature 0C . = - 530 in the kiln drum

Steam at 2.5 atm. 200 kg/h
011 content -of- the .

Kiin residue - -  Less than 1%—
Kiln gas’ m3 ) -~ . 45/m3 kiln Tesldue

" monthly are run to the kilm denartznent . e

To relisve the hig‘n pressure (residual coal) up to 500 tons of letdown '

The 423in residue is- taken away by belt conveyors and centrally
screened. The coarse product is taken to- storage and the fine product'

. scld to steel woTrkKs,

| B:iln depaﬂmn&*_mw_nmhmpdne_tn_the_ﬁimhe_dmwcﬁlare

L

It is extmordinary thet since 183S no dz'um. has been changed in the

— periodleally remswed (welded on) and by the usé of round milling particlee

by means of which impact and scraping agalnst th he drum-walls is avoided.

- Each welded-on rid is 180 mm long, followed by the next rib with & play of

1 cm betweon “them. uac.’zr*rﬁ:-*zr 8‘ o high anﬁ“{&o T w'id:e;“'l'he dfetanca"’"

J—




between adjoining ribs is 50 mm, so that there are 111l rows-of rid ina
lerngth of 3 meters. The material used for these: ribs is Goronit, which'.
contains 20%-chromium, 2% nickel and 0.5 to 1.5% molybdenum. - No catelyst
1s added in the kilms. - e -

DY

. , s
/8/ Dr. Steffen |

- Hydro, Works, POlitz A.G.
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‘us=2c washed rut an e coal from the Zweskel
on uaigs L»*-‘% oen and _,.O,o '.‘!a«er Rx‘ou the iover
Zrom She Ducket cara, 5 21 is taren

56 and -00 ‘I"

: Jt”*g and. r.:y“ —_Pach . yster:_, hes 8. .
>."a ba’.‘,’ m.--,. serzen. = u"g‘-;l ter Anc 2 tube mﬁ.} Be~
sifes *“rhmfl ing, -he dryin g done ir -the bail mill, which

L 22N

7ided witk-Wietra~-burners. T required for com baswon EX-3 cir(;mat.,d

the tall -mill after the adéit! f}stea::ﬁ“‘ .ch system s run at.

5Ff 3% - 30 T/h. ~After the bell .:zzi‘[lj’a_;e “he cosrse grein-is. _-separated in
creea and returoed. 1% eantalna sboud 2% of coa’. isrger than 1 mm. "i‘tfe
analysiz off the mixiure of ccal c..nc Zurgi-duaat sn s-oniy 1C% of conl above

1 mm. The catalyset is added just’ 'before the ccall enters the ta%e miiX. This
consgisted fermerly of 4in oxa...ate? 2t is now £ rlast furnsce pToduch. rich
in tin cxide. To this is added 0.03%% by weilght of ,i‘-o btased on coal. The

——pas“e con‘tatrrs- ,,3‘% of -3 3131 over X mm — -

""he rlant, while nst so wall la‘ ¢ cut as G.,.‘.z:na'xber;;.g'e nakes a f“vomb
impression from an operstiisng point of view:. A% present it surpiies 55 T
of ccal %o five 300 s.tmy ‘202l stzlls. The disiniegration in ihese is beé
tween. 87 and 91%.Gatalyst. LI s censisting of ammonivm chloride made into &
20% pas"ﬁ—w‘kbh pash,ng: oilH_ﬁaf..gei”i’” Convertexr X. ~ =~ . L \

N

B) ,gentr:__g':.‘ge detaz*:m’e-t——“’h*e coa}. sta.,-.s p'pmlc heouzrly from 55 %o 60
‘tons -cf Lsicown, Taerz are 51 A.ach'mes inthie gen "““{.gé “depariment, T T o
gerved by 3 circulaiing systems wiith 13 centrifvoges each and I ctirculat -J_..ng

eyetenm wiin-1l2 centrifuges. .'3. new greup of 13 centzi fuges .2 propoeed Log -

the 7th coal =tali. Tae foilowing Jiguras. szzve %o .,hc.w bzw chara ter of
cpreraticns in the ,an' ;vge departrvent" .

Tempera -.ne
Initial P
Nozzles
Orificoe

€en‘rifuve o5 5 R - O‘ﬁ 1nso‘ub.-es
—Besidwe . .- . 3 % insclubles with L2 - Wi ask .
Ccntr“ f‘t..go ml.s?.ure proda.ction ‘:9 ». , 4 . ‘
rcduciion/certrifuge :
Cerntrifuges ncrmally 741:;7' _
cperation .. -

T Cenbrif &dshed Ul - J1B meciives/asy




Z:f’ry~:-c¢r$4=~al3’:&,—is———i;‘-ze-lwamci Trusned ceavr.fuges

corvert 4 %he insclubles I ke’ ec*‘t:":’“ge mizture, the !

I

srairevoriny eTe the seal e-containers vhich re}-gi;ﬂ'e
the excellsa’ reswlts im the wse of cemiriirgal
"cati\,,x o0f the cenyrifuge mixture. Twe cestriftugal”
have Deen 2z copuraticn ver z co casliderzdle perlcd
'a,r. uzs shafis of these pwmd:z rua in hactiened |
'hcsc‘ ‘are se@xled > Yo R I et‘ f£7irg dox. Tho
3 b.&vlc a__r_x_.““i_‘c_ time o7 Chc&lu "“ 'Jaez-.'o_ »E-‘:ﬂe

55 depariient has 15
*.ew—m shox., P"'-z-'.":ot‘;-rm en. sveccezefully waad
in the new kila.szeellens Riin—res-dwe I3 CERET R
veyors and 'miz*"u in ‘c‘w powor i;lant( e riment ;
fursher dek yerat on Wik ‘n‘trifuge -

n oz Siema of %he ki.lr.c
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= B

KiiT ; tai{e*r*‘h*‘:z‘ Yt
cate? coatulnes \‘"ovi&ac. wish e mixar. ;—wor»-—.vheur *4; wa.\om A
ch Ul d-po:v. tmens g% ¢ ‘predete‘m:.ne_c;. _cqua.;;.an'c t"mnez’atu,w
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ssver B sach 10 «‘ide and 20 =&
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2t ‘ ipg BE 2 the a%7ings. 31nt resn al.d
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' _REPORT ON_COAL PREPARATION AND-SERAY..GRAIN (sx>mmzxomﬂ

Summsry. Id kar,n the spray-grain ﬂuan*ity of 2€ ?/day was conasideredle

Its cauﬁeam:z+ be atiriduted to- poor coal g*ingiug;w-mhe—g**”ding—ftne———‘-

ness o0f the coal par ticles, even those be :low 1 me 18 reduced with & rising

volume cf spray-graln and lowers the hydragenation 8bility .of the-coel. A
_reduction, or possibly a coma;ete eliminaticn, of the spray—grain Quaniiiy -
; must therefore be odtaized, ' : ' '

L 4

The pcor coal gzinding‘ls due to- the overloading of the grindinz units
in bulldings 270 aad 271. Of the two systems im building 270, esch consisi-

.4ing_cl-a remmer mill end a_ aiﬂintegxaer,<nn*y;one~is,0perated _even with-a.

'~ daily production of 1,600 T = Undex these -conditions spproximately LCO T/gay
of coarao,grain are caught in the e -shaking - scr2ens.in building 271 and de- .,

" “livered t: the roll-stands. The overloading of the roll stands hes the
‘effect that their product ccntains up %o 40% cozrse grain.which is not
screered out. .Even 1f a part of thHig is = reduced in’ 31"a in the tube milla i

‘ tha proport*on o‘"gpraymgrain 1s 8till large. LT :

- S

Re§0umended processor,-

_"ll_Eazﬁbezzez;bxinding_.h_‘s_necessaxy_*ha;véuiih_a;nrnduftinﬂ ot
‘more than 1,200 T/day, two systems be operated n building 270. One re-

serve system will azain be available as soonAas *he two npwlv ordered

hammer-millé wiii ‘be 4n oneratio“ni L T s

- ‘e

- 2) For the elimination of the spray—ora4n a ary c'creen.ing in bni;dp
1ng;_11_mns&_be_in3xnducad_4ns&.ad_oﬁ_:he_p:esvnz_wet—gcreeningv—wkiéhA

- causes unavoidable cil lossed and gives a product which cannot be used.
In any csmae the coal musi e screéned sfterthe roll stande. —For this
purpoae the products of all roll sztands must be transported 10 either one

‘thie two shaking screens now cn.order for the fifth coal stall. Tha

coarse grain caught on these screens amcunts to about 2% of the cosl and
~is x emOVed from ‘the zyaten - .- g ‘ T

r

Asy
= SCRATE .

1) Spray-grain quantity and €oal thru_put

for*tthbast—%i~monthsmtﬁe aaiiy—trru:n uwt of 47y coal -and the daily

qaanuity of spray-grain were plotted on compzreble.curves. (see appendlx)
- T.e2ss show ithat’ he»spray»grarn‘nuan ity *s,deﬂoﬁden’ upon the coal thru-
Aguui¢,éﬁizh,a daily coal shru-put ¢f 80C-T. it mmounted -tc G 1% by weight _
. of the.coal in May and November, 19h3 Iu therefore amounted to less than _“

- l T/day. With s thru-put of 1, 200 P/day in September and November, 1SU3,
_,i'nqd_Januazy Q§k0_§:¢k_2£dax~of spray-grain were obimined, amounting %o
i 3 j;gaziazgimﬁg—beAe;g;s,ned*by~th§——"'

.v;”wmm_milgs;and«rﬁpeated‘y messur°dm_-4p Sep*ema°* A393;_ardv£§h§nazys»194h”




w*th a_thru-put of ;vﬁocﬂm_dayf—70~ané—ez—r%éayuureqpect&ve}yo~of“3pray
“grain or 0.6 ang 1. 5% by weight- rerspective.r.yo were obimined. The re- .
gpective figures are shown in Table w0 e S

e — v » : "*—"‘*‘faao"e o

M
i

fpraf Gra-n Qpan ty ani Ccal Thru-put

T nh‘ prt i3 Tld vn*uy grain in T/day Weight in

0.07
- 0,10
 0.60

1L-17 of May, 1943 _, 800
7-14% of Fovember, 1947 ;"”‘*“SRO”W
2024 of September, 1S y3 . 1,50
——26u25-of Fovenmber, 19h\ - l,lEC
' 1“)~20 of January, 1945 . 125C.

g€-15 of Septsmoer 1343 ¢ 15,550
-30-20 of February, 1942 71,550

? 3 ]

L3

‘4
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2) Cosl preparatica.

- i -
R i

In order to determifé the¢ cause of poor’ eoe 1 g;&naing w*tn rising thru--
_—put the indivicdual units of tpe coal rraaavat*on prlant musi e ezawined fer

-~ thefref 1ciency. For this puﬁpose 3 cperating periogs B, Cand P with a

Each evalua ion was basea on 5 daye iq wqic the p?odnct‘on wae constant.

o the—avah—ala}e—&n&—}yeeﬂ *"hese—ceming—carm sirvte—the—averapeqzalaes_m

used. In additlon, &n opersting period E.%ith 3 thzu-put cf 580 T/dsy of
dry coal is-shown as.an exarole ¢of particularly. geod grinding. The screen
‘anmalyses a“e reproduced in t e curvas in alagraws B G, H andéd B, (See
appendlx) T . :

o)

2

Table B.

Ccal Grinding with &a*y 0¥ Thxugput

1L-15 Pedr.,
. , 1943
Coal ihru-put; ”/“av = ' 380 3 . 630
. {eal thru-pui, “’h RN oty -t S : o R
Seray grairn qd&nfitj;f'
T/day
Csal gz ina‘nbz
' Yeight in % larg
Of ¥Wat cogl + &8
Aﬁ&gx_h&mmer mill

2 p
Lelye%

fter disintegrater
After &ryer. L
-After. roll siand

A4Fter shexing screan

Sysvemn'in”bﬁe“atian in
Todiding 2731 i

Sygzemcviawon eraliion in — —

puailding 270




5) Hammer mill and disintegrater.

. - _.-The px‘éfé':r.'u;hed cdéi,, ‘after the addition of the ca.‘t.a:l.;'r_e_;'.‘t'."> is sent to

‘the hammer mill and dlsintegrater in succession.-(see flow sheet of co8l — - ﬂ

~preparation) —The hammer mill, ecapacity 125 Tfh; ¥sexpescted—tocrush an
estimated 90 T/h of coal from a grain size of O — 20 mm to a finlshed '
product of O — 3 mm, containing spray-grains up to 6 mm, after the in-
stallation of special screens. The disintegrater has a eapacity of 607 |
- B/h of coal. -Two systems, each consisting of 1 -hammer mill-and -1 disin-

* . 4egrater, are available,, ' The third system consisting of 2 hammer mills is
on order and is expected to go into operation at the start of the fifth coal

" stall., “The screen analyses show the following:

| ‘The pre-crushing is the same with a Tow &nd a high thru-put, - Approx= |
“imstely 30 to- 35? ‘0f the cosl is reduced to_a grain size delow 1 mm in"this '
- operation, as may be “seen "in- comparing ‘cases € and & in’ Table B, . - - -.

_ The effici"ency of the hammer mili ig very iméh;d,e:pende_ixt upon the
thru~put. With a load of 30 T/h the miiling is excellent—and-reduces 50%- -

‘to below-1-mm {case E), againat 19% with a loed oﬁ_lk‘j_:-{h;(cafsfe_'B)o ‘With-

'a load of 65 T/h the milling is poor, (the rest of the._report is missing)
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(also prolonted. 4n Reel 16%
T "“A_—fm“—‘eé—mm 9

T Vw0 7

Scholven, Dec. 4, 1941.
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' cas cxacmmon IN m 700 A‘B»! mmoemmon smm.

- FEOH TEE STAB]JPOINT OF IKS‘I‘RWTATION

Commnication by Ing. Sohappert at the conference cf
: J)eca_l& 191;1 1n4‘.udwisshafen a. B,

<

- : aimplified :cheme of gas ci*culazion ic shown in B‘ig. 1, irv which
- '——_—v-ﬁ4he—»5$0$;tin relationshi;g ofs - _ N

T Circnle.tion eﬁs Pmﬂps T - T

‘Stall‘o; Includ.inz cat chpcts

e

o 011 scmb‘bing ' — '

~ were retained. Sevgral “stalls are nsually connected in. peralle; in-2 gaar B
eTs ~and o sgorubddbing mostly serves “a-number cf aggregates. -One may
- not exceed certain dimensions of circulation gas pipe lines, &.g.- the 120
mm lines with 700 atm operetione, and .the pipe linass are therefore lald
1n parallel, with a preference for & ring arrangerment (Ringechal tung).
- CHrculation gas pumps are ehori circuited In the bypass, ic taks up by
a gsuitadble regulaticn of valves tae- -excesds stall ges-or to glve BOMD. ¢ ofi‘ .
'*nMWM1Q sﬂ.gpliﬁ.sd connection dia~
- gram, howeven, 15 always applicabke* Ly

!l'he princips.l pressures of tha system are undesr continuoue obsem%ﬁ.onﬁ
mostly by recorded. The absolute pressures Pp—and-Fy are. Zirst of all of
1nterest to us as be ng the mnzimm and the minimm pressuresc_.“ ST

_ - e ——

- The preseure —aitterence Py~ Py Q’APL; 15 mintained with a n e differentisl -

recorde:;. This pressure difference has an upper limit tn the production cf -

.- the‘gas cifculation pumps and is dirscted towards the stall with the great-
est presgure differsnce,’ ‘so =¥ not._-to. Use. sxtcessive Aamounts of. elecur‘lo

. power., It may be mentioned that the gas“¢irculation pumps were originally

“——designed for & pressure difference of 100 atm, bat ha¥e hovwever been late... .
~converted to 70 atm., &nd it must be decidsd. whe.her~they”shomd wot-again_ - .
be rea,rranged for '{5 Or 80 a.tm on %he strength of the preeent discuszions., T

AOhvioualy,, the prpsmre difterence of all the stalls/fs of imo.zance
and 1t depends mainty on-the- 4mmmmn such 4% 0% .
wm%mﬁcmwwm_highaLpresmMeronceee -
| - THY s-pressure-diffarsace.- may bs dstermined either directly a®’ ‘Gifferentisl -
= --So— .. . pressure; or else by the determination of the twWo absolute*praanuree of * =
- “"-““-:-:——uhﬁta.lﬂiﬁletr Tomrer*ma:plme&_on:a-:dim O e ST

— E

BUREAU OF Mmss e
~LOUISIANA; MISSOURH -

L T— Y

e e e

TR o e e e e e e -




IS - SR

The -stall inteke valve .o‘fferé 2 veriadie resigtancs and Ery threttlsé

the leas, ths higher the pressure differance of the gtell. For thic
Teagon, the pressure Pp of & many-stall syctem may 1tsel? fiuctuate with
‘the differsat pressurs differences of the stalls, the pressure P, at

~the outlet of evary s%all ie practiocally the s&mae, beceuse oil 'aéra'bbir;g
offers s definite resistance-and the suction zide of the clirculation geas
prxps alsc works &t a_consiant Dpressure,. .. __ o ' .

—"w!!e:m;?; therefore oacﬁhte'@;c‘;;)re'ssuré differences which are of .-
‘interegt: - ' . T - ' C

1) &Py the prineipal résistance on the nressurc side of the circulation :
'pipe line must be in the inlet .¥8lve, 88 well gz iz the fittings eand flsnges, .
o ;ﬂjﬁ—_,,lel,cgkthe,‘diﬁerentiaarpra e8UTe "of the inlet walve was found BRSURY
%010 ~ 15 stm. 3o permit tha cold-gas to_flow tnto the converter with guf..

. ' ficient overspressure. For 1 this racgon, the 14 gas—at—the inlet’into the -

e f;_;#_-,--.”_w..‘.cg;gg@r%prij;_as an excess pressurs of 20:-»eﬁ—atarSnog?;d—’thta—ezbeﬁs:pre‘ss"ii‘é”‘

L T - e "guddenly rédtced to half its asouns, ths amount o?f inflowing gas-will
- o also bs suddenly greatly Treduged, until.a proper openifig ¢f ‘the cold gas ,

L - . -~ valve will pgain Turnigh the xi‘eic'o;z‘sgmagiomf-g cold ges— Fhe-wigh—to—— -

"=~ be able to obsorve regularly. thig.prezsure differanne of the inlet valve . -
-7 . is therefore clear. Thus, s.g., P 1ite hag planred for some tine to Tocats

T 2 differeniial renomstar at thie place, — T

2.} Tae other prsasure difference of slmest ‘equal. importerce, 4 Po eon-.
tines informeticn on- the suctioen stﬁ;’e”'of,'th?»circulaﬁtpn gnt =nd espdcially
. tha o011 scrubding, which also-céneists of & runbar of ‘aggregates, like hna

'stall instellation. . The differencs in prossure of the individunl weghems

13 annsa%ed—by%m’t_vmveo _&nd one may, naturally, go o'ri}.y cgf'-faz'

with this type of regulation 8inco otherwise an inecrease in thie d1278rentisl

- Pressure would proceed at tre ‘costs of the stall pressure, which is of deter-
miaing value for the supply with cold gag. Even if no: uiterly vitel %o - -
- Focord thism difference in pres sures, 1t would s%ill be .desirable.to evelande —
it Tortinuously: ‘f;rdmj‘f?gi—é’ﬁifﬁfifﬁéﬁézféssuraslas;éﬁdgﬂ‘toWﬁdti&iﬁ;z’ L
changes &3 they sra just produced, Pllitz ,,J:scorés—xhi—e—:d:_&ffe_renti&l_ﬁpre:as‘;;:f@' T
of the whols scrubber systen, ineluding the gas coolers for weeks befors x5
~trouble actualily- eccﬁre-men_gz@egjijng irregvlaritiss _ir- the fiow relatfom. .

shipa from greater variations in -bemperatuTe in- the-clrculation- 288 coolaz

‘than anticipated. Thisg increased differential preseure wag not the cauves
. 9f any operational difficultiesn, _bec,a.zm_e,_t_h.;e,ﬁtqt,al_diftazentialjpressure-m -
. the puvaps could mtill be. greatly incrassed_{up 20-10C atm, }. ‘Hever ths lsse,

- the fact of this increase im ths pré&sﬁre"&iffarendefin@icates the formation

.0f some dsposits, even zhou@m%——ﬁ—%ghtmeso—“!ﬁra’y therefore bde well s’

recoxmend Stettin to forogea asking mesasuremente at lesat whenevrer Plugsing- "

uD with gas hydratcs or ammoniuve. cardenate iz possidis, S

-To psrmit & rspid and cortain 2eiernt: ¥ ! e 2
P —e-becoming-rlugged up, one Wiznt monsurs the Aifferent paths
el

ectrieal “connmesiione permis”

y —Lagonins
1Zzg dampsrs, or else, wherevar'
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“werrent muas‘.;?e.uert%o determine the electrical reeistancaa ¢f the pa.’has°
- - -Bi%ention musl the“~ ae(na"d %o the water convizuously 1njected into the
circulation, I3 is \4226098981’}' Yo meagure accurately fts smounts- a.nd ERO
i3 sufficient to obiain comparative information. One may slsc baar in
=ind to have 3he tn'*ottlin, ?alves connscted in & way to. pernit their _'
ceonzionally being 6;sman‘t’.ed and inspected : .

. , It would be e-.d.v:s.a.able te .Loua@e« closs togsther the difterential pres- e
—surs manomster Tor& P, e *s'e’”l =8 ths throttiing valves for. the two" patks,
‘Ths men who has chargé of the pregeure ¢éiffersnce will then be in position
3o .dffe“snt*ate becween the normal variations in pressury. which may alse
b2 preoducsd by regulis tione 2% He -atall from wvarsi ajiona_xeznlﬁng_im_
obgt ructicns; Measures- req&i—’*‘e&—fm the “two-cases—are the reversei—in —
the first cass of real. prsswe risas_the—bst pass—#e&ve—mst—be—opanedo
_whkils in wass of nlu&bing up the. differentisl pressure pipe line from the
eircu_auon mm}p ool s‘c ba used which may be capable of blowing ocut the ob~

T atraction.’

_ Die.gram Ix shows the pressureé re_ationships of the eas circu}.e.tion 4in -
- ©%he 3 and 4 converter stalls. The load on a four converier stall 1s 1/3"
- —-hRigher— han"o;_—the—‘chreu—ccnvme‘r*ﬂ;allc and as a result the prassurs ,
- differsnae must be round 50% higher.\neglecting tha_facf"&h—at the intal:e
---maps-aeed ~~mt—b@h’1j—greate:9 T

—

PR gt el R

e _ S atm

!n taese em@les_?.he p’essure differgcn_c;t the circulation pumps was ‘55 atno_"»f" :

8 pwap capaci ty cf

M&pi&thare;ore -8 regerve of presme of o Tt o miDatms

Y circpﬁati’on _p:e‘es:ure pins'lina - ‘ _ - 2 atm, -

.

= __2) eirculstion sucticn p e I.ine e.nd oil scrubbing S 8 atm,

Tha jréisﬁraidi ersnces of the stall mey va."y betwaen ) : 7 18 and. 32 |

a.t ‘the "nx.ak:e *va.lve betwoen - _' e T T T ." 29 ana IS

. "‘ho' ahaded mrface :‘Lndicatez in all ceses P oo 18, Xhe p*eaaure dii’foronce
- Delwaen the inlet and the ocutlet of the sta.ll and tha.t pressure. difference

.‘s in tm gubdividsed intos -

- R Al R

the "‘sp_er nin e,wna‘:cbed aur’ace represent ing the pressure ditference
- TTII.. . . beivsen S - | ,

s L s . . "

heat e_zgdi‘.s_ﬁééﬁ ;p_i:elieatingm - _

the middlo doi ble-hatched tmrfaca, reprementipg the corve*ter p_ressnre __
- —’—'d'i‘ffﬁf‘m. — T i - ST e

_a.ud the bottom singleoha ched su*’faco of the pressure dif"erenno of “the.
retusn path of the Lzat e*changer . cooler + ca‘cchpot -

° . o
A o 3 L N L




This icads us to two imjoortént viewpointes - :

1). The inlot pressure ‘of the stzll is inc o208 by “he p BZuT
differcnce of the ccxrvar?.erae becaus%tha cold &3 is to some exien
short circuited in t.:ﬂe "onverters, S Cen

£

2.4° Thc: as..ax.l *nhic?z has t’w lowe,..,t resgiglance, thersfore’ sd ‘ha.
greetest net pressuro (‘v’ordrucz:) i3, ags 8 result of thia high not ;:W‘
- sure ia a lege favorable condifion with zeapcct %o ..he naruis.. pressul
of hydrogmp than 3tells with hi gher reaic‘c ’

l’e ‘may s'.mmari-’e by aayingf* . L

T.b.e normal equipme:nt of the ?09_,&1;3{ wta.l.x. mx&v—h.ave—qhe—xarlewfc_.g nmm“w”ﬁ“
measuring insumentsc '

for absolute p*enmzre of
s*dsa of tho _ N

ci rculatiéﬁ pumpﬂ

e1 rcula° b} on d* ffsrsntia.. p rsasure

mffmr ta.a_.—pre% of-—each ‘33&12.6

whaich is entire‘ly B@tis"’ac*ory 0 mee" tha ardinsry operztion 3?8&8 Howsrsr
to mest casos such as have bésn maet in PEiliis for the first tire ofgwaﬂ“?*
: ugging up-of elrevistion—addits oml*fm.ngﬁinm.ws ara ga,,gesteu

I). Tor measuremants of pressurs di fcrenc& of_,},he .4.2‘1’18.. veives of
) ea.ch .atal S ) _ ___ 2

- -

2). for-measuring the pressure 'di“’fsr)refzce”d Thé" tod vel zcr‘ "‘.)er un.u,.

3} . MWMWM—Q&:&U@H%

of the gzns circ&.avione h

R ) meaeme t!‘a rresgure mffe’*ence of” uhe'a::cm.at;ovx ‘.cx.ole _e.:i‘:;h 7
I ,,_4-1’.310 inatmha:hg:ad_w*’erenu pxia..cipl «@»oﬁ’ ~—with —an aty -
' operated. end o ﬁ. =2t a.if"’ar°ncial BINOWP LOX7,

Ts/"S..herm ert
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A paperhy Schappert presanted at
. 00110quium !laz'ch 24 191411

3. PREHEATER pmms m mmqmn PHASE mm e

_ SI’ECIA.a coxsxm'nrm OFJI‘H'“‘ EB&T Pmﬂ’

I an in ponition to report toyou the nrehee:rer prcﬁﬁm&n the liqu* d"' -

phase with a/onsidoration of the heat pump. The hea&ting of our liquid__ —
" phase ' leet oroduct, primerily coal pasts, and in particular rzeising the :
maxizum heat in & gas prebeat,gr. 18 & principal prodlem in & hydrogenation:
plant; in the-lmst-2- -years. thers-have been some very unpleasant’ mn'p*iaos -
produced by meterials, end as & result these very problems rsquire our
particular attenﬁ?m-%oday, I may—therefors present .to you first the
development %o the present stats of -heating the coael phasa, aniiollow_il;,, _

up by showing whather the themal pUmp Dy te 1ntroducad into ma.roge:natlon, ’

: an& how this may be done. .

- ;The p“incipai unitc with which the intake faed E ia heatﬂ in the large
.sca.e producticn ars the tube-bundle.heat exchenge spparstus, usually -
spoken of ss the hea% sxzchengers, anrd the hairpina. Thege tasic units
occur always in the subgequent drawings in & schemstic presentation whic
mey be. fo'eign to some of our co-workers, and I .will show you (Zignza ’)
‘ac represented. The bundle of_tg._geg_ig_.nnlaaad_in_a_b__gh
pressurs shell and consists of some 200 small tubes of 1i mm inside 7
diameter which are festensd into~bundles above and bslovw., !We shell not
.discuss here the technical deteils, such as thsir closar bunchizg on the
" outsitle. -The fsed to be heated, 1.e. the coal pssets and hydrogen oirst~
 lates around the tudbes. ThHe product leaving the ccnverier, and which .
" must dbe cooled, passsg through the-tubss, 1.e.- hydrogsn-and-the—di gti llaw——— S
in a counter-curreat to the raste. To make 1%t more clear, the heat sx~
' changers vwill ts shown in the ruture soparsuely, with the.forward pess in
— -  front. cf——zh&eonvartera and the retum pess of - the same heat exchangss
~ behind the converter. . The maximum he=t.is. introdueed in & gms heated . | .
preheatero vhich consists of a large mumber of such hairpim elencents., ’ .
The hot combustion grsss give vp their heat to th&ﬁzvﬂqgg;y_—pmpg&te&: e -
pasie and hydrcgen which flow through the ¥udes. The low pressure fius.
geess do not transmit hest as well to a surfacs of ths sams sige, as tho.
pasta high pressure hydrogen €flowing on the insids, and ..‘xerefore the
_outer surface is greatly increased by the addition of Lins.. It mey be
S mentimd_here {W prEaing that™ orfia #unch haimAn for 730- a‘ma watche
- _amxmd ? teanLcasts azound_mciamw - — o o

1 ghall ro? give you ‘:.he heat aranafer equati“on with “the hﬂln of sshi eh.

-

- %_,_.vdﬁgemgfm_h y z determizned,. XA would 1iks ;&fw:"_‘i:;'
'~ -point out one Lactor,’ me’v the. visconity. which is of 4he uiESsY fmpor-

—stence—for—the hest tranafer of our products gt a tube wall gurfeas end from
. that ﬁLl’faQDo The peculisr hehavior of wiscosily of coal pasats. 2% irsy -

ot




.- -caused-ue great- difficnltien. Th& curve,nfigur& 24 ahovs thrbyp&cal
changes of an spproximaiely 50% coal peste, that is one containing 1&25 .

- pure coal. The oozl pasts viscogity behaves entirely normally up-to -
about 150° when detormined under normal pressure. Ths vizcosity drops -
repidly with the temperaturs. A4bove this temporature, -howeve?r, :dscosi vy -~ -

- riges again rapidly, and reaches & meximum 8% about—3269, and the heighsd ..
of this maximux could nct be meagured with the instruménts af our disposal.
THe shape of the curvs hss beex determined by Dr. Hupfer by computations
from-heat: transfer experiments. undar pressurs. The minimm. as wall 28 the =
maximum, are shifted undsr high pressure towards the higrer temveraturss.

At any rate this behavior of the coaLpaste_is_a_diamhingﬁ-inﬂuenca %o - -
heating to-such é&n extent that sich a .paste can cnly ke ussd uv. to around.
300°. Thisg phenomenon ig tc be traced to the well lmown swelling property
. of the particles of ccal., Ths volume of individusl coal particles in- -
“— -creasss upcn hesting Whe*mrmmaim—oir"ﬁlﬁemeu thimer until " -~
5 3 finall?fbraaks 2nd _the individusl particles rub ageinst each other, The.
very viscous paste vilil. plug up the amall spaco ‘betwecn the 1ndivic.ua§. tubee, ,
a.nd. the u.nit will have to be chut down. . 2 .
~ ~—

. Prior to conatructing\the first industrial ltall 1:1 Saholven. unfavorab‘o 3
experiencee of this kind have -Been already cbtelined in amall pcale oxperimente
a8t «uudwigshafeno and we have onttrely avoided. heating the paste ’by hsat X
change with the’ distillats, .

. _&WIWWWWMW_&MI—BOO—awb—a*
Scholven, and alsc the 700 -&tm. Galzanberg stall., . Only the operati.ﬁg gas
s heated up in the so-called gas heat —e:changera. The ‘preheater is ex-
platned in a tempsrature diagram\'i‘tgure 4, fThe stell consists in most :
cases of U converters and 1 hot catchoot. The HOLD and the disgtillate &ars
cooled in 1 water rcoolef sach, the-HOLD tp about 2009, the disti}la‘c’e to

about" 1&00 . The ges - ci*cuIation pumn» ecirculates the feed after waming Ty

- Some of the- make up gas- acts aeﬁoldffgan e b

o Tha temporamre diagram o:.' the praheater. flgura 4. ghows “ow paste- a.nd.
gas are haated to the reaction tenmerature The flue @anes circulate cotmter—

-We can-gee-in-the heat fiow- diagram—of the stall, figureJ}, ~with- whst~f~—- -
gmountg of heat one has to deal in such industrial - stall Lanits, Ardund 20
x 106 kcal enter the converter._ ,'i’he_heat of _ the“man:tion 4nsida the_con.
verter is around 1 x 105 keal, so- that the total sencible heet in{*oducsd
into 8 converter is e.round 27 = 10° keal. Hsat losses aongiat first of all
of -the circu}.ating heat 67 the heat exchengere. 8180 of” tho heat s%till con- .
teined in the HOLD at 200°, and with which the EOLD enters the kiln for
——further operationa. Additionsl amounts of hest which are shown dark in the.
residue are heat losses, ' Of these we have .the heat of the HOLD abacrbed bv

- e n , <turp - at 328°*minrtﬂomcm
2n-zhﬁ—ftnai——coolfr -a.nﬁ—_ﬁna}l;t tha tadiatimr lones"of ‘the iadividusl hi gh IRE
7 pressure unite. (conVerters and heat evchaagars) o - -




_ “Thé amount 6f heat, 7.8 x 100~ keal, to de added to the paste in the
preheater, referred to 16 te of pure coal %o be treated tn the 8tell, will -~

- &lve us an efficiency 7 - 658 of the specific heat Tequirements- of—gztw——’ T
process, vhich is equal t0.750,000 kcal/te of pure coal 6r 1.5 x 100 kzriite ~~  °

of gascline, o . B
¥hat dre the temperature changes in such a high pressure tubde {figure 6)°7
I have removed a hairpin from the hottést part of the last pass; the tempera~
ture diagram shows that the- circulation gas hed here a terperstura of 578° and
the paste was at 380°.. Where we too know in addition. to these ‘temperaturss
also the temperature transfer coefficiente, nemely thoss of the circulation
gas to the tube wall and of the tube wall %o -the paste, tha changes in ten- _ o
. _perature could be calculated, as hes bsen-done on-the Left—for a clean tude — == T
CI77T20 = 171 4in size and et the right for a tube with 10 mm thick incrustations.. .- - -
~~ The incrusted tubde has =2 cousideérably hotter tube wall snd the tempergiure ——
- 4rop within the tube 1taelf is much fletter, that is less heat Is being
transferred. It mey be mentiomed here that the N10 ateel. used as fin meterigl-
for 70C etd. are rather indepsndent of atrain in comparison with thé effects
--of hyarogen &t a wall tempsrature of only 520°. Thig fact is relatively rew
- ...And . we allowed ourselwes to bags: our designe for Syears on 5600 WEIL tempera- o
- ‘ture, a3 & rcsult of which this new limitation tc 5200 produced many ‘headachesg. =
Up to the beginning of the year we considered our provlem nrimsrily to be the _
reduction of ‘the actual heat consumption,while now & zacond problem wez crested S

- .namely the lowering cf the-wall tempérsture “of the hatrpins, without however

1

nereseing the present number 67 Balrpinas _ N

4dditional-viscosity experiments have shown thet a thinner paste doss not
- .- poBsess the second rise imviscosity, but_at -mestwa snall increage in the re- -
- ~“gron of the rifs; which does not sxceed the viscos ity foumd at—about 100, — - -
Thils result offers possibility as_£Or 8 new process which has been introduesd — -

. Figure 7. A thick paste with 54% total solids 1s brokenm up into twe
~ partial streams, oné of which s thinned out by the sddftion of pasting oil
" to 43%, producing an averags concsntration of Ly =& kaﬁﬂtotg;mgglﬁ.%{—uﬁmo s T
thin paste; which 15 the-lafger component, may be heated- reedily to-the reme- 7
tion temperature in the heat -exchangers. It must however ‘be mentioned that -
in the production of thin paste and thick paste high speed turdo mixing has
- been successfully introduced, and wa -Bay now operate up to the limit of the
u3$’c0'n'centrativon of the thin paste; which is ITmnarisnt ¥or the sconomy of
the process. -Tha thick paste-is either-preheated to the reaction temperature -
in -the preheater or else 1s mixed at a siightly lover tempewsture-with.the = = -~
thin paste, and both streams are mixed together to the so-called mixture pro- =
portion. 'This division of the paste into 2 streams offers the Zurther sdvan-
..tage of greatly. reducing the pressure difference in the prehesater, which favors
— - the hydrogen partial presassure in the convertar,— The heat flow diagram, Tigurs
- 8, shows that the efficiency of ‘heat exchangers has bsen increasec ia cemparisen =
S— B . , —sCt Twid oes correspondingly the ioad
e —upm'&h&mt@fmjefmﬁal“melive:re’d by the preheater amouniz to -
- _only 330,000 kcal/te—of pure coal. ’ L ’ _

Vo L




. . Good results have been obtainad using -this Polite mathod-of operation
and there wvas therefore .mo objection to providing this method of oneration

.. for the UppeﬁtMMWGWGY. A better
.. comparigon-would-be obtained by redicing the actual thru-put of 73 te/h tc~ -~
the thru-put of the Gelsenberg and P811itz stalls of 4O te/hi — The heat ex-
change would be here: further increased by heating up the thick paste acj‘ well

in.a bundle heat exchanger to 28CO, which is possible_’fror..ihi'citenpe'x/-ature%,'
Heating thie thick paste to over 3002 would be impossible-in the eat exchanger.

=
__ -Attempts have :also been made to transfer the heat from /'tﬁe HOLD, whieh - =~
has-formerly been lost in the cooler, to the thick paste in hest exchangers
of our own construction. Such HOLD elements wefe Joined” in 20 meter lengths -
one behind each other-and had a_cross section shown-at the bottom of the
figure-9. It may be found however that-many technical and onerational-aifi-
- - -——cuXttes -have made their appearance,—in-partieutar<those rssulting from tho
non-uniform production of the HOLD, . S o S

T S o R | E
. ....- The heatl. flow-diagrem, figure 10, ehove
prelieater has been sgain reduced. Mtcas
250,000 keal/te of pure coel. . o e e L

8 that the heat flow through tho

" Possibilities of further sayings in heat aa well as reducing the pre—
heater load have not yet besn exhausted as. long as such large amounts of
“heat-as_we find onm-the heat flow-dingrams are still Yost in .coolers. . The
heat of reaction produced iA the converter -ig sufficient to heat un the .
coal paste and we should try to economize hent right at thée converter.
We have taker so far f/'c{' granted that the coal paste ghould enter converter
I at 4250, Dr. Pler hes ‘ghown dlready at an early dste that the use of
—cold gxe a8 & cooling method should be given up for chemical reasons and
. that_feed 1tpelf should be usad as the cooling medium, —The first. prictical
step in this ’rect'.ion wae the use of cold paste. Some facts based on ths
“peculiarities of currents in the converter are hers of help. Obvicusly
the same amounts by weight which enter from below must also. flow out above.
. However, this-liquid is first made to circulate, as shown by ‘thé amrrows ian = -
figure-11: - it-ig the hot feed movement along the wall downwerd snd bscoming
mixed-with-the colder intake feed. The reaction temperature of-4i00 ig

_Aherefore reached by mixing the incoming paste at the aso-called starting
- temperature of 425°, and of fhe return flow at 4700, The returm flow
7. eBTTics over therefore the makimum heat. What oroofs do we have of “this
-+ .- circulation flow, or has it been arbitirarily assumed? It has dbeen found
many years ago in Leuna that the coal utilization at the intalke of the— . .
converter already amounts to some 30%, andi st the outlet of coaverter_ I 1% i
_equals to 85%, but rises from 30 to 60% immedintely upon entering the con-
- verter. This can only be attributed to &-mixing effect, and an equally high -
~utilizstion.has been found below,- along the wall as higher up. N :

: Acmzra,t,e measu:emg’_gt‘g of  temerature over the cross section of ths con~
verter made at Gelsenberg have shown -that the temperature alonz the wall wis
a few desrses nigher than insids. With no rEtdrdl T18% the Terpsrsturs shovld o
~ be lower .on the outside than on the inside bscauss of the radiation from the

‘shell.— - - - - = T e




Dr. Urba.n ‘has carried out a practice.l test .in Scholven by first intro-
ducing cold paste into the converter.  The introduction’ of cold paste frox
above caused the whole reaction to stop, and the intake temperature ‘n the
converter dropped suddenly. The.addition from above h:s therefore inter- |
- ferred with the return flow. When however the coal paste was added from
below it was raised without $trouble to the reaction temperature. The fact
that he made his’ injection into the second converter did not. alter the prin-
ciple. — . , , B 5 _ N

e e L \.'

- 'Hze return frow anparently ca.uees 1rregular currenta 1n the converters -
but brings the ad.vantage of permitting oneratirer of the converter with &
© lower 4intake. temnerature. It 12 therefore clesr that the large amount of
return flow permits a lower intake temperature, than a low return. flow. The e
curve for the minimaw converter intake temperature was interpolated to highor _
o thru-puts- fron~the—b9havior of—theinlet temneratures of "three and four-converter — —
- —=etaX¥te, —This msy Also be obtained . by using a curve baged on-the law of mixtures,
- whkich reproduces the relati onship' of the return fiow. fram the thm-put Ratu-’
rally - this curve makes no cle.ims to . great :=Lc:c'i.1.z~au:y°

ERRUEC

PR

Owwﬂsea*:thst the " nﬂ:ake"remnarature o t}i—converter i8 no defin? tely
praaetermined temperature. and has. mthingJo_dc_uiih the reaction temmnerature. .
It depends upon the. thm—put fcr—mw—converter—type. This s the basis for

the different: intake temneratures in the large scale and small scale equip~ - _
" ment— with thé radiation logzses nstursliy.-nlaying = gzemz_mle_ia_mll—seak'
: equipnent These factse nay—be uged in a varisty of wayss
1. The’ operations are carrisd in the converser at ss low a tenmeratme
ag 1a possible from operstional reasons;  shkould this requi—re too . 1arge a part
. of the firat converter be kept at-a too low: temberature, & fifth converter
~—can be ntroduced inz four-converter staII‘ using the first converter to a
certaln extent as & precheater converter. This »_method of-eperation isat - - -
present used In P8litz with success and the our-converter gtall with a nre-
heater converter has- someuhaf. g’reater yield than th.e uaua.l four-ncunverter
stalla. : ‘

o »’ith too large t:hz'u.-vpumse with xhich n aingle convpr%er wou.ld re—

7 qz.ire too hfgh an intske temperature, the-two first converters can be conrec-~
-‘ted in parallel, which wouvld autonatically sink the inlet converte"' tem*pera*ure
because of the reduced. loa.d -

3. Alao. a mnverter w—!th a la"ger diame:er than the other converters
can be placed firet : : T LT T e T

BT 'O Other meagures may na.turally be uaed to prodnce Wenter amPu.nt of
.. -Teturn fiow, such as the-installation, for’ instance, of sleeves in the- high
) ', pressure tube a3 already had been auggested at an aarly

and Eng. Goetze‘ . , - v LT

"’hese meaeures are- not,_ﬁ.p_tended to save- nmch heat “becauss _an additional
s converter—vould CcoBst’ eeveral hundred -thousand EM, ‘and would.naver become

anortized by a aa:rfﬁg in heaz of on¥yone - two v"illio;.s }ccal/h 'I’here will ;‘ -

o ...—.s-k,... s




however be & great reduction of_loacL on the prehenter. because tfhe difficul-
ties are greatest when trying to raise to. the highest: temperature, and elim—

- inating_thia_necassizy_yill pemiszonanLdrop in the wall xemperatures, h

Should ‘we consider all the different methode based ‘on heat exchangera, ,
vhich may be used because on the existencs of the retum flow, such as the
) _cold paste 4njection or the installation of a preheater converter, the’
preseﬂt stage of the heating of a coal stall may be suumarized.as followa.

- "'he feed can be aconomically heated by this means o within 140 50° of
A further’ rpductlon of this temperature
interval.could be nr@l;ped ,by—\furthpr inereasing the heat exchange surfaces .

~ of the heat exchangers. The gain in heat is therefore economn:al"f‘ connected
vith thp dnstallation costs of the additional heat exch&ngera. .

I Whe.t are the means of bridging,,ms_nemami-ng——i—n—teﬁeﬂ—ﬂ—g’way—fo .
favor the preheater, shoulid-this problem arise? First of all, is the. thamal a

Dump suitpd %o solve thi’y problew"— oL T

PR

-, I vill for this reason briefly repeat. the principles of the thermal PURD o

~ _Thera are two entirely different processss to produce heat st a ‘higher temper-
ature. The first_ one.is the meihod previously used slmos: excluaively,
consists in tﬁe‘ﬁﬁ%’zstion of such chemicel reactions, mostly cvm’ousticx&_,- _
reactions, which proceed “with production of higher tempsrature, Our praheat-
"ers were throughout opsrated on these principles. The second principle which
hag been practically developed only within the most Tecent times depends on
the.properties of gzases and wvapors to become heated ap when coumreaaed The -
heating proceeds according to _the iow e -

_-The table, figure: 12 ahows ;he 1ncrease in temnprature at different compree-ion.,
. This requires however the e::penditure of mechanical labor which is converted
into heat during compressicn*“ These procezsez 8y therefore -8lso be called
mechanicsl heat prodxzction. “The law of conservation of energy ._ppliea to
‘these methcds of heat production sz well, and It isg 4mpossible to_obtain more-
o+ than 1 keal-of newly. proeuced _heal by ex; expe-nding 1 kcal of : mechanical work. B
Hnwever, the heat may bde ‘brought-un from a lower to a-higher tex-sraturs and
_thi a_m_he_dcne_only_at the expense of 2 definite amount of . nec.hanical woTk,
as stated dy the second law of themodynamics. Such e.rrangexsents for the
. transfer of quantiiies of hoat from & Yower to = higher level ars called ther-
- F - —mal-pumps. - The work expendltnre.md_the work.raqpinements o méh_tm S
~ pumns- are: fgug.d es- follows fnr ain.——— T e T B —

"::_...;...

_atm, - : :
~-from thiﬂs_wa}'g:air~at some constant. nressureqor_tnamonnt"bm‘l-_z c;: S

(t37= 80 =02 x 25 = 67eal. ‘l'he work of compression I3 -

T ERTE e (t- =, T"sz"‘x STxg,‘ or AL; 5 6 el




In this \-a.y by oxpending 6 kcal of worlc 6-kcal of heat have. ,been ~ob‘!;ainad
as 18 required by-the-law of conservationof-energy, and-it—couldalsobe
produced by applying-brakes to the driving motor, that is without any com-
pressors. . It must be remembered however that the compressed air cooled to
20° will still have an excess pressure of 0.33 atm., that it would thus still
be in condition to perform additional work. This work could be’ used to drive
the motor, possibly by expangion of the COmpresspd air in a compressed air

motor, which will produce the work L2 - Por the opezration of the- commTressor,
conpressed air motor and a driving motor, which together form the thormal
pump, we have to sup'oly from the outside_an .amount of worikc Ll - LZ’ :

"‘he amount of heat Q-l = ALy e , , :
B EmE,

haa been thus produced by the expendi ture of 1 keal of wor’{a This value i
positive and grr—ater than 1-in all cases; becausse L;{L;. It represents the
amocunt of heat glvenr out by the: thermal pidp~to the outside in the form of

+ usable heat from 1 kcal of mechanical-work used up ir the drive motor. The .
question now arises about the origin’ of the  exzcess of this heat over the heat
equivalent of 1 kcol of work: ueed, and how large tha.t is. e ez

r"’h.e -work L2 of ‘che comnreased- air motor is smaller during the adia‘batic
) expanaion of -he comprescged air in pronortion T, ¢+ Ty than the driving work _
"of the comoressor. We have therefore o . .

. Ta——- . . ] 4, ) - i - 5

—

The amounts ia the uecond 1 'ne of. this_mble_zepmsent_nhe t:xtel emountga_ —
nf”xieat "g=ined v.‘;th 1 kecal of work used.” %cy &xcoed the work used from 1 :
kwl by the e.mounus 1n the thi'r'd 1ine.~ Bhe latmount&cap therefore cnly

S ,,,;"_‘:__, - I LT T




resuls from the heat nresent zn the orerating air before ccmpression and -

* o oao ARO
EJ A ¥ S =~ - S S

In principle this process may also-be carried out with s&eam, and it
‘may bte shown that with the two drives, with gas =2e well =8 with steen, sbout
the same amount of heat. will be prcduced fiom 2. keal of work, when the tem-
peratures are the same. The steam process has the’ advantage that no expan-
sion motor would be required and that steam woulid rpermit to make usge.cf muck
grester amounts of heat for the same re equired volumes of the compressor, than
with air. . The process-conducted with-stesm lets one readily realize that the
hest Q  required by the: thermel pumn i3 to & great extent delivered from the
available sources of heat, since every kg. of steam sucked in by the COmMNEressox .
. - . hnsd been firsts- _produced in the —boi—lﬁr~£rom~h0t—w&b9r—b'f—stprlyingvtsm heat—of
’l”»“____ﬁ_yapozizationﬁ, "This process-can -bé conveniently represented by the so=callsd
' .1'S diagram of Mollier, figure 13. One may first of gl}) observe the sc-cslled
‘ieft and right boundary curves, Underreath this boundary curva is the vat
‘steam region, on the right above is- the sunerheated Tegior and points on this
boundary ‘curve rsvresent therefore the saturated steam. These obliquely TN
ning lineg ars isobars, es wzll as isotherns ingids the wet ‘stean- region, -
T Only above the. Iiniting curve do_isobars and isotherms dranch off from each
" other, fhe igobars rise with a slipht bend_nn top, while the isotherme riae
only alightly toward‘the right. The procaess in the thermal pnmp ray be reore~
sentedAjherzfore as—follousL , __:uﬁff_fw . R

Steam at 1 atm. and lOO° is adiabatically comnressed to 2 atmNl that is
the compression line zises vertically high tc the pressure of 2 atnm. Prem

-here heat .will be subtracted from'it “at first the ‘heat of superheating uniil

the right boundary curve is reached,- and-from then the heat of eveporation

dq!n_&g_cQmple3aLJiqnefacxionu—the—$emaeratL*3~of-the—ccu*tng*npdtum—'brms
th- boundarb’ R . ) .,'~—:

-
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vould like to—add“the curves ‘of the nrcductivity coefficientéf- 1

—Tp Ty

(figure lh) in relationship to the temnerature differencc*Tl ~ 7, for dif-

- ferent temperatures of heating- VQ_max;aea_thaxthe_coef¢icienz~rises—f:r—f—fvf~~@4
steeply when the temperature difference becomes smaller, and the coeffieient

of efficiency itself becomes” 1arger at higher temperaturps ‘of heating, than
atTlower temperatures, while the difference ‘n temperatLre remaine thh_eame;a

: I will show you 1n figure 15 a s.heggAgf evaporﬂtion of water by means
of a thermal pump. The heating will not b~ done sizply by means of electrical
,resiat&nce,-as presented 4n this picture, whera 1 kWh is merely the equivelent
of 860 keal of heat nroductionc or oanly 1. 5 kpo of water, and we will maks use
-0of the heat of v*porization presenf in atean-at 100° and make. it.available
at 105° by using a thermsl pump. We may obtain at loast theoretically an. -

efficrency

P — Te -
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- There ‘18 produced- therefore ﬁ."fty' times greater amount of dis‘tmsife; .

.. Figure 16 shows the e.ccua.l %appearance of suc.h evaporation 1nataIIat£on8.
The solution to be concentrated in ths evaporator is first brought to the — -
boiling temperature, that 1s 100°, by means of fresh steam.  Now the already
preheated compressor is put to usa. - The latter exhasusts the vapors from the
steam chamber of the vaporizer,: compreases “them and Treturns them to the
heating mdy. Thpy are liqnefied there and give out their heats of ‘supar-
heating and vaporization. The hot condensate runs intc the bottonm part of -
the vaporizer and from there into the’ prehenter where its.-heat is given up
to the feed brought 4in by gravity from a container at some height. The fesd
becomes heated to approximately Ty and after passing- through the preheatar
enters the vaporizer. Thé condensate of the heating substance cools 18 sporon=
. ﬁmly—%o—the—rooa—&emper&tnre—an&—nmrfmhe—prehesterdnto ths storege
-7 tank for distilled water. The Immsdiate heat oc consumption-¢ —~consists practi cally

only in the amount - of heat necessary for ‘the_qggzggl_pteheaﬂng_oi_the_impo
rizer contents. It plays only & subordinate role in the whole process. —Tha
power consnmption of the compressor 18 chs.racte*istic for the economy of the '

I~

~ whole process.. S , L T

The heat transfer througrthe e‘t.rface senarating the condenssr and the
nrehea.ter proceeds. freely with but few degreés of heat and the power require-~
ments are therafore theoretically of tha order of magnitude of 1% of. the ‘heat

] ranaferred, . They ars ﬁmrachorerme th
Wmﬁﬁmamwrm—%ﬁmmmﬁs—mvé Hot nevertneless
- Treached any great practiczl success and are hardly ever are uasd in our I.G.
works, f8 %o be attributed primarily to the excellent development and overs~.
" tions - of the manye-unit -eveporation equipment.,- -In—thesHhe vepors rising in
the first vanorizer are used as a source of heat of the :second vaporizsr. - kep?.
&t a lower pressure and which has therafore & lower boiling temperature than
the first preheater. ‘80 that the first vapors in the heating unit of the
- second vaporizer bacome-1- quefied and 1he—heat*of“nquefaction i3 ¢transmitted
to the-contents of the second vaporizer. - The same smount of steam 4s davel-
oned in the second vaporizer ag has been liquefisd in its. heating uni.‘ and
"this steamis Atrrensmitved to a third vapori7er with st1ll lower preamre and
- —sem:remez . : = - — e — e

‘¥e may get directly from the I/S diagram’ the ‘work to* bo used for _a.
definite vaporization yield of the thermal pump., The amount of stean, _
‘ls:ﬁ.logrza.msa obta1ned. trom l_kcal of wor.-c of comression is'

- . e e e

t.ha& u the work of——conpressioa Qf }:g‘_of_sieem fm—} atn. to—%—s*#. —ag-




The heat of vaporization at 1 ntm, is equal 539 kg *), and 1 kecal of
_work requires _5.%% = 18 kcal of heat. B

~

‘& —

We now turn to t.he question whether and to what exten,t in heating of the
othér hydrogenation stalls the thermsl pump could be- *ntro&ucad We see that
the production coerficienté = 71 increases with 1ncrea.sing temnerature . . .

T] and also when the. temera&ure 1_" ° difference Ty - T beconing ema.llef {7

A vapor';che.se _stall must ‘therefore- be constructed in wh:ch the lasgt 100 of
heat. bridged over norma.lly by means of an electrical -resistance heating, wi}.l
be ‘supplied by & thermal nump. I will show you now two examples (figurs 17),
the first ene a -thermal v»umn.in a vapor phase stall and then in a liquid phase
stall. ~Fhé outline here represents a 5058 stall in which the intake tempera-
ture into the converter I is at 400° C.” We are ‘degling therefore with-an-0ld
~ ‘catalyst, The hest’ exchanger should .heat only um to 3909, and 109,  or_200,000
- “keal/h remain yet to be effectively added. The thermnl pump, which we havs
. seen $0-consist of a commressor. and..an expa.nsio_n turbine, which mast be coRn~ -
structed In our case as high nressuare mschines nay possibly be advantageonslj
= ;;mnﬁmmmmrmmmmmer =
T would have the advantage of raising the hydrogen partial pressure inside- the
converter, but would introduce the-danger of having someiiquid constituents
——sti11 remalning, and they msy do damage in.such an arrangerent.  Computations -
show that compression of mixture of gas distillates with a-compregsion-ratio . ..
of 1.05 from 420% %o L30° is sufficient to raise the output of the 3 heat
exchangers of the ata}.ll to the converter intake. temperature sxclusively ... -
" through ‘heat exchange. ~The exhaust engine “will theén ba connec’te‘d:rimediately
behind the hot heat exchanger in order to win back the maximum amount of en-
ergy. 1t would be profitabls to kaep the second exc.hanger ag small as possible

As 200,000 kcsel/h must be theoretically delivered with electrical resistance
,'heat.tng. the differential production of the commressor and exhaust machinea. —
in this case the thermal pump, would. produco only 20,600 keal/h, This produc— -
tion factor of 10 may naturally be still further raised by making the sxchzngers
et1ll smaller and exhaust at still higher temperatures. Some allowance must
- ‘however- be»mde—forfsuc?r—a-hea%»exchanger-ia—o:dar—io_oxerms-amer m:tavmble -——w,—_,,f :
heating comLtions. An initia.l preheater ig required T : LT

, It ia more difficult to introduce the thermsl pump inta the liquid phecze
One can think of no machine. which would compress 2 mixture of paste/gas to~
géther, snd condeansate is alread.v present in- the return path at any tempera-
ture. Moreover the tem'oera.%ure interVa}. to be bridged over is greater in the

v

») Upfortnnately ‘no other,nqaid 18 krown with aimilar fsvorable prapennes__..
- as vater—aml m“mzue‘a:som—ISM hig:er tha:r for w&tﬁr———— '

-




-‘quid phaee than ia the vspor pha'e° ﬁs we have seen 1t amounts to 40 - 500
with extencive heat exchanging agminst 10.- 209 in the.vapor phase. The Zher-
BAl pump can find therefore only indirectkapnlication in the liguid phase in
~embine.t.ion with the auxziliary circuit which 1s shown in figure 18. This
uxtiiary-circult,—in-the use of which either nitrogen or air may be used,
is heated by using the highest degree of heat. The maximum of the heat of
the digtillate e a&-ﬁay utilized in the heat exchangers and the most_ mita‘ble
heat ig the HOLD heat as well ‘as the heat between the last converter and the -
kot catcnpot which has previously been removed with cold gas. The auxiliary
circuit will be heated to 440% by means of these two sources of heat, next
'compressséyin.a comprassor. to 5400 Zor which -a-compression ratio of 16 will
be required that ic from about 10 to 15 atm, Thie low pressure gas now
Iowers its heat to 4400, it 18 exhausted with “the sams decompression. ratio ‘
. ard_xne_nitrogen or the air are eooled to 3#30 and ie then again heate&—to'ﬁ~"
hLpo 48 the two coils and recomressed -

[

What doesa the preheater ftself look like?- First of~a11 1t has to beA w
constructad with the same number of hairpins as the earlier commressors but :
without being finned, " A jacket is made to surround every halrpin and tha

- hot heating medium circulates through the annular space. - The heating madium
1s under pressure, - and the annular space tmst be of such dimensions that the
heat transfer coefficient is 'higher than in the fInned preheater. The maxi-
mumn heating- gas temperature may therefore be lowered, as has actually been
done in this case. The maximum heating gas temperature was 5400 neninst

- "570% and over in thp finned preheater with the ‘same -punbder of - hairpinz.

R Tre production cosfficient i3 no lonper as ‘favorable for theoretic&l
reasons 88 it was in the vspor phase,. because one’ hae to work with grPater

= .vuuvrauu:e'uxxferwnce“ayﬁxqr1r—ﬁiia_ﬁtrectIy seen from the energy balsnce _.
of the machines, which have heen’ obtalned under theoretical conditigns. In

~thie stall, 88 in the vapcr phase atall &an_initlal preheater must be in-
stzlled for the starting of the stall ‘beceuse &t the svart the source of
-nes% from the HOLD 13 as ye? unavalilable and heating of the high pressurs
unit to the reguired temperature. would be too costly with eleétrical energy.
— ~—Inere sre naturally some other possibiliiies to apply the thermsl pump in
: our-ceses; —Thug Dr: Donmsth has suggested %o make usé at JOO atm. of fresh
£387°88 follows-, _ .

It is branched of?f. from the 200“atm—*comnresnnrA—heatea 1n the last o
* heat exchanger some 200°, and compressad .to 700 atm, which will causc it to .-
. assu=me 8 tempersturs of Sh0° and 1s then_nggd_zgr_nixing_xithpthe paste-gas
,ai‘&nLeWAeated 2o 3800 - T

. T¥e have nowvarrived to- the most important question with rpgard to the
thermal pump: Can these high theoretical values ba approaehedror what may
sctually be expected from the thermal pump in practice? I _have thererore
shown again in” this table the curve of the production coefficienf‘at Ty =

"~ "800 absoclute for a temperature difference un to 2500, ' One may see that the _
M-‘productlon_iactor at low temggrature difforence theo:giically greatly ex-
_"ceeds 20 . ‘ . I '

- ‘ﬂﬁht effict viIl efficiency have and what ef!icianqy may'in general be
considered? There is first the efficlency of the COMPTessora: i ~. The-qom-

7,g“ﬁw;w—f~ preaso.—has~a productinn Ax buzfgives*up nnly;Afo‘\K_in the form»of'heag~~_.:uwA.»nﬁf’




“The efficiegcyi x 1e very high and is around 95%. The amount of hest AK x
K is delivered to the preheater, but some of it is lost &s radi ation and
some &s resistance. Both losses are expressed in the efﬁciency NV, .. it
amounts to 72% and consists of two paerts, the proportion of the heat tranas-
fer and the proportion of the transportaticn of the fuel gas. - The formezr
awounts to 80%, the latter 90%. Thus only the efficlency Ag Xny X Wy enter
into” the recozery of wori.. 4in the. e*""v‘ ngt ¥urbine. - The_ efffcéiency of this
“imachine \ g 18 60%. The difference in work amounts therefore to Ax - A£{ x ,
rtx INY TnE- For further explenation consult the figureo i L ==

S We may add the folloving- to the curvee.

1/‘_ The h‘gh_production figuz'es are’ stronglLaffected by the efficicmvies L

of. the unit. The upper curve in wh*‘ch only ap enters into consideration da

B "*?rbﬂ.l bigh ana denends 4n- 31mosz its whole“aeight on the compresstion 6f° the e
VEPOTS, since no exhaust machine is used a.nd the whole Tn‘at ~exchange of ths ’
ey«tem proper: never cakes place.

: inportant to operate at the lowest tememture diffez'ences, if higher dii’fer—
ences will cause fewer difficultt es; one may obtain therefore only a sli sutly
_lower afficiency of thp uaste heat a% lower tsmuemzu:as, .

T -: Were this reeult the only one a\va* lable. nemely the. t"ansfer of 100
‘more heat during hydrogenation when’ usinp the thermal pump than- the heat
equiva.:.ent of the electrical heating used, tha.t is an averafre efficiency of

' abom‘apnitying thermal—pumpa' to*hyd:ro*ge‘nanon. . ""f’

: Ve have kent 8o far ocne i’act out of considemtion, namely that the
‘thermal. pumn is drivenm with an elecirical drive which is produced with conl ..
in our case, and-we must therefore ask the questfon: Vhat is the thermal
efficiency_of electrical energy obtained by ua? Ve have so fer tsdiily _

lectrlcal. energy to be 100%. This is however

- by far not the case. To judge this queation we use- -again the IIS diagram=,
The electrical energy is obtained in counter-pressure turbines.~ Steam

. under 100 s&tm, pressure and superheated %o 490°, is expanded adiebatically-
to 18 atm. : The expansior line ends to .the right of the vertical, that is -
-the entropy is increased and we get- about 1 icg.- of steam with -around 800
_kcal heat-contents, an elecirical output of eround 110 keal, Steam-under .-
18. a&ﬂ,,_m_th_all_ug_high heat contents is %11l available for Theating pur-
posss. With this counter-pressure operauion 8 high efficlency may still be -
realiged depending on how the steam is ussd,  Elecirical energy is, however,
-in most caeses producsd in so-called condensation installations, specially

" when there is no use for the exhau ezha.ust steam. I% is alzo expanced in turbines.

to a preseure predetermined by the temperature of the cooling water of the
. " condenser, For instance if 18 atm. of asteam is msed in an expansion turbine o
- -..-and {%8 pressure reduced to 0.05 ata.,- corresponding  to. a-_temneratuze Q:L,ﬂ _“_.:___:3?5 '

_-gaturated steam of 30%, 1 kg. of stéam with 525 keal will be takemoutim T - T —
. condensers - The thermal efﬂcfmey— B R s S RO et

f . - —




n = Heat converted- intowork

Total heat . L
Should we consider the efﬁciency of the boiler as well as other losses
the efficiency of the condensation machine muat be set at 21% maximum, Even
in our chemical pXants which have the hig;hest requirements for heat, & large
part of electrical energy rust ba obtained from condensation- engines. Should
electrical energy be used-for power for the heatiny with thermal pumps,.snd
the electrical energy -preduced from coal instead of hydra:ﬂ.ically, this elac—
trical energy is produced with = Condensation sirecam and must thersfors e
ueed with the poor efficiency of the condensation engines, of 21% maxizum.

e o

: Ve ‘have seen above that the high efficiency factor of about 2,0 cf the
thermal- pusmp is a.erlved Zrom ths efficiancy of the machines and the heavi"w o
arrangements. Wers the thermal pump_ tc be. compaz-ed. _with dirsct heating,
namely %ith fthat of our gas-heated nieheater, the ef"iciency factor of 2.C
would have %o_bs. muitiplised by 0.21, the efficlency of the condensation
drives and the total efficleacy of the thertmal pump drive would amouni %o

Lo®, ‘while with our ;ou s pressurs heauing we may count. on 65}5 o .

i Figure 20 ahows how a.l’ heatois- -conkeds that 1s the heat of the die~-
*il‘l tion coolers, of the HOLD coolera and the heant given off between the
last converter and the hot catchpot.  We get waste heat as 10" tefh of
steam st 10 atn, and-448%; thig 4s compressed in 2 turbocomnressor o SUOQ,
1,720,0CC keal/h are transferred in the prelieater.. The residifil steam is
utilized in a power englne and we can see thet tne pover. requirements of
t.he compressor are not met, R

- Bven if it ‘were possi'ble to increase the ef"iciency of 81l ezpancion
machines, a3 well as lower the heat lozsesz to permit thermal pumpsz to resch
. -the efficliency of direct heating, and the thermal pumps can be uilt. suffio
' clently cheaply after sufficient develOpmant&Llarge-scale production to
.permit their actual introduction, there will 8t211l remain -the gquestionT
What is the advantage offered by "the thermal purp againat the former ways
of ‘heating? Such & heat transfer will be markedly-more- expensive ‘than"irn
. our present praheatars. hecause- of tha increassd engine room installsation.
In addition, a usual preheater will be required for starting, erd the opsre<
tion. preheaters will not heve their loads reduced because the same tube wall
temperature i3 maintainred at -the. same surface; we heve at mosi- less-erust
formation by lowering fuel gas temperatures to S54O% from 570°. However tha
present-heating nay be replaced with presgure heating. possibly by using- the -
principle of Velox boilers, 80 _thet evsn this advantags of the-low fuel gas
temperastures is. loat dhile the present efficioncy of 65% might conceiva‘blv be
raised to ,75%0 - . . , . L

We'may theref-ore Bummarize' as “ollovs’

. 'The use of thermal pumms {4 1n_gmm9xm_mmmlmblr in cconcmical _
. - Bystems where—tie_p_oye: ie -zenerated- kvdrraulic&l’l’y and—vhcre*there is no poze-
"~ “ibility of combination of heat with power. Thermal. ‘puBps will become impors tant

- 1in Ger'nanz “only after s2ll condensation flow is- replaced by counter-p:easn:_e» :

fiow, water power or wind power, after counter pressure. ﬁo&‘;\\gdtsine currant,
-Nwater and gir, are introdnced for- the vroduction of hc-a -The. thp:mai pump ’




_offers no snec;al Advantagea in applica%hmtoﬁw&rogens%%m—m&vfkl rosalt— -
in & poorer efficiency, and it is therefore tco soon %o apply the thermal

-pumn raieing the te'apemtures in our hydrogeuation stalls, and to consider

it more tham bsing meroly of- geuere.l 1nterest

™

/8] Schappert
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T T.0.M. Resl Ho, %
F“*an. No, 667 -
p 865@366

,Kigh?raaanre Test In 558 . . - o T
o -7 BUIES FOR THE GWSTRUGTIQ F H!DR@Q;W STA_IQ .
~The variona prcposala for genoral ru.los can be cnbodied in the follo.ing fornu:

1.) ~Cansidering that in the nmn-e we will still have to count
" cn using pipe bridges in the hydrogenation stalls, the stalls -
shall be built with closed walls without any openings of = -

— -~%~cm~oqma——rhaymtbo thwt_m me side and - - B
: cntho top,-“ P ‘ =

2) mthac:pcnaidc,mdwithinadiatancoofuptOBOutera,

© . _. _ moworking gpaces; frequently used traffic aisles, squipment -
- containing inflawmabls materials »- etc., Wwhich are not d:!.roctly
- connected 'ith the operaticn of the stall,-shall be- loca.todo

30) Working spaces in the immediate vicinity 6 the stalis (in- -
&mdinﬁwwé—m—h—pmwm --

axpl&w pmibilitiose—~~ S s e

4.) Ths stalls sust be deaignad for anple wind preszmre with the
: usnal safaty. factoro - ) .

5,) The stalls must be ~aesipea~ror ‘an innnr static absolute =
- pressure of 300 EE/iZ with ‘the usual safety factofaf:_"f"“‘”

"6.) -The stability of the stalls, as well as the conmection at
the head of the high pressure canverters, must bs such that
4t can:take the hcrizmtal reacticn cansed by a hrea.k in" & -

_"" ' ccmnocti.ng ‘pipe.- ¥

- 7;) S:!noo, 4n ganoral, 11'. is npoaaible to- calcula”fe ihb tupornry —

- = . __stresses _caused by & hydrogen-eir mixture exploaicn, the rein- -
- . Torced cancrete walls or the reinforced concrete skelston frame
e mt“bo g0 reinforoed. that_-mly a searring of the ulls, whiolr




T.0.M. Resl Ho. 7%
pp. 833-839 .

S _lnifiainpleatim,—jha tube mmcmm
: titlr-firoproofliningonthanna I‘hotubeaaremangedinasingbrolal-
* _ong the outer walls and scmetimes in a double rocw on the ceiling, The coldest -
' “starting tubes are located in the discharge flus, which is usually arranged for ---
" downward flow, -~ While the first menticned tubes are.smooth, thst is, withoot ﬁ.na, :
~.mcmmuanmusmm.mwnmdo- T } - '
l'm this a:lnpls:t farm, tho double preheator '1th oi.thor two or cno
‘ ‘ -(hareia‘unm,toprwidoashrgcahoat—
. ing surface as possibls within a reasonable space, - Ancther reascn was to satisfy
the often recurring requiremsnt of two interdspendant circulating heating currents,
‘as, for example, the heating of the crude cil and the cracking fraction-or al- - - :
tomto]; the recicle. (m 1ndiv1dna.1 tubes are nsnqu‘ ‘Hot" mr Futora-la:g )‘

T nmd tuboa‘ﬁ“ﬁalm used in the oldnat crn.cking and diatilla.ﬂ.cn -
-coj,l.ao'_b_, : e ) LT | f

hog'! A
S ‘More neenuy the ooils have alsoc been arrangod in tho een‘bor of the h.at- -
R '~'*“mmm—ﬁrm~m_muc:ﬂy—m~mh other-so—that-the-radiationcan reach :
* - %the Mdl_aidaao = kch vertical —aecticn can thon havo 1ts cold greheater R
cod.lo S _ : - :

mm_g_m&ms

~ 7 ~= " The recicling of the waste gaaes for raducing the: rom tanpemture is
occaaiaza.lly, but not genorally, dan e ]

A e Line oquamam of embusticn to prqvide as mifauly as 1.-;0&31}.)21;0\\_~ -
tempcratura atnaaos 1n tho tubca .can ba achieved: by cmm caaculatimo L -

_'1




1) Gmbebasodm]ytoanrymlldegreomtheoldoatonchng
‘pla.nts, such as Bourton, which are diroet]y copied from th. stean boﬂcr ccnstmo- v
ticn prcnlcnt a.t tha.t tmo = V - ,

o 2) Thominmmiathsainphandchoap conatzuctimofthetholo ,
: prohaatcr, the easy accesaibility, clsaning. and cantrol of tho tubea 1n opora.
Stiens Indetails o e e —

a) The fm.-o i1s of simpln steel ocnatrw:t:[m in which ths
tuboamauspondodo; - - - -

T Awﬁ} “The tabss are Aot - heated at both of—ﬁheir connocting
CT “%‘bﬂ, are protectod—rrcn buming gaao: s~ actesaibls

e} Ceiling and wallas oonglst of annealed :ireabricka, which
.. are individually suspended fram the ceiling and then covered
- with insulation, VWhere a cover is required, this cmaiats ;
of simple stra.ight plates., Expensive Linned tubes are-
-a.Vcidedcr : ,

~a) The- bnilding soctim is 11m:lted to a light Toof, usually
of corrugated ircn, Ihich 13 intendod to protect r.nly against

Vort.ical tu’nas are uaed i.n the U SoA only. :l.n the de Floros cracking -
proooaa, -excopt for tho special comstructicn of Houdry, which really are ccnducticn
heat-exchangers and a : _mpatent litora.tm, 'hilo pra ”Et.caa.— B

ccnatmtim tolla'a other lineao - - —ﬁ—»—f - ~

' Ih‘_dncid:ng_tactar_in_the de_Flores process s sald to have been the .
.. easier aopmtim and removal of irsolubles fram the tubes. Butl radiation heating.
:l.s also md j.zi"‘t'.hoao ring-ahagg _shaft. fumaeeao o ] S

heate )

100_- 5,000 n3/day
length: " Approximately € meters
Dianmster 'ith a capacity of (5,000 bbls./day = approxinate]y 800 T/dv
. BR,

L Dmble bendl on ea.ch end fith—specmh—fom&mcting olmntso Each
tubo can thorerore be mchineecleaned;o ~-Aocmibmtyﬁ1&mxy_goodo____ RS

PV UM s — . 2 B SR PN S et o




: —Origimally ordinary carbam ataei’., was lmg retamd, becaunse opora.ting .
magtrs valued the- oharactoristio_or the soft steal tubea ’ infhting bofore burst-
1ng chm to incrustatimo _t L ‘ _

FR ,,hter L5% chruiul mol a.nd, _because of hvdrogezr aulﬁ.do attaok, alao
alloyed ateals, such as V24, Original omstmctian dirﬁculties ha.vt been over-

—————

. Sinca thc masided stross:[ng .of the tubes through radiaticn at higb
heat loeds has led to difficulties, -such as distortion and incrustaticm,’ protect-
ing screens have, in park, been placsd befare the tubesz, - Bclmr, a later con~
stmct:l.on ua:’.ng ra.duticn rrﬁfboth—atdernm auj:tuba;a -

L

VEEEST S S

IS

o Is used mdividmlly, the rule is ainplo radiatim hoa.ting with the use
T of waato heat for heating the cold o:!.lo i _

Ga.a, oﬂ or pulvarﬁod coal- bumera (thc latter very aaldan) are used.‘ :
-Good rcguhtim and. ccntroI, particula.rlz of the excess ai‘rand—tha tempera.tur.,

T Sfandard 011 has tuilt-s horizcatal prchcatefa with radiation- haating o
' initsBamandBatchugoPlantso Tnbemterialismmxc‘%, Theaepre-
A hcs;bora have caused no difficnltieso - I

Pl
il

& G. - tarsy ——- o : L e
o In emidoring tho problens of rslmild:l.ng the vertiocal tube prehea‘bers,
. uaad up to this time by I.G. and the German hydrogenaticn industry in general,
into horiscntal preheaters, using the old tubes, any other but radiation heating
is oliminated, It scems apparent “that the horizontally arranged preheaters must ~ _ =
—-bo opomtod in the saxe. mnor as the old prohtatcrs, tha.t u, w:l.t.h circulatim heat.iggg

I Ipwe vigualize such f*m— cheater in a horizantal positicn and arranged L
e J.nilar t0 the 0ld there seems to_bs -nc reascn thy: wmutahm}dmoz Opmta s
s —*themo-tcchnica.uyn_wnu_thz_am pL nnst:ne ezpootod ﬂzats - o




mh-

e P

1) I‘h.nmtdthem-gwosmanmthetubeamlbeanm
« thani.nvmicgltnbeaainoothoadvmeoofthsflnidahsadottheguntho
: downward strean is olhinatedandthmbw also thﬁ rezsmn forthonom more _
- naroftholmrbmd ) .

) 2) 'J.‘hat the tezperauum diatribm:im will be more unitm over the Iongth
7 c2 the tubes’ since the present tendency for the hotte t gasos Lo acoumulate. at
tho top ot the prohnater ia olil:tnatcdo '

D e e - T PR - e e . sl S

- mmmwmwngmlmgmuamnwummnum-
~and dimt]iwnight ‘posgibly be solved by arranging the gas fluss vertically j
" and possibly combining & row—cof tubes in a flue with heat-resistant steel chamb-
‘ers and suspending thex as a unit or, possibly even better,- support them at the -
J&WMM_M —mld-then have—to—bo—udc mon‘ble from
ote aid¢° - -

—_ . i -

N, — - e

A Ql_thﬂr ditﬁ.on;g agp_oa.ra m tha probabﬂi‘ty that ‘& new_row oLapo-

eiallyahapodﬁrobaﬁckaunbomquired mdthat,hgon‘ml,thommq
_W__aﬁ the closnro ‘of tho hna.t:l:ng lines mst bo changed In-eny -

—

o ——%’..u ay cau, -.. gonoral rooenatmctim ocr tho preheatora for tho hor!.:-
mto.l arrangmt—u mqnirodo . . ‘

- -ﬁl@/ 'Geetz'eu




Fpaent
“Netals snd hut.-fmaunht moy-
‘Tube-prehsater canstructiom - - = .
‘rhamo-toohnical ca.lcula.t:lm T"‘ "

m Handbock or?.mm, Aaphutm—satmz Gu —_—

- __t)._w ' &G, ‘. mfl'oe‘hr lhoehr Goo) o T ey
» SHeat Tmator and Prounri“D:"Op o ‘m,quida m m,a 1936, p. 1‘29~_ -

E : Heat Transaission in_ Radiant Soctiaus of Pipo
e S © Stills, "I9R.-

- c) g._q._m Bu.t Transmission m*carncticn Socti.cna ot
Pip Stmﬂ, 19?’ Po 505_— T

'Prjncipha of lotor Pucl Pmmguax and App].icati.m‘ B

posEE T

I Gheni-try and 'roehnmg o Grak:lngf W:_l9?3“_ ~

W (Dunstan, ,‘sh’ m’ m} e

=7 Volum 4y_PPo_20T7-2295
. Volmms 4, PP 21752207 Beat: tnmiaa:lcn .

. Amslep (Bo Windisch), Schaﬁhman
T haﬂl‘gﬁ*t-bmclmmg won dichmdigm Z"Iindm ma:
.l mmmmm {Stress Galonhtim of :
mex-w.lhd cynndu- and’ ‘!uboa for Very mgnm od

: ’—_‘f’”’*dm-ch su-aumg g (Heat Trans- - )
‘mission Through Radiatiom) o
Vol. I’ M__, po 4960.

_max~ ——Wx Rahrmorhitser(!nbe mter ), Pipo Still
" Vel I, Part 4, P 233.

M _ Theorie und ‘.I.‘gclmik deskmckona {Theozy and*knhniqne ot
- cmcx.mg,) 1935° e e




Rptadt ‘Bamtechnischo Rechnungen fur Indnstrieofcn
4 Thcmoﬁiﬁztc ca.lcnl?tiona 8€°r Induan'm Fnrnmn) 2 & 19410
Strg.hlnna Radiation) .p. 86 _
{Canductiom) P°74 STt T
aahrbhcol (Tube Bumdle) -p, 79 - L
Uswslsheisung (Circulation Bea.t ) p., 228
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. Zunderfeste legiorungen. (Metals and Alloys for High
R r-poratnru - 1940, Scals-resistant Alloyue) L
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u.mm xommaazerstocsh- (Id.ght Garbohydra.te
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M _Die_ Knekvorfahm 'anter Anwend:mg von Dmck 1929 (The
' cmcking Process Under Prassm 1929)
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" o7, 113,131 | |
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Kigh preem*e e:q:erimenta, Letma 1

H&XIMUH PK“IEE&TIBG iR ‘I‘HE LIQUID PHASE

T

Summary- -\'I‘he old idea of Ergnig—f‘operat‘fona with CO in the h.ydrogen il P
beilng tested with a view of raising the temperature in the converters. Dis- _
cussion of 0020 vater gas or On-conta‘in:lng dacouq:mi%iomproducts of tha e e

) water gas.. - , A "y

R : . R . [,

_.Dr, Krgnig— has tried Jears ego to—*educa—the hxdrogen—'conmmption_fn
the liquid phasa when operating with' Qo~rich coals by the addition ofFd few . m:*f -
- percent CO to the fresh-gas. . This CO was. aupposeﬁ: to. comoe_tg_vith Ea __"__,;,
‘the_oa ‘of Ithe Goal,” becoming converted to~ 3’, “Whiéh tw—stadble at the rela- .
-tively’ Tow temperaturss cf the- econvertér, ter &as. oquilibzium ) ‘.Ehe
exPBriments have been discon&imcd- T

,,,meidemjem sim:e r:epeasadly_expmmd to make use- of the heat -~ ,
‘of the reaction of-the reaction cf oxygen ‘products with hydrogen to raise . : L
- the preheater tempersaturs_in ‘the 1iquid phass,: ~Th3 :rollowtn& considerationl—-————~~~f‘~ et
wers ' admnced to atinmla.te the experimentr . , Do

It 18 known, that' in the nz:gjeznp.e_of_ey.en ar_te:w_pex.cen&_or__cnm the
~fresh gas the tempsrature of the-vapor phage. converter rises- -dangerously, .
 whil& the increase o the temperature of the preheater and_the.liquid phase
converters amounts to but 8 few tenths of & millivolt., The reduction of CO
with Eg, i.e. the estallizhment of methane equiIibrium (formation of Ho0 and
CHy) ts relatively alow in th& last case, but may bé affected by catalysts,
ag 1s proven by what bapvens 4n -the vapor phase. The above equilibrium “
differs from the ususl comdus®ion phenomena with O, which must progress ~ -
much %00 ﬂolently unde* the high pressure of the converters and producs at
 least sonie coking as a remﬂ.t of loenl mperheating»- The heats.of reactions

- of the systems which may be utilized- tor heating are,' according to I:a.nd,olt-
: Boernsteins L e o -

1) Pomation_ojjgo @twnﬁfmm_(ﬂg)—*—IJZ (02) - - -+5',' 1 Ca.l )

B } = '96 96 ca1
_3) I'omation o:t co2 from (co) +1/a (02) == _+67 961)

' 4) Formation of > _CH), from (GO)+3(H2)--_+)_;5 98 cal ) |
5. X . (002)4—2&{11)-«--4-3956561 e

6a) Formation of GHSOH (Comu.nication from. 'l‘ropach) (00)"'2 (Hz) - -+27 Cal’ o

_6b) Iomation_ot_ﬂﬂg_(by Memca,-imm 033011) e = #418.98 Cal——- - =

(To supplemnt ~Water. gazr eqnilib’im (130}_-!: (820} = (coa) -+ (Hz)—{, g—gfgso.—ﬁ -




—_— -

o - Reactions 1 - 3.,.1.8. the introduction of O, in to the cosl-paste, must
7 - be excluded by the above. Reactions 4 and 5 dea{'with the production of the
., intended reaction velocities and with- industrial applications to the procass.
1t must be assumed, that every catalyst which-accelerates the-formation of
© 7 hydrocarbons, i1f added to the paste at the start, will become inactive - .
;. tarough depcsition of asphalt, for which reason tha accelerstor of the resc- .
+._tlon must be kept separate from the coal paste for the longest time possible.

It eppears that in actual cperations preheated CO, CO, or producer &as -

- maet be introduced into converter I {or the last hairpin), to vhich“acata—— ——

T -1yst is to be added for the following ‘reasons: S

__8) Tven the regular 1iquid phase catalyst promotes the reaction: in - -
‘ that case, the pasiting of the catalyst in the pasting oil will be~ -

found suffici,éd?», . o . S ,
~——————)-6uly = metal (of the B group) mey be coneidered as a catalyst: in
- —=—-—thatcass, one may advantiageocusly lead the addition gas over iron

R - ~

o carbonyl and inject 1t with or without ofl- It -will-be gufficient

to combine only part of CO with the carbonyl. -

To introducs the csfalyst into the converter: ~ = -

~ . .~ The _@g.ditions inayfirell be introduced into the c’éﬁvertex; Ehrgngh a io,ngw -
L © - -tube, ‘inserted into- the middle from below, so a3, to favor -the circulation 1. —

T 7 the-comverter. MoTeuver, part of the reaction may take place in the inlet
T T tube itself, transmitting the heat of the reaction thiough the tube. wall,

o It 1‘_ay‘>3‘a‘-st'n1|ed"“that‘» the reactions of fommqnmof; hy‘drbeaz;bons can be
. forced, T I . } , . ,

On the other hand, too rapid a Teaction may be moderated by producing

_ intermedi;té reactionse according to the reaction achemes 68 and 6b, - - — —

, The formation of h,ydr‘o’c&rbd’iisf from‘iGO‘ox" CO, may therefors. be mastered -v
from the stand point- of heat technology, and is well adapted- Yo 'the: solution
‘of the- question of maximum preheating. .- - - LT U

Ll




T.0.M, Reel 162
Frames 886-893
p—— *; Ppe 1145’1150 ;

CORSTRUCTION CF HYDROGERATICN sml.xs FGR_EXPLOSICHS

Ref: Icttors rrcn Diraotor Bra Sauar ‘to-Lr, Pier dated 15 Narch
and 19 April 1943, as well as & letter to Dr. Sauer from the Assocnticn ot
Ghenical lla.nufe.oturers , dated 12 lla.rch 1943, _

: To ths questicns raised 1n the a.rorencntimed letters e taﬁa tho
folloring poaiticns '

‘ mm pressurss oecurring in a tot.llz onoloaed s_gago con be-
: £airly aeemt&ly caloulated.  Appendix I and Diagram-I indicate these maximum
- possible pressures and temperatures -bzsed on the hydrogen ccncentration of - the
- mixturs with air; “For combustion at constant volume and about 325 hydrogsn
content, a maximum possible static pressure of somewhat. over 9 ats. is produced.
The inlet pamzage “in-the Hydrogenation.Stalls-is too small to cause a dotmtim,
‘so that the occurring explosion - pmaani%‘s—mturﬁlrWa—diﬁaunt—ordsrotw T
nagnituae ‘than is the case with explosives. .

it is hardly pouible {0 calcilate vhat ezplos on pressures occur 1n
;. practd Hydx .an-Stalls, bocause nsither the hydrogen contsnt nor

- 4its diatrihatim in the stall at the mcaient of oxploaian is knowmn, BEven if cne -

- tried to solve the problem by a series 5f simplifying assumpticns cnly static L
_ _pressure- could be determined at. best, t it not the dynamic stressses and vibrations
respansibls for tho”dcstruction in an ¢xploaion, which, for exanple, are caused
by directed gas streams., However it cea be assumed with a high -degree of .prro-

_bability that the pressures occcurring. .a practice are considerably amalier than
the above mnticnod theorotieal namu: pressure, for the fon.oving rezscmas -

Ty Thabminggaseawes_apoatmtap ‘since the stalls
- are-cpen there. The 2ac.pe of ths pressure at the fromt

© 1is also posaible aince tix ztalla are: larg‘].y open an that

i Smo D N ) 1

- It canmot be asau:ad_ thei the whols stall space is ﬁ.llad
... with @ 32% hydrogen cancsatrstion at the beginning of am

- explosion. This optimuz nixture carn, &t beat, be present
anly in & periphexral sore at the outlet. In the stall ex-
plosicns which have ocourred so far the formsd mixture was
probably very highly aliphatic, wbksrelhy the course of the

. pressure rise is flatter than with an excess of oxygen and ..
_.thccaseinpointiamthora.rapidbmmmgtbnnanalexw

‘plostam. | —

-— R o

. _What order nt magnitude the anao]nte preasure atiil ro-a.ining um assm
ttter thoae cmsiderations are ta.ken can hardly ba ahaun in ﬁguraa Xt was




‘.dotendgg, hoiiior, thrnaniaquiry by our Building Diviaicn diraetedto the

Building Cantractor about ths destruction caused by a stall explosion in De~
cembexr 1930 in Ne 841, that .explosicn pressure in this stall must have am-~
cunted to at lsast 1500 kg as can be calculated from the deformation ef the
stell and the minforoing usad in the stall wa.lls .

!e as well as the Aaaoeiatim of Chemieal Ha.nufacturers, &re ﬁnly of
. the opinian that it is best not to put such rules in writing, because the current
__adaptation of the canstrnction to the ourrent technical- inprmunta 48 thereby -
— made wore diffisult; Furthersmore, there is the -danger of an umnecsssarily hesavy-
' ocaatmcticn thru generalisaticr, which-would bes contrary to the present require-
mte for the oeonan:lca.l use of bnilding space and stall ca:atrncticn ntorh.la

: Sinoe “after the Istter from the Roichamstry of Ecancmics {RNiM)
to the D:letr:!.ct President of Stettin, dated November 27, 1942, the Aasoeiatiar’il
‘of the opinicn that certsin rules sust be made, We propose the adopticn of the
follofing wo condlticns tor thc regula.tim or ata.ll building cawtrnotimo

3~ stalls or-ainpbm&}:mam;f—
aooordingtcth.Buﬂdmngdoviththouauﬂadoty '
faetmo - L. =
Tho eu.cuhtim ot tha atalla for an hnmr static. absoluto
with the usual aarcty Lactors,

e —— o . .

BT o bas Enéam recommendsd byDro ‘Seuer |

’fact that in am sxplosion the stell is under an. abaoluto inner pressure tould

Tl e s s e e

the calculation of the stalls for an absolute inner pmasm'o of 300
be. on that it is possible to design :the stalls
with a wall thickness qf35”cl as it is gen rallycmstruotodinits lower sec-
~ tiam, for an oxplosim pz-um. of 600 xg/n2 with a reinforcing .steel weight of
__this has:lp tho  Upper. part- ottho stalls which is mostly tailt 'ithau}.l thick— #
W

ness of stn—cou'ldﬂun

‘sllowsnces for the usnal safety factors for press
_—meldbroakuthapwossmdabmtlooo'bolmxg/ hamr,anybnt
" nominal effect of tho oxplou:l.m boymd the stall room could bc gvoidcd, as was
thocauinlaun;o' . — :

S We should like to r-oou-md, to drop the “cansideraticn of the reactian.
of a frooly omgﬁ.ng atrcn, mtimod in the lettor of 19 A;:r:l.l 191.3"::«: D:.-.a :

" - In the :uu-gut tabes ar135- msma dimtor,-nsod a.t the ‘present time,
thuwtimiaoaunfhn‘aﬁngat?(nateo mtatoabcntiootmso Of this,




lOOtcnsactnatho coupcnontcftheforoe, prodnoingaxbomalnm m“tho com=
vcrter mtam, o — o

o ' Eonvar, 1t 18 pra.otica.l]i ixpossible to gi.ve a contractor aocmte data. :
cnthoﬁroctimanddiatr&batimofthistomonthcum If we astume for s
:hutanm,thatth.bnnkinthotuhialocatodin‘&boim&toﬁcinityotc S
stall well, the impact of a stream of 100 tons will be distributed over & smaller .-
surface than at a greater distance. If we assume that the break is; for example,
—in-the middle of the stall (that is 4 = from the wall); and that the stream-is——
widened conically to an zssumed angls .30°, the above menticned 100 tons could
) be distributed over a surface of 3.7 m<, which would still represent an exocessive
VT —ioad, ovan—if wo usmvtbtt—thc—cm&m&mkmotiow into statie - -
— pressure -oocurs with a-relstively smsll degree of effectiveness. Qn the other .
__ hand;, 3t must be cmW case of an igniticn of tho strean an increase :
1n cnergy occurs. S

. - I2 the- sta:ua are- ca.lcuhtod a.ccarding to thc forogod.ug ncmendatim,
ccmcz'cte thickness will result such that the wall will stand up without diffi- -
culty, at least in a break of smaller lines up %0 &n ostimated 30 .ym inside - - —
'diameter (orlvmobliqminpa&bmthovﬂlv&thoomapmdinglym o
dimt.cr

!‘hwmdnashgg&teatonthebehﬂi&'otaw{mnth

high -discharge veloc:lty. Dota:ua of this test are éeoorded in Appendlx IIo
{not avaihbh}, ,: e et o

et T e A e —_

<>

- From this, the great mian af-tho cxploatoni:n Stall 15 over tho
aurrounding space can de explained, sven without the sssumption that a~h.rgo_‘ﬁ L
cloud 6f-an-explosive mixture was tommtil it was ign:lted, LT

m oxplan&tim 'culd then be as follows: 'j o -

Uhon the cold gu Bupplle on_the ecmocting_lm_a_f_ran Converter.
I tocmbrtozllmhockod off, hydrogen escaped and was imrediately ignited -
"~ on ths hot line, Dus to ths high dischargs velocity, thzthumtcroodinto o
the surrounding space and distributed among a large vclume thhc-atuesphem, i
accmpaniod by hoavy explosiona, (mcking of the flames in f.est.)_

anmcm‘qmmdmchmoxplmimcmdhng,um
Pont:, by protecting the surrounding operating equirment from flares. In m oo
to guide the explosion in a distinct direotion, ths stall walls would have to bs _
built higher than the connecting limes batween ‘the cmmm col:lgaa
' ccnnooﬁng linsao , )

“ — This eamditian night -also be mby—tm -
___painting_np'-rd_gt about 2/3 the hoight of the mnrtors, ‘thra which high pna-
- mmmcmmwmmd&wddmr,moﬁertowoamcaatrmg




Iattar from Kydriomrka Fa]its A, G of 26 March l9l.3°

‘rha BuildﬁnLDiv}aim has reccgnonded cl’nngea in the present reinrorco_ v
" ed stall comstructicn in Polits, These are indicated in Appendix III and Draw-
ing Sk 3443, {Not available), They will bs dlscussed with Polits at the cariiest

_opportmity. | P LR o

-
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’Z—igfﬁi‘&__?‘i%"ﬁ‘i .5;"? TEATPERAI GRS ’B—EEBP%H}EH:GS IS

= To aati.z:s:.ta toe pesal L.ﬁ pmssures caused by hgdresz@n = <
piosicas in high prassurs stalils cus %o cpsratiag distwberces; tas -
¢ meoddimum nossibis ts:mm nres and pressures besed o the hydrogen scn~
coptratic in a6 Ho-air mivture zve Salenleted {see atischsd Dalgrem
TTTTI). ThEZeS meximum procsures oofi, Af the charber.is. visuslized zz.
£3ily encliosed, 20 thay the btrn:’.ng gases caunch sscape irto_the sur-
rounding. ,e,tac:ﬂphs“ - The corvespanding lezperalure caleulntions Lor -
.@Mtzu st somsiend voiums Lavs Leza mude &% an Andtial teﬁparature
of 3000'. " focnsidering @iesoeiotili, . The. RAXArTE proesude poselbie
under ° r~:° cemditicns _of smcohat over O ﬂ*"‘camte; T3 CoCuRs. wlth &
mixtars of abovt R uydregen camtent § (assuming ihat the mmiire gas
volums vaiformiy muchsa the carizrps temporatmen). 02 ccaraa, e &TD .
dcelddng bBerd with cstetlc. Pregsunes, T wnile the pressurs ai’f. e sansed
- 'm di:actsd sas ztm&:zs SEIDC “he- ,zo“e"ala.y dc..emmeao

N
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U, 8. Bureau of iimes
Hydro. Demog_. Plendt Riv,

THE muzos 01? A ME{OCEE %ﬁII A‘“ EIG& m JG ’G’ELQGITY o'

In order to clarify the quesﬁon, it-a hyd.?ogen flame
. could be extinguished by incressing The ﬁmrging velocity, a
- *short experimenz vas, conduc:;sa- o o o

. . & straisht tube sbout 500 mm iong 22d 5 mam T I.D. was con-
nected to a tank °i-1'~u with hydrogen at 130-e&tm,” Thae tubs.
vas- fastened noxizont ally aboa%~ i20 mm above the geo*m o

- e emerging rydrogen vas igmﬁ;eé wish the valve slightly,
‘open., Subasequent complete open_?sg ef ths valve_had ths
effect of- -czrrying the Piame svay from the moutn of tho tube.
However, it could not _be extinguished, but kept on Lu.rning

- .with a _cracking flsme at a dist:anca*oaﬁmaut_lc_cm - If the
'valve wae throttled the flame returasd to the ...oz.*h ef the tuba

. ‘i‘he m;:im distanco -to vhich the flma GAaY. ba ﬂmied
avay from the cpening, and its z;sse@.d is nrc'bably copendent
upon the shspe-of the nozzle. _Ia th.:.v\vsase no ssypeciaily
shapod nozzie wa.s used. but ohc tu’;_a_ %S—G—&*’ off sqme,, ~

—_——

| April 5 R 1—9%'5' )
| STALL CORSTRUCTION AT POLITZ - - -

o Ve voz..ld wakeo ths. followin:: romarks to the 2 plans for
reinforcing the stell walls sua:zitted tc us, ‘ N

- _———Wh.tle the v.ml‘ szn«faeeswe now stronger, it is essentia,l
" that the. atell supposts IP25 rossin in positioa/ﬁn cage. of -




- :Lf;fu prevented only in thie‘f&y.

- can be used for stiffening them, This measive veinforced comcrets

512b needs only to be ccrrectliy reinforced., - It 1s also osssential
that the well columns be connected sufficiently strong o thig
- horiszontal brace, To- prevont the reimforced concrete slsds from N
ﬁelng forced out of plece in zsevers well deformations, we ra.

‘comnznd that the corners betwesn the well slabs be bevsl ralin-

- forced as shown in attach&d ket ;4#3. It ?msﬁueen—zgpeatedly _
and that a<brsak1ng apar* ‘of -the vaLI EY ar explosiﬁn ,&n hgw_w_ '7-'

Ths" roﬁnd roawreinforceme”t of " 136 kefgj of re¢nfor Sl

LR

“congrete” for the valls sﬁBﬁzasba rorg thsn swple. Hany thin rounds‘i\

of 8-10 ma : oLa Tt shatterac.val S tcgether
: 6;mafé£a7f§e&s. . _

, A.good &nchoring of the voncrete~s labs- uO—ths~sf§§27wall
‘beams is more eusentlizl., As shown in Sketsh 3343, this can be

= dane-hwist_zmnpsAgaldeé;tsgﬁua bea&s and_ax?andingwﬁar,enaugh,,ﬁ:;":j =
' 1nto tha conorete. -

- , It is impertan% tnaﬁ the wus lo tbusture be S0 . reinﬁorced ,
, that—all parts vzll have ;h sawe Tarbor of safety'againat _ e

collapse. S , S S




 HYDHO. DEM(f.: PLANT DIV.

comzc'rxn INF GRKAT ICK ok THE AcDISTILIA'I'IQi INSTALLATION' Ann mmrm%s
'GELSENK IRCHEN=HORST - \.
1939 - 1943
q»x-a.ting yoar 1939/191.0

A-Diﬂtillaticn R

e

-Tnlar 14, 1944

lo %emtima.l Cha.racteristica
An ataosphorio m-bottmed Btill Tor caztinuoua operaticns wRh a

A “tuhﬂar hoator is uged for the separaticmof the—ocatch
= v -~—o4}; A-gasoline_and - hesvy oil. Tho unitisd;_signed fora32to/h liquidphass

catchpots

-

'rhe unit waa doaigped and built by the' ‘Foster-Nheeler- Canpany a.nd cam= -
: Mnos deaades of experience.of this construction firm, which was & picheer in ths .
——"74s1d of distillaticni, The unit cperated with a total heat @xahangs of the &fs;_ff_ R
‘tillate -and residues cooling, and is fully autamatic, The introduction of e 30 &3
-cantainer-in-the crude oll line botween ‘the furnace ‘and"the heat exchanger group.
.was a departure againat othsr inatal]iticns, 'l‘his ccnta.fncr nffers—the follcwing -
advantagoaz o \ . , SRR

a) Heat shocks aanaeihy the variaticns in the ccm'artor output
—~~  and made poticeable in the hsat oxohangers during oooling
were ofrectivaly bufreredo ‘

| b) Va.riations 1n the oaqaosition of orude productmmramoothod L
cut and troudble: romlting Zrom them could: be disoonmd on- time
; .nd mdjedo T ) -

e) Bsguhtor adjustmnts were daxpe@ m&mifom intaka temperatnre
.:lnto t.hc still. ‘was pro&wod, ~

a) The original p:urpoae of the container to catoh the water in the
-~ ~ o4l has not so far besn effectively dwme. Water is vary finely -
Mvidadintheoilandthalengthofatayinthsmnkiain---

7 sufficient {abcut 1nonrf'ao csuse ths separatich, -

Co2, Critioal Cmsidzraticn of the Gait. = | - ;;- :

= ’fhe unit haa 80 far mt the roqnirenenta mde upan it and he.s perfomed
satiafactcrily in making the distillation cuts, No tests of deterioration have so - -
far been dcne. There should possibly be more exchaustive-investigaticn of materisls,
- of piping cwmecticna, and primarily of ihe feed cil, to £ind a. properly registant
msterial which will eliminats in tho future pany of the changes of the tuves. It~
tou.ld .ﬁ:rbher bo adviaablo teo- :tind ways of simplifying the starting emd stopping - - -
or Lhe he 4 ate and of the residues to the Eckardt volume . . - -
masm’ing inatrmnta “The Sicaana rognhtormacl in the unit which are buill amg,
ﬁailinos—ot_ﬂ:c_lurican Fox“ﬁoro ragnla.tora » have so fe.r worked exeanantlyo

e ————




TS

 ___have had frequent difficulitics with cur Eckardi meters for 4ha differsnt produsis,

4 possible improvement which could be mede would canzist in céastriusting & zeflux

. T tespersiure regulator for a delfiniteo required refiuxing amcunt with an arrangexent®
to permit variations of requirements. ' This might have the advantage of permitiing,
8. 8o, & minizmum load « the wmit with increased refivxing proporticn end Iszger -

bottom load which would produce £ botter distillatian cut. Conversely, with & lower

refluxing proporticn 2 greater Joad could be realized. The air-supply-to ths firslx=
____through _concrate dicts &8s reccemended and uszed in pstrciewm refineriss haz nol proven
at all satisfactory. The burnmer crifices beocas foulsd by the abrasicm.of the cacrstc

- walls, and moreover the duct has not besn air tight in spite of having boem over- . ..
__ .  ‘nauled thres times. This reprssents a comsiderable icss of pressure in the air .supply -
' to the firebox. Tke unwieldy Pintsch gas pressure regulators will be-shorily Topigcel;

The maintenance of the large leather gaskets is difficult, They are lealhsr mentranss
stitched of four pieces which lesk frequently end lead to lang repairs, The smaller = —
and-more easily supervised Samson regulators ave recommended. The safoty. features for- -

" the sghutting dowa of the gas Tlames have so far beez found to perforz excellsatiy in- -

~@any cases. The supplemsntary fuel introduced into the burners apd fed with cutsids - .-
. . gas (ccke oven gagjhavc not been found satisfactory. ~ Eearly all the burner tips T
=== -~ have sinteredin the high firebox temparatures and the burner -1iner is almost com- :
B pletely fused in spite of the best grads of refractory brick insulation,  The K.S.B.
 eirculation pumps have worked satisfactorily.  The hot ‘oil pumps hed at first tc Ye

. reground, snd-after a proper packing material for the pipe flanges_ had bzen Zowmd,

the hot oil house, whickh is a headache in mexy installations, ®as kepl—clean. —

It wmzld be desirable to install affer the-wer pure copper gaskels ir gli® - .
the bot parts, such as have been found to perform sxcellently undsr similas operesting. .
conditiong in the patroleus industry. . We have so far -been able to astablizk s single

instalee of corrosian of pump meterial in the wear of the centrifugal runner parss of
: anzk-niddlé;oi.l;ptmp% Lo ' : R R

o — _—

=" .3, Opsratiomal Resultse_ . . - & _

: B R . -

. __The aAI unit was sterted 5/18/1939 with pure tar oil, It.received the
first batch of catchpot bottcms on 8/5/1939, and since them a mixture of tar oil and
coel catchpot product was used in operation, which is “the present feed of the A-unii

. and varies in compositicn. The unit operated until 11/137¥939, when it wes over- .
hauled and replaced by the AII unit. The AI unit was kept in reserve and was stert-
od again 5/1/3940 and the AIX overhsuled, --The AIL was put-again-in operstion am

/1/1940, and since that timo boih units have been cperaisd togotheT, -

>

_TTTE A tobal of 349,677 to coal csichpot boticms & tar oil heve bee distfilad, -

-

e e s

= “Starting with the tar oil representod a éifficmit operstion; sinee-this— E
‘el possesesd no distillatica tailings, 3t itseif teling a distilletien preduct inmten-_ - - -

- @ed for rewcrking In & pipe -stili. - additian particuler difficultiee ®ers pzo= T T
~ @uesd@ by the high naphthaline cocatemts, everything had to be heated and numercus
gteam hoges were provided to- be used at any spot. The fcllowing questicms of disiilia-
tion were atudied: T - i R e

% - -1, The raw product is taken off overhead., It had o e congidarsd .
whether comneotions frcm the temperatures coxmpensators: of the stesm-lines reachsd

___#rom the head-of the cclimp to the condensers, A static test geve an affivmatdve .

~ oesult, This method of operaticm has bteen used £or five days, and then ksplc.--+ = '




~JThs diatillad ‘middle “oil was ccn“cinuously reaovcf in ‘bhs reﬂux containe‘rs ,‘"éﬁa‘ the
distilhte ‘sc_prodused furnishes at the same y time ita mnwwmﬂ
by us were that the paaking mxterials wore zzot 8

(220%}&:& should have permitted lesks, ) B

e othor doubt. conceraed the- cutlat tampera.ture of the cdoling wate" ba- , 1
cause ccmdenaorb .had to use largs cnounts of water to avoid. too high an cotlet ‘tem- .
perature, mwmies of operatimns’ cmed by these two factors hava esused us to

- gi‘ve up this method cf opcratimso o :

T 2. The distillate was taken oﬁ' as a sido a'troax and ainoe tho feod it-
self hn.d the high initial boiling temperature of -over 200° C, and led thersfore to no
-sufficient amounts of lighter ccnstitamnta » opsraticns wore dono with an cutside reo-

_ flux. This cutsids reflux was 80 seleotod that: its sverage vaporisaticn temperature -

_ was at least 80 - 100° lower, than that of the side fracticn to be taker off, or a
middls oil in this case with en average vaporisseticxtemperature of 210 - 220°C,
Crude bensol was used as a reflux with an averagc vaporisation temperature of 95%C,

- ..Tank-car crude_bensol was purchased-frcr. one “of - gur cancerns, and this product puzpe&
. into cur reflux., The unit was slowly raised to maximum produsticn, and after the
_.-necessary hesd-terperature was reached, refiuvx was added to the column. Ths tomper=

-ature of the side streaxm wes cerefully kept ai a constant level and ths entrainment
- of the reflux with ths side stroam was avoided beocmuss of the largs d.i:tfex'encs in
theboiling pointa, 80 that tho reﬂ.nx couldbakep‘tinthemit. , ‘

. ' The smsll amount of diatillaticn ro&idua introduoed rurther du.fficui“u.ae‘ |
It amounted o 15 - 20%, ané hed peoculiar properties, in thet it hed a boiling end

. point of 360°C, .end had thersfore a narrow fraction 325 = 360°, In this-way the av-
' ersge equilibrium vapsrisaticns temperatures of the crude oil a.nd. its residue were
very closo together, and the still had to be oporated very carefully., .Jarge vapor'
- velocities gre produced in the tubes of the furnace with the large amoumts diztilled,
: with some mesnifestation of errosicm, which resulted in some warping. The damage. S e
. was not, however, large, and was irmediately rapaired,, 9000 te tar eﬂ.—wm r&us -
: »,diatilledwiththeproductm of'?lOOtemiédlo oilo : , . ¢

- —_— —— o _ .

- DIS‘I‘ILIATICN @EB.ATIC&S DUR]BG 192,0-191.1‘

) PPe 213-214° o -,;T_..;.;

Qnmticmss ﬂntil llaroh ot thnt ys_g_ﬁumm___l m_wem _continucs
npemticn with an aversage thruput of 80 - 90%, The units A 3-and 4 were put in
im—m—l&rch—}—mdj—rupectively. These two tpits have the sams averagse
thrnput {32 te/h) and tho same regulaticns es 4'1 and A 2, They have essentizl
f—finpﬁf%catima;in %ho-zoed—suppla',—and-m_coolar structures have been altered -

- structurally. The usual difficulties with the regulators had to be covercome wWhen
-putting'd 3 anqd 4 in operatich, and there was additicnal trounbls with thae kiln -
"puzps. - The production at that tims required the. preparation of tar=-free middle oil

in two A installaticns {A 1 and A 2) and for operaticns with a tar ol - middle oii .. ..

mixtures in a third umit (A 1..), with e unit only available for reserve when opcmt— .
ing with two feeds. This rapresents a certein linitation a.ga.inst the cr:..ginal inv :

- rtontians, -which however wm—oam&«hewﬂh& pinont iy changes—Jn-mgleris-




— e e e L R -

thrcogh the use of two | dﬁferent.&middle oils. TheaAlandAZ units were ac-
cepted after a.cceytamce tests cn 7/26 and 7/29/ S , o

rrouble in. Operaties:.

a.) Gomé. cms. .

e A The feed p:.ping te the A unit.s had~to be aliost cmtinuously patohad ana' ,
newy lengths of“pipe put in d:e.ring the course of the year, Indwigahafen -has-found=: ——

ocut thad it was causzed by - dntercarystalline corrosion by ammania vapors present in
the ccal catch pot products. Ter.oil corrosich wa3_ originally suspected (phenocla).
L Tzo phenomencan has ‘however, alsc been -obasrved in the gesoline catch’ pot products,
- . .. "¥aich showed the suspieicn to have been: wrong. To remedy the trounble “the ahcrt ,
— ;,,~,, le&gths of. pines of the return 'bmda bave beep hsated in cur werkahops.
ey Repairs. .. .
) ' _»_,ThsAJ.andiZunite. ~smtdwnm3/10/41a.ftoraln‘dst2yomot
operaticns s and thomughly overhauled, Ko important plugging up of the equipment .
could de found, A ¢areful sxamination of the furances showed that the brick work snd-
the furnaoe tubss were inteot, _The,_ cooclers ware strongly slimed end the heat ox-
- chsngers were equally - strengly slhed The bottans nndameath the faed i.nlet wore
graa.tly fanled. . . _ ST T

- T Tt T L 2

TFew Uastes . o o
2 ‘The starting of the A3anda 4 aits cc@pletes the ccnntmctim atep 30 .
of the A dis%ﬂl‘a.ﬂon. Eo a&ditime.l cmstn.oticn’ is at presont under considera.- .

tica, . L ] T L

- The aircnpplytotha fnrnaecs ia throughanmdergromd ccnmte tmmei
which has been found very unsetisfectory (lesks, erosiocn of concrate) and his beexn
‘replaced at our gosts by & 1200 (meter?) sir duct for all the furnaces. The air .
8supply to each- furnace_ies now weasured;. Whieh pemits B deteminaticna ot the

‘ effi&&ency and heat balanaeao —_— _

i

CRITICAL snnviEx-m_ THE OFERATING YEAR 1940-1941

P 223 : s R

. e 1 A 3 s.n&A_l. have beea emMand sta.rted dnr:!.ng—tho e
. yeam _ Cur previcus expsrience with such installaticms bas not made it q.dviagblo
o make any fundamental cha.ngaa in the inatalhtion.,

- h&—ﬁmo&catch-potmttﬁng-tankrw A
o;:a*ated Eith tar-frae catchpot oils, A1l the tar oil-produced iz sent to the -
tb.:.rd ca.tch pot, nixed and ths cmapandingly h'lghsr-ta.r mixtura 4is worked in
. p , s - gy & Oy x D&Y s ¢ 1 & mits Will .
° heve. tobeused,mdaresemof operaticnwillh&rvsto”benainta.in A small .
.dhzuput resexrve will have tobo kepta~— , o
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A-OISTILL&TI@ GPEREICES DUR]K.‘: 1941-191.2 i

i —gp 2234-239 I -

RN Prceeszs I’h.rcugh the cwph‘bim of cmatrm cn program, four A dis%il]a-
tﬁ.cn unitz were avallsbls, 3 of which were operated with 100%-throughput. The
Zovrth mt “servod aa a resdrve uni%, to permit making the nsoessa.ry averhauling -
and rapa.ira without nterfsring with tho produaucn -

‘ . The middle il cut wWas kspt at 338 = 340"0 - Hptol/l9/42 munitm
v oan & ter-free feod, and the other an & tar-containing catchpot product, de-

- pending on oannectiona at the tank fexm.  Fuel «il was produced for-the first time
in 1/30/42, and its quality was perfect from the beginning. I&tor, me nnit was
mm R fml ! riod&rd"cne—mth—oaoh. T

- changeai.n?ipe I.inel Gmoaimphonminthefudnnenmn&n«d
by—pmmg—sn—ths Tood rsgulators of ths A unitse in Msy 1942 ahead of thoe Bekardt -
- mster; -so that, unlike the former Eckardl installations withk bends which gave es~- .

 peecial rise to lasks, they were placod cuteide the high pressure rango (22 atm)

. ...A_

. Gerroaims Danage to 'cha pipolinc rrca the’ catchpot product requi:md re~
gnlar rgplacenent’ tuice a mahth of ihe pipe lsngths and return bends., Cbsezva- 4
ticns have taught that corresicn was very much more comman-in the high pressure

region ther in the lepngths of pipe bshind ths intake, This result caused the

ehange of location of the intake regulatar, menticned abovo, permitiing other e

- cperating parts, such as the Eckardt meter and T pieces (Gabelstucke) to be locet- -

_ed behind the inteks reguletors Intercrystalline corrcsion phencasns were first
obsorvad in September 1941 in the middle oil-hsat exchanger. No special waterial
mmmm,nommtmmthsmstermuddhm—mmhsatex-

- changers,.
reat oL tha heat oxchengerso I.nckily thia*rmined an :l.aohtod caaeo ' -~

—1 - -' __r—-“—w oL

. I’rou.ble: Bo production,trmzbh was eaused by ths opentim prOper.
They wore a.lmya caused by events aon the mtsido...,..,.o..., S

~

| Bopa.irs: mmoessaryrapairsandmrhuulinghadtohmmm-':
gu.larrotati wowmmsam,wweupMEWWthapm
~eooﬁng—Wa.tor—.;;‘.*a:.. - »

i —

- Pmmtnpdra!mmdnstthogaspmasmreguhtors withtheir
la.rge leaﬁu;er Woooooooo

A - DISTILLATIGH mvsmlcas DURTNG 1942 - 1943,

R ﬁeism-aorst mja/l%s

Geal Gatchpot Pro&net Dismzatim e *

T ‘I‘:r‘ciclv.u:‘ﬁr cn Hetﬁoaﬁi—?m-a miﬁ“m the @crau.ng year,_&
chemtedﬁth—abmtl@%load‘whﬁtﬁeﬁm&hmkoptma e
ST BEOTTO; andw*naad—durin‘g“the overhauling of the other tm-ao units. S TR




three wmits were naed sith tho samo. cn'ude, unlike the" ea.rliar years.
& as alweys added in the third coal catchpot tank, which also-acted :

' ta.nk Tho off-oils, condsnsates -and both wash olls were always added
tank Q, to prcdue@ perfsot s@ttli.ng of water and solid particlas. ‘

g Ho ta.r-freo oil has th..mfore been prodnced during the opemti.ng yearo L

3onm moloilnas neanproducedthisyearo S —;'_,
Witk smail va.riaticm, the middle clls:were cut at 335 - 31.3°G
The gasolm proceas, which mcludod raut&ng 40 refining cporatims ‘by

" way of the coal gasaline tank A into the gasolins catchpctvasglmupin%tcbe’f
© 1942 Lor reoagons which had nothing to do with distillation., From-thet dlme o,
the combined gascline ¢+ middle oll were smt tath&tank Hand. S.ntrochwed into

tho high pmm as sulfurized feed,

t:!ng ccnditicnsa The Ievel of opo:patims canld be mﬁntainsd hi;gh
byabimnialmrh&uling {once in the spring and -cnce in the fall). Ho lsrgs -
smount of trouble has-as yet been met in spite of having the- opsrating wmits
run with 100€ load, The. units_have homsver a rednoced thruput in camiperiscn with.
- thetimes whern first star ty no longer-being capeble of reaching a level of -
_120% of the nominal ocapecity. ¥e must f£ind an explanatich for it in the fw.l_mg
‘of the individual bottoms—of the-column becanse of tbe—depoaitim—‘cfiidie—leﬁ"
partioles, which caused a& pertial olosing up of the silts (Schlitsbodem}: I%
—mas-usual 4n-the past to open the botioms af the columns during ovaﬂmu.,izzg
undemuth the inlet and free them from the accumulations of residual coal and
.01l slime., The above mentiamed pure rust depositions gbove the intake have new

mmcmd,mmngthMrMingmtheMof19%acbﬂng

" ef all tho bottons mt ‘be cu‘r:l.ed oato. — ) L

: : a)o . Co:rms:lma - lesks msedby corrosicns were-this yesr egain tko .
'. cauge of constant roplacing of lenmgihs of mﬁiﬁzg and of.return bends in the common - .
piponnafronthocatchpotatothamitao-haksmebemfmndin.sohted ’ :
“cases in ths middle oil pips lines as well. The more -or lessg periodic appesrance
of these lsaks 1a striking and as yeot unexplained. Ths previcusly tried. TWEESUTOS
) _ Zor the preventicnd corrosicn by tension-free emnealing of the tubes previcus:
- . . -7 to-their tse, has bsen found to be absolutely insufficient, Baginming with Jume - S
T --~~_Ew4_nmmmmmwm@w the 38&»3 L
: -~ _oould be put in cperaticn. Tke prsventive normalised exmealing used ty us alter -
: “—ﬁicuas*fma with lsvna dIffers hovever ccnsiderably from the method used at Ismna,
’ The reasan for it is in the abserics of a carrespondingly long ameamgfmmaceo
What improvemsnts the normslizing snneeling mey producs will have to be judged
-after & longer observation period, The: mstmctimﬁth tubey of the ZZ =awere
-1al has also boen plarmed. Lengths of tubing of this material have in the msen-
time. been delivered, however flanges of the same materizl ‘coudd nok be deliverad ———
. -—byt&!rnypsbemsootdmgebyboxbing—&ttehptstoprwﬁetmI&-*tubeg'fm,h




b)ﬂ k_mﬂ‘-.ﬂﬂﬂﬂ

Repairss MMwswwmfmmmmd_mdinmﬁwlgwdneoftm
- furpace of the. distilla’aioa it J.aa.kedvery froquaatlymd oft@ncaused s.’mr‘:-

I3 —~B I I ] ) - " 'y ha Andee
 far they have been found satisfaetor: bo’bh in mspect to steying
) oporatian aml aarvimbuiw. , '

- - The fnrnace turnsr bad t.o be clsamd in regular rota.tim e m:y er
. weeks, beew—oftha cﬁy—and—elﬂv—&eposits fmd in themﬁcés

Durgg_thes ggofthomofthe.&imittheminthe
Miuﬁmmahmdanmm. The supporting ber for the bottom tubss in-
this zone had to be raised. In addition, majer repairs were necdssiteted in ,
the burners of the different furnaces, beocauss the vaults of the urner muffles-
“were cracked. Thw burnsr muffles were coated with a stamped mass develcped - - -
hore._ Tho mtorinl and tho uthod have _been found very aatisfactcry L

"*&W mw m—hm--—m of tm have heen repm with
mrsmthswrtialhwanehaffhowator 1ine mthe ac:taidn of the pump
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= ~€Nowa—4hia_x #t is 80 hard to read that some of the’ data oontad.ned in th..s SENRES
‘ translation ars b_“id_on—asﬁmtes uad/o’—interpolations)

—_ -

A. Calculat.ion of an exchanger,,

—

- For d:!nanuions see Sketch 1, for assumd values of. t.he product sece Tao 1.

. %:‘-"__r_ABLEJ. -

Proasnre S

Tnlgt,_tenpemfnra
Outlet temperatum B

Ave speciﬁ.c heat at inlet _ - ;kcai/ki/"é L=
 Ave apecif.io hea.t at outlet kcal/kg/°c -

Avo coe.ttid.ent of heat

e .

standard =3 based on 0°C snd 760 mm mercury. -

*—t)—Cﬁcuhtion—fmthe—heat—eeatmr——ﬁ S

T —_——

= _ 4he actusl coeffictent of themal conductivity is-dswived fro ived from the . .
: m‘st—cmtent—of—both of the gases and tho =San temperatnre differen-e betsee,en th@
two' gas streama—accm'd.‘mg—to—eqmtftoms : S IR,




—_—— Sa

: "f“”d“it e.x c‘pa" eqnals_we.te' el - valne cf the tiso gs.sea 5 ;‘**
'l'ha reasu..ts of ca.lmxla:hims are. gﬁren 1n table 2a

- ————

m ¢ ;Lg_és_s“? o

 Beat oonternt &% inlet -~ - ) , %Wﬂ&—m— Vf._
| _Heat content at owblet, -~ keal/h N 2,626,000 3,200,000

(Host exchenged, &g 00 . kealh . 1,571,000

[RPRSS—

Heat sbearbed, Qg .o keal T 1,536,000

Beat lOés frca tha heat ccntemts, -

Eeant mtumdifference e
sty . o T

nt of theraal

B cmdmstivity, k

h the meost fa.vmble case’ '&h-crhcat."'\ T




T - ¢

x 100 = P, efficiency of cocling

e ‘fha eoeﬁicisnt of%mcﬁmr{!:mdwchgangsam)
calenlaked with sufficient accuracy from the laws of beat transpisgion. (Iﬁn‘,‘_ﬁ T
bergengss). Ifzy anda, are the coefflicients ‘of heat tranafer (W '

galién) o the inside and the cutsids, respectivoly, of the_bundle tubes,

the coefficient of thermal ccnductivity: (Warmedurchgangasghl) per_mning

o :é tube, and k the cceffisient of thermal conductivity G&d
ST 8 mrage ‘uhe surfaee, then

e

: 3005 s ecozwsdxTx "6;79 _—
ax & , aé A BGOOxw.zdx‘x_cp,f L
T (---x -) i 573‘_1?“(?)1 P G - e e, -

!\

L /,
= Gxog)
Az S 0, '

- °,°“é e

o . EBi%x roference to the extem.l coefficient of heat transfer (llamubergangs-
zahl) it s pomissihle to places  —

0.‘ Qq - : | R SR

: g azfﬁ tm !arg —raf’ (+] 'jn dj amrs—'d Ii A . urc-t abas ;— viayd

atsa calmtlm of tbo hoathchanged S g proporhh mde by the use. of k.,s
. i ‘-; l e ) 1 » St 1 T - —~ 1 U

i
z d 2 3 Steecl

F'*ca th.is thc tom @xchsnged hea.t %ﬁjmﬂs




TB0

e ﬁhsms eqx.m.s_i',he mmbezr- of tubssz—u—ehe—e“eeviva—iéngth—oé‘—tab&,—t S—tgév
) neen tempsz'ature of the insids m cutaide, rzsme‘civelys _of _ths flcax 8 gas98.

, Homoveyr if the ..c:efficiont of s.heme.l cmductivi vy (Ear._;e&z:ehgangsse_hl)
is ba.sed @ & ¥ pean surfece, thems  ~ - -

_,In the preneding emple t’aa_zellming mlm amdeterained.—‘ < — -

(2925 50 = o.,ééz} 0™ 2 6. 169“"21 E

6‘9°

-
=

1 1

Coee o { + coes cren o - z h . =-== + l‘.-o-.-m--v“.w} ;
- 1,100 x ooouj | ozao 1% 0 1,100 x 0.023 |

=

=

¥
e = 151z 609 z as,,4> 48 5 1,433,wo kca.l/h

The de'v'iatim .from the nsasnred he&.t exche.ngo Qi 3.8 accordingly
Q-_;_ Qw 195?1,000 - 1,433,000 - 138,000 kcal/n = 8 8% o

The cmfficiem_at_theml ccndu»tivity (Ramdurchgangﬁ"ahl), basea K- S
~the man hea.t exc.hange suxrfacs iss 5 e

. °4 s

S 2 A kc&l/h—mf
: B 00185 T
and the exchanged hesat" tharafom :IB

Qs S 6060:457::485 = l,433,000kca1/h

~
o

bl —

as pec e:;mtzm A0 I

@ma c:n.lgg‘gt;m g 2. gggt ezcmge & -




- pises.

T

‘EL-;G mber of yubas ,,,43. é.a‘%cminea by he actaa.l ge.s volums VE SCAP
- practz.c&lly apsumed gas velocity {wnpo If, fér sxzsmple, Vg and Fp are bascd-o
T 0% and 760 mm mercury (Vg S RS/, end 1 wo tentativoly asse o -T:e A Y, so

that ’cho b= 57343 te!x;mratm é‘:r°p (A tlm & 30 = 6COC, them e
v ‘ 2 xe. )
1,033 273 * z’

~

== v° X eecsee =

-

How thks cmﬂicmt of Bost teansfer {‘Eamuube.. gamgas ,m 4 ezn be calenl

£rom- equatzms 6@.) ar 6), _:Lao kz, (acna.tim g)y). «m&fthe cvcne:ageu. Lised | R

1\\ .

E 5‘%“33““ x*u;}

Bow we va.ry teznperaturss ts and ¢, and repem, thé cilenlatica m.:._._Qw azd @i
“agres with each . othor closely enc zh. ( 2 rocalcvixbicm of k. noed not ts mqe)a

- =

eacugh to the atarting tezperatures {5 end e cther mé’dim* the:b_is if
the heat exchange has not goe: .far—@ngugh , heat axcha.ngemm’aee gust bs
increased. .~ {Cantrarily; -1f-the heat exc..an@,@ su:fave bz -beex ce.lcule.ued tco
groat, e snaller heat axchange w11l smu.ceo) _

-

pe

~

. 10) Thz foregoing empls mfers ‘t.o & hesab e@ch&gger Tor 5&3330.
the calculaticn of the ccefficient of heal transfor (Sarmeubergangszahl) A
“the "Ruesel"’” squatice (equation 6)) was used., This may also be wriiiens f‘

N N

1e the f:‘.nalJJ detoreined end tempsraturss ‘?e nd e, ave not closc .

e d005
R _ﬁ'ﬂeoo%z ("Z’}

e

is the Peclet mmber.




'éyna:aic viscoslty kg se.c/m |

73}600 1z g ZX,‘_,ap

- -_‘ls.theﬂ Prandtl number, then also.
N a 0,05 o )

0,036 = (“’.'«3 . x Be 0T _g;prpo;'l‘l
) - L ” . .

Tho Fusselt aqu:atien, ml:i.d for Eo 710,000, distmcu,v turbulmt fiow,

T ~
2. _ %cre e.ecnra.te“ and a..so v2lid for liquids in tnrbu.lent rlow, iam

e, Krausgolé@quauca *
, d) 0.054 - 0030

L Ee = 06032 % {===) &e°°8 Pr

rrvi:cra 2o hzat is tre.nsfemd Prom the liquid to the wall,

4 0..054 B —
and - Ezr. 09032 x- (-~-3 T Ba Pr°°: '
L

.v:heWe hem‘; is transferred from the az.ll to the anide :
3.} If the external ccefficient of heat transfer (!a.rmeuborgangssahl;
~-- of & baffle plate Heat exchanger is to be calculated, for oxanpla, with gas &
the -cutside-and Iiguid on the ingide,. it must bs ecnaidemd that, first, there.
. is no pure oross stresn on the ocutmide and, secand ;- that the external heat: tra.na- ;
. fer surface cannot bo f'ully utilized because of tha eddg' currents’ at tho bafflo :
“-pla‘b@s. .

: , 4. )7 The emprassibd.lity of the za.aas u not tnkon 1nto cmaﬁ.domtim
“in these calculations for practical purpcses; their infiuencs; even at high 3
preasure, amcunts to mly 8 rew per cant.

SR 5.) The pressure lossos (in gms) have, in goneral; no izpertmt
m—&mmaﬁomd in accurat-e caloulations. -

i 6,) -The heat-loes to-the : anrrcundzngs, whiclrin mfonsoing empla
Cieee » - Ap dnddcated frow- the heat balancs (Table 2) as Qy = 35000 kcal/h, ccn be Bore
, aec.zre.tely Selouloted froam surfaces and eir tenpemtm'as , that is, dirmnsions and
= ~-‘*cwﬂmﬁmmmmtm—m—fmgomg aXampls ‘cm.s
: ea:cm’eien gives 36,w0 kcal/h thich"praoticd.ly corresponda to the tabular™ )
7 » % ———

7 ca:rthm =




et

. Dra.of Tubes = /61/147mm.
- Effective Len jth of Tubes
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- YORTHLY OPEPATING SHEET - "A" stwnmmox

— - Gelserberg Benzine A.G, - I — Distillation | . . _JU® . .. o -
Opsration Control B B e 1 19“0 s

-,

Deai ttom Distillation Ay | Distillation Tt

| Spioravity| Tof =5 sp.or. | %o

goga Qatchpot o L 1 0.9750 115 703 . Lgno 111 745
Befinw 1 S T A -

—

' Thronﬂhmt ‘ : , T ~ : - T
202 Ure _g._n& 425 0. 7215
"A" Middle 04t - S ‘ E 1.

it xeam 011 - '05 ' _ ' e T 6580 S

Loss 5“2 11/0 515
Total

Tiauor 92T
- Widdie Gil . «}-—Gaaolinv Yieldﬁr :

011 Tnlet| 0il Outlet |
Clatm. 1% - -

.2 | 319

: »28.#— :

' . Upper Heating Velue 3,24 -
Imn :“noatingf‘valner B 3,000
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. Leuna, Hay 24, 1937

NEASURING THE VISCOSITI OF PASTING OIi, HOLD AND COAL
PASTE FqCi SCHOLVEN AND WA HYDROG;NATIGiI AQRKS

‘- Tren judging the ?c._lcwﬁ.ng determinations cne must bear in mind
that cosl pasie has no trus fluidity but appearz “pasty” at low temperaturses. :
Wie may therefors not speak of a trus “dynamic viscosifiy” and may only date.ma_j e
8the behavior ¢f cozl paste when applying.any measurements for viscesit.y 8 @t
‘defirite temperzture obtaining velues similar to those for pursly viscous
fluids of known viscosities. The values obtainad mt,-...t. be considered’ e.a !:»r:s...::b
easert;&:.;y purely relatlivs.” ) . -

The mea.m.ranents were made with a viscosimeter dsval@ped by the  —— .
Lsuna. control laboratory which was especially adapted for measurement of licuids
of high soclids content. A diek rotated at about 40 rr= was immersed in the _
S Iiquid measured. A vertica.lly arranged eylindrical body dipped into the rotat~
o ineg liquid and the moment of rotation exerted upor the cylindrical body by the
- ————potating -liquid was determined by electric compensation. The apparatus ie
' standardized by using a liguid of knowmn viscosity. Unfortunately the mo mﬁ
- viscous mvailabla standerd viscosity has a viscosity of only 0.1 kg sec/E" o .
) %st_mwﬁ to the viscosiAy
up to this value and the apparatus was standardized 4in units of rolsation mom—
-ent under the assumption $hat ths viscosity and momeat of rotation remainad -
- 1inear, The standardization curve was extrapolated to eight times ‘greater
 valune, MHeasurements of viscosity of pasting oil and HOID (figures 1l and 2}
- could be performed ir tha usuel way. The samples were heated to some defiri"e
maximur temperaturs and the viscosity was determinec on cooling at definite
tem:eratu Tess ~The HOLD sample cc'rtained about 28.5 psr cezz“ of‘eola.da.

. The measurements cf ‘éoal paste exhibited fundaaenta:'_ differen =2
between the soft coal paste and brown ccal paste, The curve in ﬁgtzre Neo 3
wes obteined by first heating like samples of soft coal paste and browi coal
paste to 110° and dstermining thsir viacosity, then hesting to 160° a2nd raasur-

ing the viscosiiy sgain auring ‘cocoling, Such & , stepwise heating was dont bo-~ T
cause it was known from prazviocus determinations that the volatilizstion ¢ scme
-constituents caused a changs in tho viscosity. The surprising result wa: now

. Zound that with the Lsuna brown cozl paste both curves combined intc a s: coth

curve without a breask, while the zozl pasta of Scholven was changed very stroeng-

1y towards highep v:.svoss.ty values, A%t temperaturss of 150° a change al =ady

took plece in the soft coal paste, prcoably caused by the swelling of th cosl;

a8 could be verified by the change in the volume of the pasts. Al Schol zrfe
request--1 per cent ammomium chloride was added $o-the soft c6al paste an . the
curvs No. 3 shcws that this resulte in a new ‘increase in x-iseoaitye : o

Tnis obange i.n %ha 80.-:':. co;impéiste durs".r;; Nating and mwmo




-2 -

to & “zigh tanperatm r.ri'th 883 heat dz.ring 1l - 3.5 hours, The chsr&cterisﬁe;

curvee wers then cbiained as shown in figures 4 and 5,. The-brown coal paste

(3.5 per cent solids) invdriably shcwed 2 lowsr vis coaity 5%t higher temper-
atures and but -2 slight difference is cbtained during” cool.lng and heating, while
wizh the soft coal pasie a cevtain minimum was reachod upon which the viscosity
ress. Near the inversion point 4he swmaelliing of coal must already havs happened,
Unfortunately aYl the soft coal paste had been used up during determination of

- twis point end. the mexdmum temperature ‘below which thers was no change in the

scfe coal paste, that is no Vc-!'iat on bet.weezr the ‘heating curve and the cooling
curvs, could not be determinéd. Measarements could only be made to 200° bo- . -

rcazz2s near this temperature the vapors evolved would be ignited by the gas flams/

us2d in heating the paste, and morsover the-hest deve.:.opsd by the gas flame was
dengezrous for the mechanism of the apporatusg ‘“To test whether the rise 4in vis-—

- cosity was p"imarily due %o the swelling of the cosal or to the volatilizatiOﬁ :

of the volatile oils, i¥r. Schappert has suggested the dstermination ©

501ids in the heated oil. When bengol was used as the solvent the pencentago
of solids before heating wes 49.3%, after heating 51.3%, with-pyridine as the
zolvents before heating\“b,.k 5% aolids » after heating h8.5% solidsc '

(‘I’:JO PARA@APHS MMY ILL:‘BIBLE)

Te may sumriza a.s follows:

———— T

"During heating ol paste o&l and HOLD the viscoaity changes normnlly

ﬁiﬁh the tempsrature. With the-cosl paste, probably as a result of mlling
~an inversion noint is reached at an elevated temperatmo

(f‘ae rest of the eumax'y is illogibloo)
..;fa/ ‘Wels

Stemberymc/pkl ”
8-?-19&6- —
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BEDUGIBG THE LOAD ORF THE LIQUID PHASE PREZEATERS

suMmARY - .- e |
. B . . ‘ ”~‘ N - . N - ‘
‘ "“-ne—ﬂm?1ﬁmr gas vreneztér offtﬁkfsoft coal units are ndsiiy equipped
with W10 hairpins. The following measures were suggested tc increase thelr
- ¥ife and the safety. of operation and wkile simultangously producing'an Eppre-—
ciatle saving 1r fuel gas: - ) - .- ' o

i - —

1° The introduction o¢ a fiffﬁ_converter Lor=e$ch-fou*—converter G%a*l
in which the peak temperature of the preheater is reached.

2. The construction of e gas heat exchanger to utilize more comnletexy
the hsat still remaining in the. d;stillation mixture° i ot

o 3. zTEEiéoid'pg§§e method. >.:~ i._A : o : —_;’,,_

L. A few other measures the effects of which however are of less im-
portance, : T -

There is naturally also 8 groat redaction in.loazd when & uni ig
changed from gas heat exchange to peste heat exchange, for instance in heat
exchanging tke tnin paate2 which was doane successfullyo T - .

Chemical improvements have also been snggested 1n narticular such which
‘were aimed at reducticn in the -ncrustation : :

_A, AHea~_ccn3ervatio planab- L o o .  ' L

Tadle l,sn0ws the condi-ions ex1sting in the liquid phase at the-¢1ai-
. vidual works dur;ng the’ rise in tempenauure, : -

Denending on the kind of heat exchange we may disti ngu;shvbetweoa.‘cur

T grouvs: . The heat transfer in the heat exchangers rises from 35’ver cent in
- __the- group I {gas heat exchange. in Gelsenberg) %o 84 ver cent in the groun IV
(Leuna) vhere in addition to the uotal heat exchange uhe*e *s also a heat

- _ . o B -}

In Blqupgmmer where, the same- as in Dolitz, Gpe thin pa ste heat ex-
_chenge has been foreseen, this percentege amounts fo 52 per cent -and with
the very high thru-put of 70 te/h necessitates the supply of 1k,000,000
kcal/h with a 70 pexr cent ficienc; of the nreheater, Thisg amount of hea?
Tepresents thée heat of combusz*on of 1.5 te of oil), with the heat ofifhe

Teaction of 12,000,000 kcal/h of the same order of magnitude (HU0 kg/l kg
of the ut11¢zed pure coal). - o

mhe a*¢ 1cultie8 “et wi h the ‘N10 material have mede it n€cessary o
16ver -the wall temperatures of the hairpins.~ Under new conditions, the
'hottost ha‘rpin of uhe coal preheater = ?OO atn, has a wai’ temperature

- the inéide
the out 3“ de




However in’ BleEEhammer xhese temperatures are about ‘400 higher because
of the required circulation gas inlet temperature of 600° even with the new
prekeaters, and there is therefore practically no safety margin against the
Trecently established temperature l1imit for the’ NlD naterial of 5200 maximum
-ingide temperacure,

. With the thickness of incrustation of aoout 10 mm 4q~_he hot wari of
,3ﬁ£*Dreheaters at Gelsenber: and.Po’itz, the wall temperatures ris# about
30 ~--500 above those 0% the unincrusted state;‘*These ‘values-have been:

- found with the»use of thermocouples.and agree. fairly well with the compu—
tations, on the assumption of heat conductivity of the crust 1. -5 kg{OC

m, no'-, N - P - — — e L mEE . _ -~ e ——— -

Ag far as the reserves oL s nreheater are ccncernea—the temuerathre
Aimit of 5200 ieg not yet reached, and the ecirculation gas tempersture may
correspondingly bde raiged with these 1ncruetationsD whilp natarally taking
into consideration the blower temperaturp B o ) R

o Gelsenberg hag in addition greatly reduced the intake temperature in
‘econverter I, namely from 425 to 390° which has resulted in & great redvc-'
tion in the load of the preheater in that wey. Only after exhausiing
these means will thru-put have to be. reduceds however computations of
econony show that shutting down the s~all and clean.ng the nreheater are
_ Imore expedient , .

T It is first of all—urgpntly necessaryfuo brifg aoont a'rpduction In
-the load of the preheater, particulariy the Blechhammer nreheaters. The
‘following means were found best to achieve this purpose, and will be
' explarned numericalrj on the example of the Blechhammer preneater:

The heat exchanger pzoduction is inc*eased

' . ‘ro By building a zas heat exchanger one mangnen nreheax tha
- inlet gas to 2009 which will eliminate gas hairpins., The gein in hests
-3.000,000 cal/h or 150,000 mc:il/yr and stall, so that the add..ticna}.

heat exchanger would be amortized *n less than cne year,

2. Increase in the, concentration of thin and thick paste wﬁ*ch
wi’l reduce the amount of thick paste f£6F the: same. cold thru-put. Dr.
__Wiassel believes, on the strength of the P11tz experience, that the thnin _
 paste phould contmin 4T peF Gent sclids while the thick vaste could be
Operated with 53 per cent concentration without any difficur 1es°“

3 It should be attemo ed Yo aevelop heat ex changers for the
700 ata, BOLD as has been done for Years in Leuna for 200 aim,, where
some_of the intake pgoses wers freet exchanged with the HOLD tg jaCkﬁtﬁﬁ“COiiS;*"f—J’
The HOLT heat exchanger, in particular peste against KOLD (Josenhans sugses— o —
tion) has not yet been technicslly perfected and the hmsat of distil .az‘on T
a8 mixture should be utilized as muen /s nossiblec'

- The SaturétedhsteamWCOOIerealready provideéd in Blechhemmer for the ___.

cooling of the HOLD Is an evasion 6¥ problem not yet solved techmnicelly.
 Such a cooler genera'es 3,000,000 kcal/h of steam, which actually increages
the eff;ciency of the Blechhammer preheeter from 52 per cert %o 68 per.cent.’

"




11 A fifxn cOnverter is added to the siall. It hes been- found withk
the Gelsenberg stalls, that the outlei temperature of the preheater, ori-
ginally kept at 425°C, could te lowered to 390° without “ext:nguieh’ng“
‘the reaction: ' In thet way ' the return flow formed inside the converter
will raise the temperature st the end of the converter by about ¥00
-which will extraordinarily hasten the reaching of the reaction tempara-
ture. ‘It has thus been shown iz Gelsenberg and. P811tz that with the

. total heat-of reaction of about 50 — 60 per cent 3,00G.000 keal/h will:
‘be set free in the first converter. Hovever for safe&y:reasons he
intake converter temperature was kept at 4000 instead of 390°. The re-
"duction of the heak jemperature in the preheater from 425 to 400° will
._mean consideradble reduction of load. With the. same numbdber of halrpins
the circulat-oa gas intakxe temperature nay be‘reducpd in the Blechnammer-».
with a corresponding lownr;ng of the tube wall

temperatureaa : o ) STl I .

‘ The fifth converter will represent a. gain a’sod when c01s*d9red meraly
from & heat economy auandpointc_ o LT -

.l,A In Gelsenberg (gas heat exchangejn

et

_. The smaller amount of cola gas necessitated by the lower converter
intake temberature has herdly eny aciion upon the gas heat exchanger, and -
the amount of hest ¢ corresponding. to 25° of tenpera*ure di”ferenos vixl bz
,considared ag & net gaiﬁs ) -

-~

¥ith 35 te/b of paete and

36;600ﬁ5375_5?wgasJintake and

70% heat exchangsr efficienéyo_thére will be

&j3QQQJumlﬁxoflmaiq;ﬁmedré,_ﬁ;ﬁ:fAMWH N_T__;_ S

20+ In Blechhammer and Politv (thin  aste heat exchanger)

In this case fhe cold Zae is absont and the heav _exchanger nroducticp N
is ;1%ghtly iower, 8¢ that the heat correspond_ng to a temperature differ-
snce of 25° would be only 80 per cent. .Tae heat gain for Blechhamme“ wi ok
its high thru-put will be “9600 ooo kcul/h :

-L._.“‘ .

On* ccnc;usions aro ‘basesd on the Gelseﬁberg aroduction fox gaso&inea—
middle oil while the conditlons at Blechhammer with--ths high thru-put and-
with ths producticn of gesoline 4+ fuel ocil may be somewhat different. :

113, -Cold pasts rmethod. Te e S

One part of the peste is not passed through the preheater but
entered di'ectly into-the reaction epace, andé thia cold basté is elso :
de the conver ter. This cold
- Haste procese ves firsn tried out in Scholven and has been foumd very- so2%-
' isfactory in Gelsenberg Tor over one  year, The fears fcrmerly entex rtained
that o0 ;apidAawriaerease~%p~%eapere$afe—o?“' “T‘ae%e—voa%é~be~harmfui

s have not been cOHfir”eﬁ in Gelsenbezgm, 1% msy however- bennoticed that &




" -small increase in the excess of heavy oil (aspha.ts) has been’ observed

' No experience is yet availsble for the fuel- ot process; where the in-
crease in the asphalt 19 De-expected will-affect the amount of the residus
utilization. The coal paste may alsc be slightly preheated, say to 200°;

- which will increase the amount tc be used in operations., Operationally -
this method offerg no difficulties because with. lézgex,thru—butsna suo-'
divieion of the paste injection is anyvay necessary°

* —_

The reduced amocUnt of Gold gas will produce a co*reénon&f——_gggigé'
in power of the ci’culetion gas nump as well as in cooli 24 wat in the
“&ixture coole‘sop" , = : B e

RSN :é_*; ) - . R .'.,.«. :

_In E;gure 1 is given & scheme of the presenv cond‘tzone"ffp*er piles
ture) of the scheme. as compared with the intended improvem,n 8 (louer
p;ctu*e) The *igures in_eclrcles refer: to the 1ndividua1 measurpsu

gure ‘2 ghows the co:zgggpnding tempe*ature diggram, - - The circulaticn
. gas temperature may therefore De strongly lowered =nd yet one msy save lO
i_hai:p‘ns, Should the fulil number of saairping be nla
“ and the possible saving disregarded, the circulation gas temperatnre and
' ‘the temperatura of the hairpins will be found-much reduced. . The reduction
in the-heat requirements by 7,000,000 keal/h (with 70 per cont ef Ficiency)
18 worthy of*ncticev ths resistance of the stall is also *educad by re- —
_ducing uhe number- OA “airpina, S :

e

An ex&ct investiga*ion will be carried out jo;ntly with Elechhammer
ip Whlch the- meuhod guggestea may be rea**zed T - LT

— =

Ee,alcu*ation haz shown -hat ‘n—th _course of sonte 15 nronths of B
operation in Gelsenberg, P81itz and Blechhammer about 20 convertar ghelle ——
had to be obtained. At present a delivery plan is Being developed., Kor
does the delivery of the liners offer. any difficult 1e34_and Qng“malﬁeven'_“

. consider to.disregard the use of special steeis and use temnorarily the
- .82 materza‘ as has already been done in Leunu and Welheim,

B, Chemical measures

*“,._Later on. chexical ﬂeasuree “have ceen discussed which have been 1ntro-
duced gince operations staried and were intende& to prevenz the fo’m?t‘or

of the” crust°v~_'" : .Ae‘w@ C o ; - : s >——-_;:

In-thé- ecrmposition of the Gelsenberp crust ’see Table 27 3 he—gg-ucinal
_constituent is FeS with gmall amounss of W; Mo, ¥ and CF, which are produced .. .
f:om the nat°"131 of the »ubee;fénd the amounts of which: become less a%
—These metals ars pregenxe in much
sms*‘er amounts in tae PglitzqcrustO‘ The inner tube wall uas found in
Gelgenberg io be strongLy attacked and britile to a depth of § to I mm. &
"dxffusion in the solid phase may possibly also have taken pl ace. The con-
stituents T34 A, Ca and C"-wnich nave been introduced by  the coul eT the-
catalyst, increaded in amcunt-in 2side the crust from the outside in. Occasiun i
ally the Fes T1 nroportion ia the crust is in the Pes;-Ti ratic-of tkhe- conl ash -
‘and the catalyst . whiéh mey bpe 2 starting point fér ded@csions on wnigh of
‘thcse<eubst8nces 8re~§rimarily responsibie forthe formation of the crust.




The Fe catalysts anpear to play the principal role there. ‘Daring coal
hydrogenation at 300 atm, with Znox {(2) and chlorine such crusts heve sc
far not been observed or else were arcund 1 mm thick in the crust. Neither
Leuna nor-Yesseling (basic" iron and Bayer mass) have so far observed such
depositions. On the other hrnd Ludwigshefen has observed formation of FeS - .
‘erust even when FeSOL alone was used. (extraction test) s s

Iz mav be 4ha ‘lronD in par ticular FeSan or the Jjoint actior of FeSQOy,
.and EaZS“ are the principsal reasons for the preheater inerustation, One
may consider changling the way the catelyst -1s added,. by testing, oa the one

:*nmhandw the addition of cata;vsts.to the coal, and on the other: hanu the &d-’

!

:dition of‘the catalyﬁf% only -behind the nreheatpr“tn the converter intake.
Pglitz is going to test the advisability“bf addiﬁg’ﬁaas or the iron catalyst C
directly into the coaverter.  The chemical effects of wmch measures cannot be =
foreseen. Another means would be the use say of Pe - Grude: as a sudbatitute
vfor the-present caxa;yst- Ludwigshafén'is performing tests to answer ahese
questions.;-ﬁ’:;—~ e R T T = :

—_—

Other—means- to—reduce the load on the preheabor would te to re&uce the T
- amount of gas 1n the preLeater For instance Ludwigshafen has reduced the
amount of gas during the extraction tests to O 55 m?[kg of;past.e° Iy ro—

- ing’ the onerat;oﬁs in the- converter and the~p“ogress of the’ reection, as
vell as whether scme of thHe gas msy be introduced behind the nreheater, and

.. how much of 1t., Wesseling reports on the'effect of reducing the amournt’ of

Zas on ralsing the stall temperalure. Raducirg the amount of gas at the }
ﬁk§ame»EOLD-temperature results in  lowering the. qpality of the distilla t¢03@,.

Lowe“ing the-exeheazer 1nlet—tewperaturo would be possible t* more
reactive substances, ‘such as SO,, could be introduced into the first con-
verter. 1 kg 502 produces 820 heat units and coasumes 1.1 n3 of hydrogen,

_.and_could only;be_naen_fgx_zaising_;heﬁpeakﬁhean?_yizhaa&_at tneramo tAma

makine use of the catalytiv action of the hydrcgen sulfide fornzd

Lowering tde pressure as means of reduc;ng the ioad on the prehezters
‘would *ezult in disadvantages from a chemicel stendpoint. - Reducing the
11 increase the asphalt. content by about=I ver cent.
& greater amount of washing (to matntain the hydrogen partial p*essare)
wouid result in greate* hydrogen losses° .

——

The present pressures ares .

, , The pressure side of
e n VLA,.ﬁ,»T” . _glrculzstion pump

G’e}. Senberg : c T 700 at-ﬁlo
politz 650 1 S
) %lhei‘: - - : i ’ - ?00 -5‘, e {.‘ .

G, Mater* 75; S e =
= Two- accidents in the aelsenberg?hydrogena‘ion plant where hairninz—c‘
mlO materiel have burst after two- years. of~cp~erat..cn° have created fears




regarding the onerational safeﬁy of theee hnirpin preheatersn
: Damage—to Ni0 parts has been . repeathly observed 1nfthenpast~xears°
but could so far always be explained by structural-defects, the commosition
‘of the materisl or the strength aeffected by annealing. The new,gases aif-
fer 'from the former in that such faults have not been fourd, One_should -
rather state that the original good qpalities-have-pfaéually deteriorated
in the course of operations. In other words the material has noil stood
upr under the strains of the operation. Operations evidently were not
carried out with the usually employed safety factors. Tests heve zhown
that the. material -vas not desiroyed, merely changed,” and that these .
 changes could be rectified again by & subsequent annealing. One hds =
dealt here presumably with segregations at-the grsin boundaries under .
the combined influerce of high temveratures, high pressures.and ¢f com-
preseed ‘hydrogen. VYhen fi inglly the tensile strength and the resistance
to creep "strength of the grain boundary substance has dropped bélow a
‘certain value, the wakl dursts in one brittle break; a fraction of a
mm ogfﬁgg_gggg;_ighgzs_can~ed the separation of the grain tnrough the}

" plece in a notched bar effect. In .certain paris of the tubes at the ~

hignest berperatu*es uhis zone is hardaned by the abso*vtion of nitro-~
geno o , .

pa

been of Optimum qual‘ty and that one wmust therefor° cons;der the *mmn-
‘diate possibilitf cf the bursting of other %ubes. It may well “be “that )
the otheéer tubes would show rmrich longer 1ife. - Fro the available Tesulis
of investtgaxibn °f test uubesp small differences in %he temperature and
pressure resuits in & coasiderable difference in life; reducing the.tem-.
perature by 10° end the nregsure by 10 per: cent nearly decubles their 1ife,
Even if the situation with regpect to safety of operations appears danger-
ous; it is not cataestrophic. We rmuat create the necessary safety reserves,

Thisg is possible to & certain extent by changing conditions of“ovvrattoq*—~

but alss by changing the materiai.  We may count on that, when the temper—
ature of the inner wall does not exceed 520%, and the tubes have been -
aaneeled to the upper hardness values (about 260 -,300—3r4n311) their i _
‘Yife would be increased to.a sufficient extent. Tubes which have alresdy
suffered through the effects of operati cn may be restcred by a new :
"annealing. A regular removael of any crusts formed for the first time
after about one year of Operatiors) will avoid the nrOuuct‘on of unsa£e~f

- high temperatures.

A ghange of the composition of the materisl which wourld. make 1% less.
sensitive to the effects of long time of operaticns by increasing the | -
hydrogen-tide resiatance agawns$~the resisuancewtc_creep_stréngth *s 8¢

a 1owe“ calculated safeuy facto;;« uigh a¢loyea augten+1*c cbrom*um o
manganese cor chrome-~vanad ium steels would presumanly produce & verfecv
resistence, dut cannot bg used wi»h uhe preeent Tay nager* 3 sitLptiouo,ww
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' 'T:r;s"mc C* ?aA"’ERIa.LS \snmz,,

- By DrT.C Kuntecher'

s s_{az__?&e;?

1. Attacs by Eyd*ogen°

I3 manii Vstea bv rumercus £ine. cracka Mster1a5 partially dee.‘oy @l, ‘
Mechaniam. F? diffusges into the gteel and re&cts wiuh the carb;dem (hec rha=i~
‘zetion): , .-

""Pe carbdbids '-.- B5=> CH, © Fe

. -...To overcoms i%: alloying with Cr, which wag the cause of develcnment of C*
steels. 2.5% Cr must be present to make the steel “ydrcgen«rez*st&nt-— Ths
“complex Cr-Pe-C iz not Teplaced witha Hpo —Other siewentz alzo mdded $o inoTsage.
strength, Ths annealing state *a 1;Uortant the material must be free from

TTstrains. L S S

T

2). Attack by Su.fur
o The. naxtow heat ezch&nsar~tubes woIrs originall' e&lfur;ge i :
”p?ugged_un with Fad, : iy

Rceiﬂaanca,xo H.S 18 obtzined by high alloying. % material then
d1fficuis’ to work. §o* tbis resgon Iy im ﬁ*ef9r$ble tc produce = high-=z
onter ’ayer by depooizing zink. ‘ '

=1 o

Hot dipo'ﬁg (Veuev*rzinkunb; produces & tain quer cf-”ink wnich—va rcrizpﬂ

at 4500, Frotectlion was on¢y effactive for 1/Uy year. 2Zink pleting irn vzporissid
TT"zink/wae for this reason Inftroduced, wiih the materizl oxposed at §70% for X0
~hours tc the wapors of zinr (vapo‘ presgure of 7 2% 9200 1 atm,, at 8700 2/i
atmy), when & disfusion layer is formed, actually An alloy of Fe and 2n fon 2

1f2% Cr steel). ¥aper coated zink tules cen de ireated for & very long tizmc

with HZS wiyhout ;orma tfon of crusi. Lo ' ' S

... High-Cr - Ei steels fsucn sz v24, 18%€ C‘c 9% 3

but they beconme embriiiled \*epa*a.iov of G},
temperatures. Hot U.reng.

Testing of differen? high al‘o; Ci-steels £t gﬂgb Lemn
pressures )

5




- P

—_— _2 - e

.& . . . [

_ Thers L3 a'repilvi cr&aee 11 p:rmanent alcngation a¢/¢“-3%
teets are tierefors rum for f:om 1000 hours to 1 year. X3 is btab
© hours snd lpes \J% cr, vo”ﬁ ﬁoo o 5% ¥, ama_l anounts’ of ¥}

//

- Teste on crasp reslstancs is rum on differeqw va°S at high tempers

— - g

-and tnder high pressures. A rate of flow o? 0.5% f” increase in dlamstar’
yeaxz is still permissible. o~ o

- Ng&s sooa.sno hra.
5000 ¢ 0.1% |
5500 ¢ 0.4%

60Co ¢ 2.1% .

Gnallojed ateel 13 satisf&ctory fer cold p*ne ;ines, .,,e° S2,-wish C. 2
“‘1?**iﬁ33fwtthrlﬁ?4k?——:-1~Moafor-uov—szaa~.acxewsnatm§23° C. 5 end X8 erc vs
s Hp resictant steels. S and X7 are not-used. K10 12 now used“fo‘ Trensste
tubes at 7CO atm : T

T

The different zlezls are sucdected To numeTo 4w ‘tests =t the zmel%e" =
vy the.recelving department of the I. G Each 4ndividusl plecs 1is tested

prevspt any =ixups. After tneir installazion in the stall a rapid "Tuapiln
“T¢egt ig_mede., :

Literature on

Zeitsch*ift.fnr Netallwirtechaft vol.




Collenicy

A‘Bombg
g 200 c.e.

Hg %o be rom out. . ~ -7
very sicwly (dropwise)
%0 avoid Telesase
of gem = . —-

:

o .. . ‘
.Several bond# cosnecied ?




Pervert pormanent




. T.0.M, Reel : u. s. Bureau of Miﬁéa
<—.na.f=5~—#pprm176 179 . - -Hydro. Demon. Plant Div.

AGCIDENT PREVENTION

ﬁf;‘thnelo (Date not given)

-The purnoie of accident prevention is not. m:aely the protection of
pe0ple° bus is also-o; economic imncrtance- T%*ww- B

- -~ —

. Accidants arp,more frequen*ly caused bj mechanicai than by ,bsm*cal
" factors. :

— The dange? of accidents is higher in. hydrogenation becauae of the f?”e'
hayard poison, high ooeﬂaeinp temperature and h-gn n*essure

[ G

Chemical factore, B

Combustib1lity ané—xormption of exnlosivb vepor and ai“
-mixtures, o . . P

’

Mlé¢£§£€f5536narg57§&§hféparkffg?&étioig

_—$hase—axe—tc_be_considexed when gasolinev4gc_s*mfxar—‘1 1idelgoméain
,contact with air currents, for lnatance when gontalners are drained cr
let down. In the absence of grounding, -sudden discharges with spé:k foer- -
. mation may be produced from electric charges. . Charges are avoided by a
- .proper groundi ng of all paths of fluias 4.e. in the ermtying of senk
cars. = o -
(arawing, not availsbre)

—Witen emplying: =usi-be grounded by
conducto=s tc the level of g*ouna watpr The stream of liquid’mustfbass
through a pipe which 1s alsoc.grounded. SRS :

ict*onal electricity, drovo effect). Yhen funne’s and screens aAe:us»d
they aga n muast te grourded The metzal connnctions mast be c’eano

JRSSt

Hhen guns are axssclved in ??soline,.even dia inz or-Temuving wcolen
or sfrkéﬁ”“ag”"mﬁy'b”"dahge*ou%c,_r" T T . =

i ' : ) i -

Pu“e gages do not Dbecome elpc&ric9lly cnprped but the nresence of ’
minute amounts of solids is suf f!ciepf to pro&uce 2 oh ?rge" — i ——-

Ro ore shou.d ever Wash thp+r bapds in gasol*n When-gecessaf& ié
wash hands in gasoliﬁe, some soapy water must te added, or the hands wet
with the gqsclineq L ’ ) ' ’ -

: o : . -

— Prﬁducgiqg_of sparks by hammerlng should be aveoided in: the neighbor-

hocd of flammable gdses. Toolks must.be made of bronze, beryll -nickel
alloy {(hard, for chiSels) oT beryl¥ium-copper (Ior hammera).

¥No one sﬁou’a do "W 1 1ng~fn~clo nes SQtn?a*eu wiuh oALU

. Tenic: with protective gases may becom vwfi:e haya*v3~when'@iscaréeé~v”
~:£TOm ope ratibns should any.FeS have formed. Txidetion may result unon
.-expeSure Lo af}-<ani~a bu:si¢"g into flames. It is very dangerous whan _

vhere 'are inflammable vaper ﬂr—‘*quiao around. A tank musi be filled %o

-~

“—tire” top Wi ish water be‘ore de tting air. o . .-




Harm from sutstances occuriqg 1n ithe hydrogenatlon nay also mari est
i1tself by itch¢n *aah formation ard poisoning. B -
' 'GasUIine:*mfd&re—vft“KTETdccavrcnzttyfused“tn“cipan*hands;“nactiﬁee~
and floor. The results rmay be gikcin disemses, objectionznle odar in 3he
room. Substitutes must be used. The floor rmust-be cleaned with Nerad oil
(prodycgd by 1.G.) or with Siitrons Machines with Siliron or with Henkel
hand 3o0sp. B . | |

e

Phenols irritate the skin and the mmcous membranos,ﬁgogglns magt 8l-
waye be used because eyes are very sensitive. Distillation and catehpod:

water mey conteln phenols. . Cther substances of like properties°- NE ,
{high rates-of diffusion, mucous membranes-irritated)-and-HoS5 {in low con-
»centrafions irritating. to the eves, powerful noinon for nerves ~can not be
smelled in high concentrations). _ C e ' -

ProueCyiou aga*qs ieos .

'

_have. but a—+¢m1t9d eff cie1cy w1th very poisgonous gasps TRY covcenﬁra»;ons
_of over Eﬁﬂ nZS‘begins to pass through the insertion in a BhoTt time. Thea These
.gas maske are therefore of only 1imited use &s nrotection; - For that reason.
~everywhere where HpS iz present (elkazid, hydrogenation of HCLD.expansion,
///E D washinoa emptying of converters, measurement of level of uanzs) one
must have dt 1n5 repalr work: '

. . Gas masks with- 1nap*tions ("S" for HZ "R“Afor HES and hjﬁvocaraone}

-

1) Comnreésed air masks {compresssd air co“nectionso} -
2?, O;ygen equipment ’

Injec:icn cf heart remediesv i.e. ™lobelin®,

with N> or. 002 connectiouso. Tbe latter are built eimilar %o nhe a;z connec—-
tione "(bayodet conuectionﬁ“ Cn ail such” conniections the contents mugt be
indicated vy éolor anQAtagg In Leuns the By apd COo- identi¢ica ion ‘tags st
. £irst be lifted befcore ccnnebtio"s can be made, - The comn*essed_air pipe line
must first be blown out, o provent water from Pntering the gas masis. Wren
vessels ara to be blown wizh ailr, onoy magt: oe at a lower pressure ohan th@
"-r.:orxxpress;seri«.‘h.'c - , B N

P

When the 1mm°rsion of a gas _tne oreaks ’Hrough, ne cne is perm*ttea Lo

near until water has- beﬁn»rev7enished {2} e-va.ve rmist be',nen mor‘"crtal

i5n the dipping of exhaust or fuel gas. S :

Gogg;:s muat always bp woTn’ ulen pipe 1inns ere opened, because \80me MY
comne ocut even after exhausting the nressure (Yconcealed y?C%SH”" o Bnouid -
the 'line have been plugged (depozitlon-of *ust FeS, catzlyst dusi, paraffin,
"zap::tha";neD salt). :

RS




. T.C.H. Res: Fo. 162 . “VU. S. Burseu of Hines -
Hydrs, Bsmon. Piant v,

pp. 221-2256

STTELS USEZD 1¥ HTDEOGEHATION

0f all b s diffarent . propsrt* eg required of iths. steels weod in b,vd"’c
ation wa aha.s.l treat here only the zoat S.sporta.." Fues, RENCLY reszistanca
hydrogezzo crsep sﬁ"eng‘;h and resistance to Vdrc»ge:\ sulfides,

. In the seriiest czp@*’iment'- the an“a.rsuus wes =nde of vaalleyed i
" In whick the izner strains wsre overooms c;-'—aareﬂl.. heat tremtment whimx was
the_ sudjert of siricst ;nﬂpsction "eqt.ireaen'c Howsver such masterisl was
moTe or 1ses dscAarbonized and gmbrittlsed at tompmra turas of adout '5909 -
‘under special aond‘i tione sven at 300° = 80 that 1% would rspoeatedly btreai
‘likxe cas% izon with no pravious deformation. Work with thig meleriagl under
eritical Temperature comdl tion '¥ag only uoasible vy ueﬁim, spscieu eenstTue-

tion deta¥is.: . o : /

? The temperzlure limiy of the attacic bv)xycmvan—ma Tal wd‘..do 425 - FFCC
by the iatroduciion of the ¥ s%ssl, & chromium nickel alloy witn eboat L33 =
C. k% C, L. .:.5% Cr and 2.5 - )‘/’3 73 when %43 gteel was prope:r riy worked asd
tbe propsr atruciure. The upper 7‘3}‘-'/ o .&oieity would gink otherwive ¢
Looe -aad the stsel dld not oflm/%he required 3afety in opsrations. 2 Lazs
frnéresse in slloyiag additions. was made by changing over.to- the V2A stsel '
which has bscome in the mesniime widely unsed and which ‘Contalned 18% chromium,
8 ~ 9% nickel amad about/OQ.E% S; it war steble against atiack of hydrogen eni
had good strergih, and it was not attacked by hydrogen suifids at the normnl
operaticn ﬁempera?{ezc. However this etesl beceame very er-ensive, snd—in
addttion presented grea difficulties a2t first-in the production of ihick-
. weiled aeas.le/se tudee. Mcorsover, if the maiteris} was raissd 3¢ temmaratirs

7T of 500 - 006‘35 and placsd in. a corroding medium, among which ne zcid '*"c"“‘ﬂ'
“air ngd 46 bs counisd, thers resulied breakdcwn of the grain, & pnenumenm 'm
c&used L ..;a"&"ial to Taid apart 8% & powdet m.der "s*y slight a.raifr-_. -

%

,/heat rea.tment \ouend\izg* TOR SOmB 11(:0 -
.~ at 500 - 600° in the form of- chromium cszrbi clea a“ hs gra.in bﬂund..ry hith
o result‘ng local lowering of ths chromium con teni and reduction of the zorro-
zion resistmceo ~ The com’ainauion ¥ carbon with ﬁ-*mimLtantaLmﬁcr
~vasistant to breaking dows
o" the grain- however ."xe him nicke.. and chrom.m ecntont hes limited Lo
a long tims the ugs of these materials only %o parts under partienlarly aigh
asrefing . Nickel 'is basicelly unsuited by lowe*irg the registancs to hyd*‘ogm
-~and by betrng atiscked by sulfur and, =s & resuli, chrominm which hms been
fourd bsneficial vas combined with molybdenum which, in tarn, improves mec&zzm
ical propertices mere, sven when ndded in small amounts, hen does nickzi (&,
HMo. corresyon&,.e %G aboa.% 2% ¥4) sra is mo*eoveﬁ_mc\m %o o m“bimlc;l - acaivu
“’*"gs E;. cata}.yst S - e N ) o e
. The firs:. steel meds on thas baéisﬁmdm.m 1z PL4S], %6 which we h.."e
gsva.. she. desxgnation Lo and wni ccdtaizzed sbout 0“,5 - 0, 2% C, 6“5 C‘, 5‘}@

y -

o pfr,,essure ‘2nd te:*per;a*.ure




that dsy: The ¥5 material is ovsn today
Experic.co with kigh DPrescure boil
Ty has gnown that with imersasing chromium content inm
yodsnum wteo’a a maximumz tenzile sirengtih eaﬂ odisined
ter whith 4% becama laver, :nd'".@eLo with a lower Cr. con-
dve Lson %8aisd witl ths forzuisiion of FE, {C.18% C S, 3%
15 O I¥) @nich had 2 eufficiznt Iydrogsn recisiancs and
‘ resistaace {18 lg/zn® at 9507 agained 15 kg/me? of
suun*s %6 hydrogen, =and wers in de‘uiOu cheapsr,
is eruipmcn hevs shown hez inckezsing ths
uhl:ed in parked improvemsnts in hydrogemstion, but
. permitéed sisc the uss of nigner Semperatures, snd
*ssistvnﬂe'Léi $¢c b2 ft ubor raisod and broughz
containing 0,17 « 0.22% C - 3% Cr, €.35 ~ 0.5% Mc,
«f - O, 86/ V., This materia- ;Eeo devezloped from N8 with -
. It cam. however, only b2 of service afisr
g3 dbefcre hu"uea*ng was heated to very h‘gn temperaiureg - adbout
,35&00 - in. crder to prodncs & meximum golntion-of vansdium carvids which
: hecome ?sry Tinely ~ua-a.wided irn a8 subasquent pracinita»iov by anneal-.
~aad csuss 2 great hot sivength Shrough:- the damming of
H O is & n‘gn$y asve&opea m'usrial width the strength- in the..
Gunting %0-80= 15T kg/mn( wzth good toughness which 1o
w‘c@ tha? in the zo? $=annealcd 3%2ts and which therefore requires ths
cars 14-heat-trea%meat and workiﬁgo’ ‘ S -
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The development of gtasls for convsrisr shs;~~ﬂ T angeze and boits pro-
¢ad¢ over the same path 28 with the tudbe matsrisl, Zrom zelectsd cardon
sel, through chromium-niciksel steels to chrominr-mclybﬁﬂnum sseeals with
addition of some nickel ot iefiy Lo meza '"“c_h rezsons in czze of

COnvVerher ateela. T -

Thc éénver%er‘sﬁeel ¥lz ;% Gr, O 25% ﬁ m@;ﬁxum Q.85 %4,

a.ee* ‘ax boi¢s and flanges_undsf'htgheat esraine, s 2% Gr, 1% Mo,
P T

%he tubhe dboandles- o* thehent exch&uverc—xré*EEKS”ﬁf—ﬁS—vhiaﬁ-c35Yatn§

r end 0425§7ko and the converter liners and hsat sxchanger paris wsre
£ ¥2A or weith 17% chromiun stesl Durxng this d"?&&OpE“E% 3¢ a gpparam

‘_Lua.wusgnzciacﬁedﬂagainﬁx;zhs_aizgck-ny—quzuxa : -

Ayarcged sulfide asiacks moet o2 the indusitrial metale & d al*oys
ecially at high temperatures, as wes known from %he sxperience of the
roileux industry. During hydrogenation, producis were irsated with very
r. 3ulfor content. or slss with low sulfur Tontent but &% lgh tewnsradures-
.fﬂ" instance, 1a ¥hs eleciric neating of the prshesfters and uiffiﬂdltfe’
s*ne;-ancs&~%h“0ngh docomposztiov end dspositicz cof sulfice crust, THe —
em“of stlfur registant material Bscame partliftiisrly fmportant after ihe
cdustion of sulfided cmislysts, with the feed occasions’ly slego sulficded in
31 tc increase the porzmsnsncy of the cataﬁystgo '
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- Many tests were mede in special amaxlogca¢e furnaces to test the effmcts
7 of a;crogan sulfide cont01ts of un tc l 9 - 2% a%t tempcratures from 20« 25
1'on ‘base wnd with the aaﬁfzion»77
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nacesalitated 2 saving of stiiege matals and the use of ’Jargar amcunts 54
gapadium, Tmengenose and-silicer as. an@y—namialo, Tre-tabie below-4is
£ coxpartsen of czondiiicms in the middle of 1939 agaxns: the z‘&dle o
k2, .7 - .

Fursose _ Mtdéle of 1939 R Intended: beginizizigﬁ.;:ril,l@%?
: - - Mapiings ' Analvsis C Harkinzs - = Apalysis

Gaaketa, bandlez S e - EBA . €0,12C3>2.5 Or;

, of tubes Tor e ’ - T - : c.1'v.,

- -hzet exchangars, - ’ ' y - BBB <0.12 C:>»>2.5
Zounde icn, shells E5-2.5-3 Cr; 0.2 s - N5C 0.19-0,.1i8 C: >:=°,

o~

*?or Wicke"o‘en T 0. iz &, RN e e 010,72 V

- ‘In ¥ for pi
}ines and pra
hegiorz Lo jDO

aac 1OU 2.3.»;:_*.

.. Unalterad ';;:.t
.. snnesied sont

sirongly ,im
1.5 Mn

Flazges ang z <Gy 0.3 Mol L HaE - 0.8=1:5 Mag
.o . . R Lo i Si. -

Converter zhelle 3 Or; 0525 He:-® - WA ;&) 2.5-2.8 Cr; mex.
and covers. ‘ 0.8 Hj - for wall’ 1.0 Mn; C.S Hi;
‘ ‘ " thickness b) 2.2-2.5 Cr:. mox,
120 mm _ 1.0 ¥n; 0,15 ¥
(0.5 ¥i Zrom scrap
pernissidie)

TEL
Tor wall
‘thicknsss

- 320 mm




S Cemparisor betvgen ths*requi*ements in aIIby'niaces for the high Eressure

- stelis for the hydrogenation with a 250,000 yeavita production of automobile
#asoliine from ccal. The follicwing savings will be the result of ucing the
5/1fu2 *equfremeats against the 571741 requtrements= =

ST Savin&g
i Chromium'

Molybdenun

Incresssd Reguirements:
S Hieksl Dg o - =~VJ,500 mg

Venadium . 304 S k 80C kg.

-

Mangansse ‘ about 1004  ‘"; S = 95e000 xg.
: Fo* a DHD installation for the. nroduc*ion o¢ 200, 009 year/ue of DHD gas-
- -okino the values For the same uime neriods are as followa. ) a

Savings:“‘

S : S o :
‘Chromium - - BRI B S LI 13.300 kg.

Nickel s .. 1068 ""‘75 | 3(0 kg.“

Mclybdenun . o 75% o - f'.3’h60 xg.'

Inereased Reguiremensa:

. Vapeddumm - . 2004 . = 1,830 ks.

Hanganege 3 “;¢”—¢ =_ 1,500 kg.

/s Dinxier - .-

Sternberg/MC/ v
8-9-1945-




T.0.M. Beel Wo. 145 U, 5. Bureau of Mines T_g7
Item Koo P “Hydrc. Demon. Plant Div, - ' R

T T e T T . , 22 May 194l

~HOT 0IL LET-DOWN DISTILIATION =

Summary: Processes. dpsc‘lbed in DRp 735 hSQ for ‘the d*s*illation of .

. piteh with super heated steem was test°d for its adaptabllily for ing
dictillatAOn af coal Tesidue; - R , .
We have stcceeded in drzving eff ¢5<to 87% of the let t=down o3Il =
{the difference betiwsen HOLD Enc distiiletion residue, aseum;ng no _
loss) with little splitting, as dlstillate, contsining iistle insolhﬁ*ag"

ca&&—aspﬂa%t-—¥acunm—dtettriaxtuw*wvu1a give us 25% less yYield. 1In sd-
divionr> a hiigh asphalt containt nwing d{stillation residue of high viscogity
»kas-obtained*“ which 1g suitedie for & briquetti’xg medium, tut which might
&lso be extracted or furthpr distilled in &8 ball’ kiingl .

It seemnms apparent that tneﬁ very sensative to tempezrature, leu—d0£n'

haa_a__gndency—xe—ecxe—*n—the—mtx*ng section, even at high flow velocitia

"1f the temperaturee indicated in the Patent Claimez of 600CC for’ tha steggﬁ_”
.and ROOOC-ﬁer the mizture are-appreciably-exceelded. ——Condifions wder.-whic
an-almost oll=free distillation residue, similar to-the rssidue cf Ttall

kiln~ bould be obtained have the efore nov_been found.

B T e i

~_? - Further exne*imen‘s A dzst*llatfon and in the ugstfng of the paaoing
5TI”§ﬁality of the’distillate are- in nreparatlonq - RN
oy o :

DERP 735 hé? of tﬁe Rﬁtgers ﬁorks describps & process aacerdino to
which the @istilIation 6% lov volatile oils ﬁﬁthOQt appreciable ﬁecomnc-
sitlon ia made pcssible by neatfag 1t in fractions of. -& second with con-

- 8equent vsl@ilizaticen withonu'crackingc bykmixﬂng it with eh inert Z&8

_er- steam serving as heat exchaag@_mgdinm&__In_zhe;desczibedrexaap%es—~—~——f g'_

___——$heee—exemplesu The nmixture of pitch end stean_ilnked;ﬂuﬂnqﬂyéy4uzi&s

“temperature cosl pitch, brown coal tar pitceh, or-petrgleun. bitumen,

Drenea»ed to 370 - 380°C, are sprayed. thru & nozzle into a 5008C stream o
of steam, where for cne pert by welight of pitech 1.1 - 1.4 part by weight

of steam are used. From the specific heats and the mean compositish of.
" these residues a mean mixture temmersture of 49500 may be ealculated- for

section approximately 20 om long with a velocity of about 5 m/wec, 20
that the mixture remained at working temperatire. for. about O,CY4 geconds.
'Then it . entered gidewise into an expansion chamber, where it.was brought<

to a temperature of about 4000C. Hetre the vapors going off at the top-

were Separated from. the unvaporized rTesidue. - With a loss of 1= 2%, 30&-

T 4 unvaporized hard pitch was ohtained, which we estimate consists ofa
-about 40 - 60% insoludles ani a high-aSphaltic cil. -as well as a higa
viscosity 0il. The oil yield 4is therefore higher than with other dis~
tillation Drocesses; for éxample, vacuumn. By mixing the distiliate ard
residue of coal tar residue, & pitch of” or:gina_~cual}trﬂﬁht1qgﬁ:rc%:****‘*
tained an *ndicauion that 1n rea.*tyg'no decomnos tion toock place. . = -~ __

It ssemed advisab1° ‘20 test this process fcr 1ts suitabi ty for S _ e
_ working uy ~Tesidues; Sbecause 1Ligeems %ic cven uD-the.possidiiity to i e
T obua*nc by distxlxation of the let-dcwnn'a return 61i . Iow in iﬁqolubles'“ ’ SR




- 2 -

and asphalis, in_the use of which an increase in the cosal thru--put, with

the same pumbing energy.and ccncentration of solide in the paste, and &
_.Cecrease in the gasification by PWirvnating the retuxn of high sondenssd -
azphaltaita‘high ressure,nay be expected. The queczﬂow 48 still open, T
‘f~it'is noss;ble tc extract so much oil fzrom the dlsﬁilAa ion residua/////

that ‘= xiln d*s~111aticq L -wonuld no* -appear & Uayinp p;apcs*tioro/gp I

‘should be'usﬂd in the ba.l iin wi*h a,bigber cil comtent or

guetting med$um ¢0A_no“~hagiﬁg voa;ﬁ :

_vvw Bl

PR 2 B

BESUL”S CF :X?EB*ﬁEH"S

for the exp eriments are given/fgi;able I.
/

- Tt was to bve expeczed”ffaﬁ thpf“%ﬁ*% that the hydrogenstion let-
downrs gre more esslly a°comﬁosed/at high temperstures, and therefore
_more readily lead-to equipment trouble, than tar realdues, which' have
already passed through high temperatures at low pressures. . Therefore,
contrary to-the exammles in the Petent. Avplication, higher velocities.
zin the m;x*ng gsection wnd therefor shorter periods at working tempera—
tu.esD were used,  This regquired that the mixture sirean be introduced
from top to bottom in the separatoA {catch potl ccwp*even;magicking_pf«

the Tesidue on the_onposite wall of this vessel '

hetndoun f*om the coal hyaxogenation au Qﬁliﬁzo prope’ties of
wvhich are given in Table - 3, was usea as’ -eed

in Engr‘ment i1 pure heav" letwdown OJl andaa 1598 was run _alter-.

dately with & reratively high thru-put {8.5 - 9.0 kgfh), where the
" proportion of 0il to steanm wa3 held ts that given in the eAannles in

the Patent Application, _Deviating from thess, 0.5 n3 of gas, at =

8%an&a*ﬁ—ccna*tivﬂz?‘ﬁﬁr—kg—dfﬁf§;ﬁ:fII_Has_f;e-npaueﬁ i It end an .
thro the nozzle for the arOupéiibn of the heating ccils.: Thiaz required
2n increase in tire—stesT temperature to 62L° C. to obtaln & mixture tem-
perature of ebout YG0°C. This experiment, rTanning for several hours. .
coulid nOv be balanced because of repeat2d failure of the naste'pdnus
which were'wisuitadle for working w*thouu~nreesu‘.? These intexrmmplions

. TAy . have ‘baen nr*nsipal-y responsible for the wide sn“ead coking- up of
tue 1‘x-nh sent‘on whicn was dis"losod after th e expe;inpn.o L

&n Lape*iment 22 sowew&at *educea s«eam consumpt on was experienced,
tly because the mixing section wss a;rpaqy coked-up"in the early
. since h:Ts5 alsc the cold paste pumps worked erratieaily. SiZce
e t-up temperatdre of the L°£~Q°w1 was at *hy seme time reduced by - -
Lo - 3?0 C, a—mixtures-1 mvera*u*e—uf—oxxy~hq wFs—Uttarqu———fhe———**——————*
wag discontinued after ten {I0) hours in the regular manner. . - -
gsecticn wﬁﬁ“égazr‘*hw y—t,aad*E*—**s~w~s—é+scrcse&—rn—t*cﬂan

Acco‘ding to the ba*ancé {Tg leﬁ_) “ebout U4CS of the lei-down was -
obtained as distillation residue. which anmezared .coky, beczuse the sepa-
rator, even at the Potiom, was heid at h@@?G thru-out the entire experi- -
" 2ent by elecirical heating. Because of this, the balance shows consider-
able renevwed formation of insciubles., The resulting distillate {Tabie 4
?§§g-&sAexpegyed¢ low in ben zol -naqlgaAes_il 3§l_ara invasnhali‘¢2 _%LL.




————— - e

As t ie comﬁarison of tbe qneni'ic vravi Ly of its vecuwn fract‘ors and,
its middle cil contents with the corresponding values of the feéd oil
show, a very light c”acking occurred, u_af.ﬂhe_lnxs~s+_ﬂh.ch_he,e~a‘
comparatively high becsuse of ineffective ‘condengation in. the equip-

ment, an oil vield of 755 from- uhe oil of thp lot—dOdn iz ca.cuia»ed— T

o£ the pvocess aescrier_Au u.e Pazont &pp;icat*on wWaSs ther%fo*a nrovod
— N Due ‘to thie intense heating of the aeparator s*uuge the resLdae wag
T iergely noked {see T adie D)Q T .

-— ~

.. In Experiment 3 thp qhart¢ty of gteam wrg to be doubled in order
to increase the oil yteld. Tnis cen de obtained oniy by reducing the
_feed oil ingcu*gn~H:’h_aAco;res:anaTaa gas—reéaf%%eﬁ—Lé}nyc at—4ne—be=—
Zinaing of the experiment thog.team termerature rose to 688° because of
carelessnesg of ohP operator, which led to a sudden coking-up of the
mixing section and- thpreby to a redugtion of the steam consumption.dy |
50% -This shows thet the steam temmeraturs in this process- cannot be in-
creased at will.—In the following twenty (20) nours experinment with a

mixture temneratu*e of . “?SOC the coking- ipc*#ase 8omewhat ’vrther

——

 The increase in th e<gpantity"o; stean and the.mixture temmerature
bas incressed the distillate-~oil yield to 82.5% of the let-down ol
- Cagain azsumed “Tosbe:free of loss) | (see Table 2). .As the specific -

-. gravity of the oil. (Tadle 4)"shousm more di‘fxcul“-“ 1ling constitowents
_were carrxed'over than in eyperiment 2, as well as—sowe-asphalts, acco*a*1?
to - the analysiaﬁ ;5% of ‘the aSpha_t of _the let-down was - found in the dis..
tillate. The insoluble content was about: .the same as in the" n*ecedlzg'ex—
periment., The new formation of middle oil may have increased-somewhat,
Accordingly, e wcrsing-tamnerature of ~adout 500°C may not be avprpci~b-y -

- exceéded for the oils from hydrcgeratiod Tet-downe in order teo avoid
splitting. Since the separator was not heated at the boitom +bis*time
a very visgious residue with a softening point of. 15000 saitaalo asma
briquet ng medium For non-baking coals, according to tests made EQ Dr,
_-was obtained. The proportion of oil consists of 1% s-asphalt _
( able 5); According to the. balznce, the wew ;ormatxﬁr*u:,ben7o; inaplubdbleg _
wa's conside“ab;v smrller than in-experiment 2, -the new format‘on of ;et“alin-

_kreso’-incolublﬁs was inconseoupntial o - - .

B ggﬁeriment_ﬁo,mﬁ was made under identical conditions, sut lasting only
_three and one-half hours, inc‘udzn; the Tunning of the oil, in order . L0
‘determine the start of incrustetion of the mixing section. ~The incrasia-
tion here was 28 grezt as in.the D;ecedlﬂg exnerimentso The coking up of
the mixing sectica to a narrow channel annearq,1unerefof§a_.o eccur at the
very start’ of the 57 Tocess Lraer the” chssen‘cond*tgons° ..The coke contained
32% ash There*o*eg 07% of _*hn lzt-dovn was vo;atilived the rest was
coked. Since the senaratar. vas.ne;ﬂ to nn1v 30N0C this time, the &igti
t*on *esiduc con,ained cn-y hS% Ansc7ucLes. -1n orier zo crivp off ruff
the

ia-
cien

i
icien

°a,e1t rust be nelr tc,‘ﬁ o T

- - - —_— e

urve‘ime&w‘a ;*5 Parther expesiments were va*t*cu;ar:y”to Serve the
purpese of avoliding the ccking '.p 57 the mixture section. For ihis pursose
the mixing; sec $ion-wag. narrowed from 24 $0-10 mm-dismeter, which-increased




the stream veloc1ty about_5 times (120 m/sec). At the same time the
quanvity of gas wes further vreduced to 0.125 n37kg—o‘*%9*—dswn7'9&*tﬁ£t“““
“the letaqown—pas-t-d ure emerged from the norzle -4th relatively- sl ow
_vplociuj compared to the steam., Herewith was to be avoided, 4hat the
let=down be shot aga‘rst the tubve wall of the nixino section oprosite
the nozzle opening, where it would stick and coke. It wv=m=s shown that
with this smell quantity of gas a short interruption-4n the gms sunnly
lad to 2 dama 2gze of the mixing section and the nassage betwean nrehedter —
e~ —and nozzleT_al though the mixture tem ver“turp was trils time only a ’i‘*%ﬂ-
"~ above 009C - '
Tne- ¢cllow§n° Bxperiment 6 showed thet it was possitle to
an enyemdnu neklod Lnae* xhece_cona*t;ons 3t Aan,hndﬁsuur“Pd T &lmosd |
mixing -
spct on aﬁd the rozzlee %hicq vasg csuspd by a me men.ary.*oweringfo‘~uue
gag pressure and the conseguent gas consurntion Jue o a bombing alarm,
Compared .tc experiment 3, the lowerinz of the mixture *emﬁerature by 21%
S 1o} 964°ﬁ:a&use& ‘& lowering of ’he ol z—y;e!a BY ABout 5% 6 7?4 ef let
down 6il. Because less keavy oil was driven off a somewhat l‘guxe*"’
digtillate was nrcducod - Its content of .imsclubles and asphalt remained -
nract*calwv—anhpnppd ~As-expected, the residue had a&’low.inscluble’ con~
tent (S4%) and-its il contained less asphalt. -Accordingly, the resldue
-—-f*~—"h~¢~a—8om°wwat—*cvé*”svftéﬁfn, noint SY“I&GOC' “The eccnomical- working -
_also showed itfself in the balance in a smaller ne’’ formation of insolpbleso_'
This time &lso’ the asphalt remained at 80%, The increase in separsior’

vemverature from 3;700 o 38800 in ~zner;n9nt 5 had therefore no apnpre-

b1 a*ly all b‘;znces showed a ceficit in. the ash balance. Présumably
-the iror sulzzgg_ig_Lar le decomuooed in the distililiation by the superx
3 'sa*unies‘no—*v‘thé*—gvtfs

&fter the svhsabllity of the PQLI ent a;ainst variations 4n the zas
consuﬁpuiOn nad;maﬁe“itopif ‘aprarent, h. £As -was omlitted in” Experinment
in order to lessen the increasing danger of .the clozing Qf_»na_nvzzie Foxi
‘this orocedure, ung let-down wasg rin in st & lower temnefﬁtﬁ*@‘(?ﬁﬂec*
nd the stieam. temuperzture increased. After two {?}'Hours 2he coT
rese service was 13&§t:gnued For seversl minutes with a cor qpanﬂt

- -

i3
1()0

‘nozzle, - oo i . : g -
; .
with gas. The conditions

paste nre-heating, conseglen
and higsher mixture. tempersiure
: A & was auP”PSS¢nlld ’PnC¢ud°C
X LWenLy éigﬁ‘ 28 iy s exvernal infiusnces, =T
ncssible Yo run only 1) hou gradual stopning-up of the

. occurred _snd eventually alzo t eAne zle was a*mosv—o csed,
 indicated in tha Pptcnt Apﬁ-40¢»-on 6009C_for ateam and 500
e, couid, C”OL‘I“Q-j, not be.apnreg ably exneedvu in
. sn sensiti ive: hyGDOfen8+ion Letdcwﬂ even if,. =8 hﬁA,
v

e
He ﬂ*xinp aection is intcrsased more than Twenity
he pawent exemples. ' :




J"

favorable than those of Exuorinent o, 6. Im na”ticular an increase in
the new formation of Beznzol insolubl°a appears, which leads us to presune
that from this poiat of view also a mixture temberatu*e of dihove 500 -
510°C should de avoided. :
. Arranzement o“Exper*ment e
(.‘:Lbuil* Lessu.:e Distillation Iu 522)

- . In an electrically aeated. gas preheater, “eated pa e me’u w1 tne
let-down supplied by the cold paste press. The the mixture gees to the

pre-heater in a 10 mm_tude, upwa‘d 2nd_downward coil, 20 x 2% T—SVCO“ MR
in e’ectriﬂal;y heaved alir s->s=cec from there to ‘the coil furnacs hnwarﬂ .

and¢ Gowrward coil, 10 » 2L x 6 000 mm in electrically hested air space, then

“thruan alcc.ric&;ly heated nassage to the mixture nczzle. tezm heating

'in steam coil hanging In elecir fcally heated nrir spPCP then downward thru

a 10 mm_tube %o the mi 1ng °ection :

' Mizing Section, 2L mw tuds fitted into the s.}ar“to* {caten ot} cover !
from the tocp. The | mixing nozzle, & ma tube,—ot an angle of 150 350 the longi-
tuédinal .axis of the tute. and bent in the direction of the tudbe flew, exiends
to- the center of the ‘tude in the mixing seetion. T T ¢ S e e

- - —~ . _ - — J— o

Se)arator“{cauch not)Z“ mm.diampter 1300 m—h‘fh, pleczrically hested,
with inter cnangeabln L*ner of 717§,~ere caracity. Vapor out ai the top thr
the cover. ' - : ‘ - ’

Further course of the distil late:s Thru a water cooler into a.n 2ing.

1"7.
cclunn for separation of oll mnc s*oar The 01l 1s drawn off st the Zoi:
X

“thru-a goose-neack, stean discharged at , , 2£ain thrw a long
w&ier ccoler into & condensaté vessel i1 vessel), fTam Lhere thru

-2 .cartiy waier cocled l-ne inzo ‘asmesy

De o""'i‘{}

Experiment Bo. 1.

%OO 1i/nr of gﬁs at stancard ¢8Aditions thru pre-heater. Termerature - -
“in the gas preheater S mv, i the pre~heater 12 mv, in the c“i furpace,

19 5 qv - -

, -lQ,xg/steam'h* thru stess ialet ‘gtean coil 3k -mvy

Sebara:or,insid .

here in tne
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- ~U., 8. Bureau.of Mines =~ «—
“Hydro. Demcn.-Plant Div.

e e [

T - Leuna Werke, 23 Jzn. 1944

© ébsirzct of Report on the Automatic Regulation o
Vapor=Chase Hydrogenation Stzils -at Leuna. -

e rtey

£ the Li@uidAand;w

——

By Dipl. Ing. Weis

Lioyid Lavel Reg. in tHe HOLD Vesséls:

~

The hot. oil let-down from the hot catch poi passes through a so

-GG iLeT-dowWn vessel, for ihe purpose of degassing, from which it
umped Tor further processing by a stegm pump "DP"., . 7 - —

‘T&e“fegulqtfbﬁ—of-théfiiqudﬁf1EVEiftnj;he;not cil Iet-down vessel -

is shown in Figure 1. The level. is measured in the usual way by
introducing nitrogen as 'bubble-gas " into the ‘veseel below the liquid - -
level. "The pressure of this gas .in the top of ithe vessel is indicated-

o @ pressure gauge ia’ the formVof_a_single~leg mznometer,. which

controls-the steam 1o the pumy by means of a compressed-air- o erate@53; 3
diaphragm valve actuated by an impact plate "P" {Prall platte) and 8o -

‘keeps a-constant level in the vessel. - o o : , T

Ceteh Pot:s ~ ~ - ¢

. The Ievel regulator for the hot catch pot is an.electro-pneumatic
‘regulator, ~working on the "open-~shit" principle, shown in Figure 2.
-Compared to the purely electrical régulator with electrically driven
- regulating device, the electric~pneumatic regulator-has the great N

‘advantage, . that, bDesldes the adéuracy of the electrical measurement
~and the independepce of its location, it enables the rapid, continuous
-control of the regulating device by diaphragm actuation. . =~ .o

. Liguid Level Regalation {n the Hot

The level in the catch pot is measured by introducing circulating

- gas as bubble gas, which indicates the pressure on a U-tube type

- balanced 'pressure gauge "W, - “W7, in turn,- actuates an-electrical
—€ircuit operating 2 electric valyves V; and V2, whick, in the manner

of 3-wey cocks, connect one sideof the diaphragm valve S, either - to -
the atmosphere or to 5 atm.ﬂcompressed“airT*—Tf‘S*“is_Upéﬁ'tbﬂiﬂﬁf“_*ﬁf“'
atmogphere, the 2 atm. pressure in S5 closes the &eedle valve (Patro-
nenventil) “"D", but if the rising level switches S, to 5 atm. air the
needie valve opens. The néedle valve stem is z2lso  provided with a

hand wheel for emergency hand operation. ™ _- . = e

L

—--Since it*occasionaily_happens';hat“éneWyalve will not handle the
‘fqulume.ofwletedowny;ancéppropriatefﬁevice*iS"provided;fwhiCh‘épéﬁS'é '
-8econd. vaive when the level in the catchpot reaches a predetermined -
- maximum-height<—To prevent this sgcond valve becoming cold in normal.. .
- operatton;—thendvvaIVes'are.intercj nged every 15 minutes. Other side of.
" dlaphregm 52 is'COnnectedﬁto;z_atnu'éompressed'air. T L
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Deasaaaihu

"~ The autcménic re fu-“tion o;_ »oLion shown_schamai cally
in Pilg, 4. is. inzerted in the lins - -
ﬂ“viruonverter Z to the db~san ‘ng valwe AS 2003 T¥" Pailg ~

"below s predetermined te mperature, It actuates a photo=electric
cenpergator, sbariing s motorT success%vely cheninz the ‘et*gonnuzalye
{In Iime TTom-€aGeh DOT| and the de-—sa angins-valve, - afbe 2 scccndsl___
‘botl: of these valves are ciosed. - 56 se*bnds laher, . tneAQetﬁ“ is also
8Lopped; if the temperature.of "W" has ezcepaoa a p“ede‘cermined,value°
If it nas not, -the mocter runs .on and ins tiates néw control period.
Tlis course - o¢ de~gandin® is Lorcush. thne
lei-JoWE-valve to the iet-down vessel.,

Gl d "C&' "ciz rot:

Tné cold caﬁc“ pot reonlato: r-is—B%eﬁﬂfschemqt*calxvhin—ﬂ
. The “eve. is measured electr;calﬁy, an inaio Ting device’ oeﬁving—as'
an alesrm. instrument. The terminal voltag e, proporticpal to- Uke“level*'
is amplified by & photc-eledtric caupen ator° The photoelecurically
p<__.hcuntrel$ed compensator current acts oh tiae fieid coil "FT" of an
af°’ectv1c~pneumaf1c reley and this delivers a control pressnre direntlv
proportional to the catech pot level., This control pressure is aot
“diredtly used to cperate the dianhragm valve, but =zcts on the eoild
scring of the pilot control "V7. Theuimsact—ala%e "pP™ attached to—
the-pilot control lever actuates- the dianhragm valve LYYy controlling
the air to the diaphragm through the nozzle "DT., The arrangement -
shown 1in Fig. 5 makes it possible for the nozzle "D" and with it the
valve, stem "Si™ to follow the position of the impact plate "P" with
eén aceuracy of 3 0.1 to 0.15 mm, and, since the total 1ift of the valve
LY is 25 mm, a sett ting accuracy of. iﬁl to 2% may.be attained in
continuonsﬂopeffticn even with difficul?® moving valve stems.

Cold Gas Qegulayors for Holding a _Constant Converter Temneraturé:

T The usual hydrogenation converter temoeratures are nea“~*he ‘peak -
of the heat-of-reaction curve, that is, only a slight increase above .
the cermisgible temoeruture will cause thec converter to "run aveym,
"Thig froct added difficulties to the problem at hand. The introduction~*.'
_of” the" resistance thermometer &t particularly important points -

_;wigexgd a orty-fold deflection compared to—tne usual thermo—eleznnt
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the nbarﬁst.cc-J gas 1
s *ﬁ“weeo tpe "ﬁunning v
ling“in sonverter ﬂ-';*“ = rrmediate colg
ve“*e* Ny hrc aud omat:caT ol rg , btut the cold’
so~crraAoeu t“1u apv On aG73 may be-«wl%ched -onto
' s, the cold . zas-dnjection

»vubn haI“ ! S total cold zas is
n*7e t“e ok - load Is controlled by
: Sy = e c¢oiad
This
the degree
le-*cgggatnd o
Dicture of the
I _ ture regu lgtors aa&_
antro 7'u“,e¢.,ui*h.“aich ‘the operator.
ture to suit The re —dOVn guantlity
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Liguid Level Rcvuliuo“ for'*n ermedi&te Catoh iov:
p PRy
The satisf actory solutiod'oP ohis oroblnm Was cont;ngent uron . -~
-develosment of a continuous ~orki nU {with intermediate’ sosiuions)
T‘a"rfzzsgac’c".aitiow.i for ncedle valIve {Patronedventile). These
lves have hard-¢etal ne zz’es of 12 mm—die.— The 1ift re-

B

WQ ok e P (D
®
q
ﬁ

3d to open the valve is, therefor, only 4/4 = 3 mm. But a
Ing scéuracy cL~; to Ep‘-v_gycessﬁr, for gooé regulation. Con-
ntiy, such dlajphrugm actuation would nave to set the valve '
tem to an “cvurdbf of'i 0.C3% to 0.06 mm. This Wes-not. possible
with the direct actuated "open eanqtﬁ-regaaathrs, a8 used for the
level regulcti o in the hot catc pot, in spite of the pneumutic
w_ai.Lot contrcl, ‘vnly a leve“ ar-angement could help us here. . -In
- the &arrangement shown in ig. T, _ir-pressure ozcns the valve wnile
the counter spring ﬂlccﬁs_¢uﬂu -The valve. conzs {needle) "X" of the
___"rneedle valwe. "PY" _i3 fast tened $o-the valve stem by a spring with
2,m%;BAuyb sim;lar tc the V*Ave useé on the hot cateh pot. The

Q D 52 b pory
oot H oy

O ra@ 12

Qw0
+ 13




telanced prsssurs gauge W indicatiang the level. in the intermediate
catch pot, fctuades a needle nczzie "N", whichn cperates the Dilot'
control "VS". _Tnis arrangement psrmits the vaive to be orerated .
with a setting accuracy of + 1 %o 2%. =~ ‘hardwheel-on-the valve
stem permits Lahd onerat*on in case of vmelgvucy

1

«Other uonssderat;ons~

i

The Dneumat e actuation has . onLy one a;s&dv*ntage compared
to the electric, that is, in case of air failure the-valve does

not reta n its position but assumes ones of its end positions.
Tnerefor,m*he f‘ollo-JIng rules-should be fol 10wed.

). 1In particu;arly imaoruant positions the actuation should
te such that the. vzlve will assume the least- dangerous
“=  position, For exumple, our cold gas valves open an
. air failiure, thus oroventing tne converters from '

rn““inv awayT. .

L An émergency 4ir compressor ‘should te. provided.: This

«mﬁfesser—a&y—be—s%ar%ed—&u%ema%&e&k&ge@&—%&é&are;@t

.the reguliar-air,supply, by-a manometer or pressure gaugee
.ALIGW about 2 L_Zu ter regulator. T

LY
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T OH, Beel 170 U. S. Bureeu of Mines
Frenes 53U.5L7 Hydrc. Damon. Plant Div.

LIQUIT A¥D VAPOR PHASE CPERATIONS

— — ——

BISCUSSIOR AT POLITZ Karcr 27-25. ’;91;1;0

Part I = Tiquid Phiso
Fifth Converter : ~
2 Phise 150 Gol ;
Combarlaoa of Paiitg with Gelgenberg
Lus zkenearf L u*d Phase, -

ﬁart 2 n.?apor Phasc

~..“$r0macuion ‘0f 2376 end -5CK8
Four Juonve$te* Saturaetion—Stell in 9011%20

BUzh S4811 in Gelssnberg and 2 EE T RN
'2376 Cperations 3o Zeolts- . :

o

PART lw yIQHID EEASJ-
a,g__iiih aenverte&n

oo —=Following a suggessi on “of Im....w‘.?.gsh:afer.:.v Poit tz has introfuced =z Fifn
. converser (12 m converter) in its CoBY stall 16.. ”he/stal; has bsen ia
-f‘f"eperazion for 240 dayeo =na a. uorna*ison of tia- ocrformunca with.that of she
normel stalls 13 and 1% 12 sdcwn in the tebie’l. Evar now, in spita-c e T
‘pooT hsat QXﬂHangao the vuro"vhput of the’ sta*l lg 181,52 ta’h larzger i
_ of the four: convsrter atalls. Tha. 5-th.conver3gx_pxoducas,atup“esenx'a
354 of .the usua} coaverter oroduction. The intaie -temporature of th= ¢
converter is 12-159 below that of the first convertsr of g beracon A
-

atall, is cne could expect, the consumption of cold gas in the- ’irs. G

Do
ixay

.
>
-
-
i

ter.of tne fivewuouve ter-sgtell ie less thap irn the *ouh—conve*uer ‘8LaxL s
. preasure cdifference in the svsuem hag teen incresased by the infroductiion.
‘tifvn convarte“ Byl - 2 The Tive-converier stail offers no ooera

difficulties, and the. orig ¢ul opnos‘te cbservaticn (dtfficuliies

ture conural) is nc lcnger co““ecu in the-l;kht of the sxperience pa-h

';,@"ﬂa*mayiéimﬁéfiéé"as‘;6’V_§s-abcﬂt ‘the instalzat‘an ot = Zifth cornvevier: -
first—of all. the preheater ruat be capable of operating with &n increagad
'th“oughpua¢ which necessitates zufficisnt reserve produciion cavaciny s ,}m _
coal paste unit, pumps, - ete. Should neat exchang=er. and-nﬂeﬁeat‘nr.épferio;-ue
after” rbngP* oper at*on.sp {aprroach %o the mexizmum alicwable tubve wall rp~'

ture’ ofﬁQZOO,, the,vhrougnpu w--;.grad¢alxy becbue reduced to vbe noruel
throughput of = four converter - stall, a8 EEE;ﬁ;rsx_ccnie+ze::inureasﬁ«ﬂ‘y
.essumes the funciions of & nreheate-o Accerding to cur latest obﬂcrva:iCng;
the first converter Gelfvers under such conditicns at least 200; in- a*d*tio;

<

EBlitz:has.obae*v d.algo he &oalowxng advsniages- from the addition c*~bﬁf~-f;. - -
44 S EIRshie S 3 Tnmsﬂqtfﬁwr—;“"“‘**““'*f
“ega ding-zuﬂ an‘de»e‘io ﬁt*or._n guality of thq coal and pasting oil, thern | -
»t}erfouﬁsceavorter 8%all,  Viriaticns in the utilization caused by 3uch Al
urtancss are greaily reduced in the ”‘ve-004ve*nu; stall, pd;*zz slarz sc




2 -

reaults of-the disc

equip two other atalls with a fifth converter {(includting the nev et&lL 17.
N . .
(18 =, convez't-ersi )n -

-

-"9) Go"mari son of Pa.z.itz and Gelﬂe*xberb.

—— e e [ — . P 5

y Dz, K.li‘nkha nberg) an a the "g@i*‘feren Trém’ com;.a.u:c ey
experiences iz ins 3. hag-a at the Wwo placas ths
in en accessidble form,

7

The--lf ol o’di'xg :’113 %o be a,..c.sd 20 ‘s)he ind‘i G.Lal

. 1)._Hydirogen aetion cosl. Hith: "’e@*oacu $6 aszh, cs>nditions s
2bié in- Gelsenberg (4% e,sh} then {n P11tz (9,;0,% asghl). The ush co
-the proportion of C were forzerly higher in Poltite { ”)% agh and szp C
the present S1%). A% preseat the coal in PElitz is = biend of: cosla Prom
BemT”{e nin" tTar, C'narlot‘ce and Do*mersmarn. - The G apd N 'r-ronc:j
2se Buhr coalw  An 83% C coal Lrom

T “roduces tha same nydrogenai.ion, resz.}.‘:s as the o,‘% T from the Upper Sil

fi elas, and the coals a:vpear roaclilv co'mse.rable \G- 1 npberg——qz - 83,35_': s
pure cocal.

: M&l—@:‘—l&é@g—l—‘&%@&;—l&%&ﬁ—%@—-&g** R

(one shord ‘oar&gmpn. d.eal
couJ.d nct ﬁer_rpad., o

:’Dli erates with 3&3::;&1' drions &mnac‘f 11, ch}.eude:cmuh;e) irier
B’ultildca t";o vibrating sereen, rolling s tand). The Konesnira mill st
carry & large prcpcr’:‘lou of the grinding, A&ccoriing to thse 1'1;02':9..5" o eX-
changed cn screéen analysis, the ‘814 %2 grinding was the finesd, altheowgh- -
some .course -particles.were present {wibreting screen).. P8Yitz naw recear.o,{ '
nlscea. a gfea&e* load upen 'grinmn{'“b\' ing eazznﬂ Jhe TRrough it | Forel SRR AT .
grinding has deteriorsted. PElitZ.and &l senberz wish egain to excHanze il

. foreation on sereen enatysis (offes _og_.n,au;g,sh_i’en;. Thore were no d4iBazrce-

.ments on the screen analysis methols

‘iz coal g,ri.,.a ng:

3 B&ttner driers (1 nev), a *ou th drier is intsnded, The intaks ooal
contains g HoO, the outlet coal. 2.5%. The cireuletion gas pn‘cerg'at PRGN
leaves at 101 -‘070 The circul=iion gas contains )§ Cp and ’,o CO5. - Thes
obaervati ion. naz_o.een Tocorqed t.hs.y, tke arms oi‘ t e x:n“ zor drier broke Ffra_
qué:;tly . S

—_ -

. After drylng, the coal with about 20% coarser than 1.0-1.2 mm

at a2 semperature cf-95% with an =air dlest through Falier pummps. ‘he
*‘es“ dve ¢f the vibrasting screens iz fed inde the roller stends (abs.
m;, - Four comvimnations ers a% present in use, with 2 new ones in .’nc uO""Sm

of consmc&iwr\me_nmcoa.‘ zf'a.‘ls

‘I'he diffe*ence betveen the two igsuallaf'ions ig ;ilurtra‘-‘ed in the 64f~
ferert amounts of tho "spri ezkorn“ gcreencd out in front of the prmte pumpes .

e e e

: senbsrg,, 6 atal?z - Leo :,;‘.153!
P8litz, % stalls 29,300__3:,216531'




Thege coarsest particles tell us hové#ef nothing about the finenass of
the grind, but the drying of the grind seems to be more effective than. i o
thv_Bruckner driera.'fi e o e et —

Dolit- uaes more Fe&OQGTHQO and Bayer mass (losses after drying)

- . °ol z — Gelsenberg‘

FOSOhD THEO :‘“%‘ l (0 71—.0 2
T '&y‘e‘“ msb -% .-' ; * 209~ : -—T-yhlas:
| ‘Suiftgras, % - 0.3 0.3 I o

, - Pglitz haz found & poorsr uti‘izazion—and hxﬂrogsnat101 whon the iron
sulfate wag reduced from 2,8 to 1., aﬁ? while Gelcenberg lias omitted P2S0y, 78:C
eltogether for two monihs and found the resu_ts %o be. unaffeoted (nrcpanly

becauee of the higher .emoorsturé 25.5 mv, )

riadt Tormation estepao — = ) < 7‘>.~4. ) —

oo ae ———n -

_ - The - thicknesa of ‘she cruzt . 1nc*easea~1n Pol‘ts uowards tho end of tha pro-
" heater. Dr. Wisael has expressed in January-a suspiclon th&f the Baysr mess
' was the cause of the incrusta%icn, -but th has bsen found not to he co.,;wt\-"
(coal catalysts- inthe tar 1liguid phase). The theory developed in. Iméwigh. ¢
hafen several years &go that 33504 i%s responsidble for the crust is now scceopted
" by Dr, Wissel as being the o8t probadls, To f£ind en explanation, bg;tz tgee

going: to 1ntrodaca Feseu directly in%o the convsrter

5). Pasting 011, Tt »~-<,'~ ’7» S S

. Both works add ter 011 in sbout the same proportion of. lOmEO% The T e
Pglit&:pax&ing_nil~con~&iaﬁwgess—eolléz—éﬂ p?—ag~§aew—9%¥&ndusz, -
but peems nevertheless to be gomewhat more viscous thin the Gelgenberg o0iY R
{less middlc 0il andé .vacuum residue)., The ssh content is. higher in Gelaenbe*g

than 4in Politz because of the grester ‘amount of coal utiliyation (60 aga ingd

30$9

6) Precsuro°

P8liﬁz .operates 8t 690 atmﬁ,Gelsenoerg at 710, Aan 1ncroqse of 26 atm,
" has no ef43cu in Gelsenberg. The pressurs appears %o exert 2 mcre prc*ounced
action only in the mhch 15wer pressure repions. :

A“ 7) _yntheeis gau.

Gsrvenberg oPerstes with somewhat more syntheéis gae than PBl'tz, 5“ 600 = i
60 ooo, ‘against 45, ooo~50 0G0 m3/h. -

‘8)° Temnerature» : e L e o RS

Gelsenberg haa trouble in manufacturiny its heavy. 01l and oBerntes a°~?,°5
"V, or sbout . L° i© higher than Pﬁlitz \2593 mv.), . CGelsenberg has obaserved sudden -

,_3 —
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uhe exv9r<9nce *n Leuna and Wesselinpo

Auis,arranyement-is4%ased on

~a). Lutzxsndo*f quu*d Hhaseo _
he“z eﬁi& phase’ cc%chpeuwat Zatzkendors -had-
The uﬁuzkendorf injecticn consists of 3

én coked three times.
sar, aad 7Op return Liow, The cacplvst \Fe—rrude)
Exrerience has shown

v. 2sphals, 20% conl

- 0,5% of *ke‘@resh.oil—fat times on7v 0,34,

the amcunt of ter is reduced to below 20% of ithe ln;ncticn,'whu,_
¢ efficiency begins te arep. The HOLD has ?b-?S” solids, ;°5~1 8% -
, and 1s coTored c’ive color, Liitckendorf has no aversge reccrder,
wamy HOLD 1s oceasionally produced. (vlastic

unexplained reasons, & gunw
“the HOLD- to ——- -

¥s1354 ca”ries
with, 22%

d inAerﬂPF %thVu

elsn

1
e
a

SLLV2ﬁalso h“o coxtn? 1 the kot catvhpot
~and yt~ccuta n3~o*aeuica¢1y no asvhalt
cal cul”*ed

- 775

18-20% zelids,
Fe—grude,
Lilsrranis: —

nly ord
iﬁs tkezv are gerosiuﬁow-ef the datal 73t (” 7-1.0% ¥
S oTE - SETOTITT nrd?m“*r—?-sﬁm——%ﬁf\e&—%:meﬁe—ﬁ&ch—?@ Sn-Id -
““;"’7511«7 is at-presenv uesti g a new hot cavchcon constrhc»lqn_Aor Sual~ _
_of si 21 with S“ans of -—7—mm hokes). HNew PGlitz bot

Viarr e

O ETS

17 AT OO
g, only gas is drawn off,
conc;nsionb.can as yet_

e

resence of 3000 ¥+ 3000 m3 of cold gas
cff., Ho

CO mi-only iiguid is drawn
be. made %bdnt the success of the new design, .
in P8lite thp exhqu. valves oFf

’utzkendor*'as‘wel’
uuv7kenaorf has made some progZress in this res
in which the larze lumpse

-
in
ATAYD

maCl" ’ﬂear
rv'H f‘qo 7;:':'733’ n‘ @"4&___ hd

nave
1utrﬁwLCAns an *nterredia‘e caucanot
o 2 35 , A%@WQ oR _Whi
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: i
{(P8iitz has a similar arrangement in the pféhydrogenation'td prevent -
the platelets of FeS reaching the heat exchangers, with the holes of the

_Screens somewhat smaller than the diameters 0f the small tubed of the heat
.exchangers) . _ co- o v _ .

e
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. btalﬁ l%
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‘Intake Ges
Peeve Gas 7
Gan Outlet
- Cckéd Gaa Convert.. !
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d AT}
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“Thin-paste (42? F}

Thick paste (53p»Fl
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Output:: .
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--watchnot Prod

- e e ———
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2,000
SO 5\1\; i
7,300 ¢
7,700
kLo
2,200

3,000
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- 15 atm.T
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1'-21,000 Li/h

sﬁ 15,000 ¥
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gACOg/}l -~ Gelsenberg ..

EOI--U ) . . 4 -t - N - . N
o : ‘ o . » L .

. S il 1g . Tor COp waehing

- S : i : . during conversio:

e
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Table 111

700 atm'Crude Q*"Sta¢l

et b

PN, TN e e imems i D -_.._—_...__..--_._._ S e e ST

3ubjpot Y . Lsg endorz

RTINS s N
MRl SEE e s -

b ?6 short na,rpins © 27 normal nairpinsg ]
-5 o S - (15 m).
~ 7 coaverters (12 =) :

303 petroleun asphalt | petrol. ‘resid, + HOLD
+20% coal—btar ofl ...t i v T 3.y
“+50% return flow TR

3
1.
r-;.‘-.v.,~ e i, THL v, e

m3/a‘nean chhanged

——— e -

|
|

».m...........J,-w......—...,..,.-....,m-

5 O m3/h nreheated

A A aney
e

9‘o m3 Cold catchpot Teturn °lov
. cat, F
i2 m3 Hot cireuit in preheatkng'

”'Cagélysi; - { Irom. grude . .. - i I on grude—
T S A I ffgbﬁﬁ;fresh eil Ti 1 : reeh 0%l -

L U URUNIY K

Tazperature: L e
~of flue gzas o§  max, 5430
tube walla

]

EIRPD RN PO
)

25,0‘mV:

—

B T YT OV PO,

26 — 28 . 18 - 20
1S 4 1.8 ¢ - T o trace .

olive : L - - - _

50 Vol. % - 3500 U5 ¥01.% ~ 3500

S

. unceritain .
ocouple tled on




T.0.M. Reel 201, U.'S. Bureau of Mines
1tem—27— f ‘Hydro., Demon. Plant Div.
. Prames 624, 63G, : e
o e July 26, 1940 .

" 'Comparisch of Costs of 7019, 5053 and 6434 Stalls

- In a cos® investigatidn made recently,, a mpor_phqse_ZO].S sta.ll wad
estimpied %o cost some B 200,000 moze than t.h: sperags costs of 5058 and
61+3h s»allsq : . A .

o v _ The preheauere nIay a major Tole in the 1nc ~espe in costs, and the o
T L T ‘*pmeent—%nves-t—i-gs%—ren i—a——%e—a—ga’eat—ex—tea% lfcmi—ted—to—th&_diﬁerences 45 .
T preheafrlng S , - . LTI I

_ , Ta.b}.a z gives the data necessary for t.he preﬁeater comnuf.a*lona taknn )
* from the Nordstern flow echemec together with the corresponding values for
one three~converter 7019 stall. Six such 7019 stalls produce the same
amount-of-gasoline as 3 thres—czonverter 5058 steils + 3 two-converter 614311» -
stalls, namely 36’ te/h, and-1%t means therefore, that the 7019 preheating "~ "
is comnarab]:e mh-the‘—@f*mbin&tion of - the two abdove- systems., I% may, how-
evenr_.bem:.oned,in_paaning,_that the. compari gon is bound to come out
unfavorabls *o JC19, if 2 three-converter 643k stal}.s Do prov* ced instead'\ '
of the 3 two- converter 61-!—21% stalls. ") - . - :

Table II ccntaine th?r heata . of reactions \fhi:ch have teen d.etermir’ed »
~—1n_the ‘Scholven 5058 and 6181& stalls; . the values found in- Nordstern .were
similar,. but have not. wyetJem de..emined_a»mzrat;e;;;,ﬁ_?te_mav tllgrefor;
~aesume,. tha.t . : _ T‘

-

._ the heat of reaction for the gasaline -oroduction nver the 7018

S N _ o

catalyoz 48 equal to”:. kg‘"“gascl ne ove‘r 5058-# 643l eatalyats -

: Wﬂumﬁﬁi@ﬁ:ﬁ?ﬁﬁm&f@ g’asol'»ne, we may calculate ! 114-'{ . B
. kea:lfl kg n,jec*ion, *y for tne heat of the ‘reaction over the 7&19 cata~— o =
1yst. - ] _ R .

.sbrer—‘—l—atw-gtverthm;t t:tenrpemzures,:&n—_obtained_du:in&
- Tegular operations with 5058 and 6434, while for 7019 the results ob’airrad .
operating with —»he highest press‘u.reso —vi ) ;.. -

: The follow ng operating-data already reco'ded 1n uables I and 11 w<11 o
greatly a!'fect ’he size of the nreheater* T i
5058 5u3u ‘019

Gesoline concentration in the _eatchpot, % 30 - 65 - 45 L #
—or Tor 1n3ection/te gasoline : . lach 1.7 Mas oo R

.Temperaturo Junm in the cata..yst o -%00 15 15

Outlet ?em}bﬁrature in the prehe_ater' ' R 17 W - S

'} Gagoline produced from 5058 ¢ 643: 0.3 kgfli
Gaszoline produced from- 7019 - 0.5 kg/li

- " %) Confirmed in Scholven—to Be 150 keal/kg injection ~




Al of these %three meesures act unfavorably on the degsign of the
7018 preheeter. The combined acticn is shown in Tadle III. The 5068
8t8]l1 works self sustaining, because of the high ‘cemnerature Jump fa.
_the.catalyst as well as because of the high heat of uhe reaction, 8s &8 ... .
~Tesult of which sn electric prehesteris sufficient, 5434 end 7019—"6-_—
,ou* re gas heated preheaters. Computationb show thet the F019 requires:
veral times the suzfece of the 6L3Y preteater (350%) ceoused by the
e;pate* ‘heat value (see above) -and-the smsller sversge  temperature — -
difTerence of the feed and the ‘eirculation gas, and hegause the upper
~1imit of the.,flue gas inlet- tempsrayure with respect tc the product

ard the High pressurs feed will be £00°, while the outlet tempe*a.ture- T

“of the circulation gas, in ..onziderat-lon %o the "t::!.«:m'e:re nust be & 500°
€. Should the necessary heating surface be referred to—the aame produc-
tica of ga.aoginep a-—fonr-fold increase in the prehvater sw'fa.ce ‘will be&

2 e ot €7

rec i‘ed _ e ‘ - -
. ~ '
© -~ _. . We have coun»ed in the past on a small increzse in. the TOl9 pro—
_hepter with circulation gas temperatures’balo¥# 5600, and this-requirsd
~ too ‘ierge s preheater, egpecially to’ serve a four-converter sta.‘.l and .
8531l 1arger throughputs. S

- Per the sake of complsteness» table 1¥ shows the heat flow- diagrama
.and the hesct balances; they agiin-show; - that the -J019-requirew about U
‘times grezter amgunt of heat per tonne gasolineq - than when 5058 9—6143?4
il QT8 ased . _ ) L .

'Sﬁeraé;"gﬁL_ S

e

Ces - —— v R

li“ﬁ. i.arger ,"e*tu"n flcugci wla : ST .’_"

"} Smaller ..emperature *)unzp in the cstalyat

3} Higher outle?- tempera%u"e from the pro.}re&ber~ - e

| ';'Vf‘l‘kxer—.able below shows the 1ncreasad ecet of the ?019 p"'en,eater in 7':'j L
comyari son with an average costs of the )95& a...d%l-%lr pr.l'nseters:“ T

- ,-5058.' 61;51; - 7019+
Fumber of hai':pinn . R ' 16

 Material ' -~ ¥10 hS,_ - K8V .

fost of-1-hairpin ' ‘ w eoe ;ro‘,eee_. :

- “Compiote preheater {incl.. ‘blowers o

with 5058 and 6434L) . 170,000 3303000 - 3o, ooo
Ezcess price-ocf=a 7019 prehedter =~ T - :
,,*a.gainst“the average of 5058 % 57434

~ pren) . o= o -
-Excess of cost of a 7019 preh:aater
over the 5058 or 6434 prehezters,

" caused” Yy higher. quality tu’be and

L conneotion mteriell—

Total exceaa cost of a '[019 preheater

T"xe TOHprsheabe‘-—requires also a higher expe..d.iturb of heat; namely

dsl () e =K

VR > T, - R IS — LR OAaR L Xegurrremene el —%e




L4

‘made with 5058 ¢ 6h3k,

. This additional heat requirement may be reduced only by the installe-
tion of third heat exchanger, and while this will result in-e emall reduc—
-~ tion -in preheater requirsments, the difference in -the installation cosis - -
© will be iacreased to 320,000 BM, . _ S .
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HE&TS 03' BE&GTIOBS

ound in Sc.holven stalls for 5058 and 614314

S I SRR '59531“:7 ey

Kcal/'te Injection R ‘-350" N 1)40 f?)

Is:g gasol:.ne formed/kg 1nJection (table 1) R o T 2 © 0.6

kc&l{kggasoline formed .' e R 1160 %*-4'*-“‘?33

' Percent gaso}.ine nroductibn ',___ S 2.5 - 57,5

kca;/kg gasoline. xome.d | R o '6'25,

‘“Heat of reaction per kg of gasoline over_ ?019 shoulé: . be the o
same ae"’”c‘alcxﬂited over 5058 £ 643k, -

- ,..: - o - 70:9-
keelfkg gasoltne fomed - - 762}5

-3

kcal/kg 1n.jection

L f,,,’l‘emperatures

Iulet ‘ converter 1.0 G

| ST Ontlet lut convertezap Qg

'I‘emperature :}mnp 4n the catalyz;u_




Tadle IIX

Si2BS OF PREHEATERS OF( THE STALLS

5058 - uss . 7015

"SIl equipment ~3 comv.;2 heat 2 comv., 2 Heat 3 comvi; 2 hesi
T —exch; 1 el.pre- &exch., 1 gas exéh., 1 288
~o. . o ‘heater _ preheatar ' preheater

<

Phruput uhru atall b—— - ——e 119  k :f C5 5

s tnlet” ‘“j>*:ff*'j  -}:5-5’“" . V:TT’“ T e ~»7A171f —ke

Heat velue kcallh : .l?~200
Temperature ﬂiagm T ,Ebegtric preheat-—
er 1n\operatian
Preneater inlet. .
.. = convertar. inlet I

Beat-'to be aupp}ied—kca%/h -

_Avgr temn a- ffe,;, . °‘c'

- 7019 preheater sulrface0
_assuming 613»374 preheater o o ‘ . o -
surface = 100 ma m2 e 100  100x1300000 120 = %
: ' B 70000 - - 70

| (,3.0‘7 refe_rred to the
gasoline production
of the 6W3L stall.




~Table IV

-

HEAT H’..OW D.AW AND nm'r BAI.&B’G.E 0]? VAPOR PHASE STAILLS

- 5088
Heat flow dxaém EEUUENN R
for1 stall e

~

" heat-of reaction kcal/h 5 »000,0C0

heat—excnangez-___ B

heating T kcal/h ‘5.,800 OOO

heatin,g in pre_ 0 v 3

Radiation ,'"”ﬂ~ kcal/h "=oo 000 -

Cocler locaes

- Eeat to 'be aadded
per. 1 te ga.aoline—

Lcal/h 5b§oo ooo,»

e s

3,700,000

13,100,000.
1,400,000 -
60b0600

4,500,000

zsh 000

S \,_kca.l/'te gas.

'“““"“Do “Tor 5058 + 633&




» .}, Reel 130 U. S, Bureau ox'uingg e
gr? 762-??71 Hydroo Demon. Plant. Di‘%‘f‘”
Braun/jw :

_ f}Tabstrac£~o£;Rapozt_gni;5;_;_ B
Advancés in Ueééuring, Régulatien,_

and_Auzomutic COntzoL oi_ngratioas 1n

High Pressnre Plants

Tem erature Leasurements* fﬁlﬂ.~3"”

l)° Increase in aacaracy—of measurementa.“;j

T -

a) - By counter-connecfing a- constant :
tension (potential }

b} = Using resistance thermometers. _

' 52).' Increase in speea of measurements.

3).-—Automatic temnerature control

B. '*Mu%rmmm:f
measurements.- S B :

‘l). :Eressu"e-measurement;i~:;:;;h;j”

| a) Increase gn life (3pring mano-'
- '—meter} .

b} - Increase 111 aecuracy (mn‘- R
manometer) A

,WwDiffe:ential Pressure_ﬁeagurement;

). 09pau&levelumsa.uzement

4::w——ff—~—ﬁxnﬂnrﬁhﬂmﬁfrmasureméﬁt;:;;;f?*fJﬁ'f‘




A TELIPER&TUR...So S

A number of disauvantages are inherent in the simpile me;hod
of Getermining temosratures in high pressure converters, consist-
- —Ing of & thermoelsdment and 2 nigh-onm’ -milliampmeter.”~The most -
- ,ebmno*taa$ oﬁ_ﬁhese:epe_the_1cngﬂxemeﬂnequized_to_aﬁgust_the in-
_strumént and the dependence of the instrument<Fecording on the
resistance of -the thermoelemert and its 2qualizing lines, Also,
the rather coarse divisions of thr ke scale,.intervals of 0.5 mv, -
-carzesuonding,epproximately to- 10°C; 1léaves much tovbewaesired
since;—at best, it permits only an estlmate of the tenthe nv? s,_.
which does ot give us an accurate measurement to0.29 C. But even
~ this imperfect measuring accuracy can-bve achieved . only by proper
_ callbratlion thru an increase in the meusuring accuracy-near the
preferred values at tke exoense of the _mean. e*'ror° .

! --

l)o, Inc ease in uccuracy of Deasurement

if a part of the tension delivered by the thenmoelement im.
suppressed by an accurately -constant counter-tension of knowd ~ -

- value, only the difference reaches the mv meter, whose measuring .~

. Tange ¢an now. be shnosen co”respondingly Emaller, . In +hls menner,

--the measuring accuracy may.be increased by one- dectmal,ﬂso that '
the tenthsfmill;volte ‘which could only be _estimated- in- the . ..
primitive-methed, can "be. feaa withfessurance and the temperatures

saccura eiy measured to-o 5

The counter-tension, on whose constancy the greatest aemands
s=-magt- be made; because 1t may not Tluctuate more than-a- few hundred-'
o ths. mv’s,‘ean be taken from a lezd collector’(Bleisammlex} hz: L
L. ..~ caTeful at$ention. liore. aporopr;a;e . howsver, is a source of
" - Tconstant tension fed from the a.C, ¢ rcuit, which, with the aid
- . - of & transformer, equalizifig-tube, hydrogen ferride lamp and— .

stablXiivolt lamp, delivers-a highly sensitive conastaans tension,n_
Co=F'even - ageinst 1ine fluctaations, of which a correspondingly e
“‘smaller nortion can be used as counter-tensiO¢g .- ,

S Platinum reoistance thermometers‘have been instailed at all -
“-important points. They constitute an“Itprovement in measuring -
.acecuracy, compared to-the former method of the same magnitude
‘as- the use ot counter-tension. ' T - ’ . T

Z}b Increase in geed of Leasurements.

*WfATo eliminate—the*:eaknesves‘o°~the prtmitive—measuring method
the long adjusting time zand ‘dependence on the resistance of -the
thermoelement, a currentless measuring orocess or compensation -
(pnotolectriof methcd was introdnced The principle iS’th-u,

_with the aid of a current,Aequal to the unknown *tension %o e
" measured. The equality of the two tensions m2y -be recognized’
by the fact that no. curreny flows thru a highly sensitive galvan-

ome&ex_measuzing_their—_di fferTence T




' In colnectfon with the photoeleciric celil compensator attention
is. again cailed to the possiblllty of partially suppressing the
_ thermzl tsmsion—by-a-counter—asting-counst emergency tension.
aTﬁe:éHms:Hpjéfétus*can-deliverfthfsw%ens%ongx It is-only necessary -
to replate the thermoelement by a standard element, whose tension
at no current 1is reliadbly constant over a long period. The com-
bination of these-tiwo-devices, that is, +the use of the counter-
tension,and‘the,phgtoelectzicfcellvcompénsator,\representsithe
.. mos%v recent;mqgggriggumethéd,'whichvis'able{to meet all operating -
~ —reguiremernts. - S S AL DI ST

3). Audtomatic Indicationfbf-Da@gerousij.ﬁigthéﬁﬁgraturegjifV;

e Because of the large number.-of thermoelemerts and the scar-.
.eity of operating personnel, the convertexr temperatures are ofien
read too infrequently.: The interval between readings may b8 80
great-that under unfavorabie—conditions the converter temp. may
have reached excessive figures,; decause in a period of . only 2
minates the temp. at any measuring poirt may have ‘increased b¥ -

-~ 1 mv, that is, about 20 . A further. increases in the edjusting
-“Bpegsd-cf the Iecor ing instrument would mot help much because
r;tnggﬁ-§5tcnd3;requ{re&ﬁrepresentithe”limit»of the operators - - :

" effsrt. _This problem was solved by & device which contacts ons . - o
~gconverter element after another at regulaer intervals of 5 seconds -
and notifies the operator oi any excess temp._ by accoustical

‘and optical alarm signals. " This device consists of a revolving. .
time switcih with-24 measuring poinis, whieh contacts each successive
‘ element at intervals of 5 seconds. A photoelectric cell compen~ .
sator with =, small measuring range, {2 m#), and a small regulator
. gerving.as elarm apparatus are added to this device. #s_previously
expleined, the thermal temnsion 1is suppressed by-a-counter-tension
- to about l-mv. > If the indicator om the "small .regulator passes -~ -
", .=. _thne predetermined danger point an accoustical alarm is set off and
‘ signal 1light goes ‘on. The Trevolving awitoh is held a% the critical™"
_peint so thatthe operator can read the Indiczting instrument. -
He can, at the same time, contact any other element at.will for
- gontrol: purposes. By pushing a button the tihe switch may again
- be sst in motion. . - T T LT T ' C 3

' B. . ERESSURE ..ND DIFFERENTIAL PRESSURE LE\SURGMENTS

... 1). pressure Licasursment e

N X .

i ‘a). - SbFiag lamometer

e . _ Until recently the-1life of high- pressure mano-
" meters was very low.- Leaks or eyem~breaking o the “Becurdon-springs
- were frequent. -The introduction of the so _called safety spring
_ brought considerabIé-impvaement;fwThefneW"spring is iongezr than—
'~~themregn1&rvBonr§onmSQringfandﬁiswspizallysspund_ﬁormmounting in
- the manomster-housing. Because of the small mechanical load, its
~1life_is much longer. .. : il B : ‘ S

— T




~~ ¢can be- corrected by proper measures. - o

T). -~ Pistorn lisnomater:

- L.ow Because of the importance. of-after-calidration of

.~ the spring manometer, platon manometers were developed by Oppau,
whose power is derived from springs, Fig:- 4, Betr.-Kontrolle - .
1284, {not evaillable), shows such an instrument with o measuring.

range-up to 1000 atm.  Counter-welghts up $6 650 atm. permis a
much more accurate measuring of absolute pressure than is possivie.

‘with other apparatus. For example, by using e measuring range
of £50-750 atmtjaﬁ’oDeratinglp:éssare,of 700_atm,ican>p¢igeasured

- 7

- —within a fractiog of 1 atm. R e

2)., Differential Pressurs Measurement: '_  ~~1T¢“_; N

o el N e

ST Fig. 5, Betr. Kontr. 1275, {nct availablé), shows a
. plston differential manometer. The genreral introduction:of this .
""='rellable instrumeat permits us to measure the pressure. drop ‘in-all high
pressure stalls daily .from point to point, so that Irregularities
.caused by clogglng of preheater Tubes.or closing of heat exchangers

e .

- D, LIQUID LEVEL MZiSUREMENT

A .'(Fob.latég;déxsiopmegp341p_this’fieldhsée,T-88),TTTT
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et . Abstract of Report on"'f;
The—Aid of Physical Control of Ooeratlons
in<t e Deve-opment and Operation of Hydrogenation Norks

_f‘ﬁﬂzﬁ‘f'A By P. Gmelin-_eppau
(See also T-88 and’ T-gl)

In 1932 c. Bosch in his Nobel-Lecture based on 20 years
development in synthetic ammonia, has already pointed out the .-
indispensability of physlcal 0perauions-control-ins%ruments for
undisturbsd, regular, and the eforiprofitable operations of '

' high~pressure plants. e - o e

RN Hydrdgenatton plants could-at firsQJ use. the eppau in- )
struments developed for the ammonia process, among Wwhich may ke
mentioned the universal quantity reeorders for pressures to
1000 atm. and almost all ring~gauges using fluid, gds, or vaporous -
--media, which are connected to .our internationally standardized -
nozzles and diaphragms (Blanden) as difrerential pressure recorders.
’ Also redesigned Here the .gas density recorders bssed on the
Bungsen law of- -discharge, which are indispensable for the calcul--
-&tlcn of gas Qﬁantities Trom.the ring-gauge—diagrams._.'

T For feeding'of tcal paste a stroke-speed~recorder was de-:r -
i veloped for _the piston .pumps,"which records the coel- paste delivery--
in mean values. every 3 minutes. A similarfxnstrument was*built T

. for the- "Eckardt” piston oil*meterSrw- SR = B L

[on—— g

2 ‘”‘ee—automatic belt feeder scale develbped by Oppau ror fi‘
fertilizera was redesigned for 2 capacity of 30 T/h foF uniform .
feeding of pulwverized coal.to the pasting oil A smaller type is )

used for reedfﬁg‘catalystA : —_—

- - Since the absclute gas pressurea aza_necessary fer the ac- :
curate calculation of quantities or partial pressurss, they must .
- also be reccrded as accurately as possible., The necessary accuracy
. and pressure safety is attained by improved steel ¢oil spring -
mancmeters as well as by oil lubricated, counterweighted or spring-
loaded,” nistons Constructe& asfaITf*reanal pressure recorders,’
i : LSCO ‘ - 3 msasurements at the
high --solnta pressuree of'hydrogenation plants, even for small
N differential pressures of a few atm., and a rigid control of the
. ,resistances ,o flow particularly~in elogging'at critical_pointa
: ~In ;zsh




, of a eteel coi; springs 15 transferred to a recorder-drum by means
-of a com@reseed<air nozzle over an oti-rilled'U-tube manometer Co

with-float. , B e e e

. —
s -

A Just as lmportant was the adaotation of the- emperatuxe —
‘measurements to the increased demands of - hydrdgenation cogverters,
which demanded a measuring accuracy of & 1-29C at 400-=500°C, as
well as the least possible delay. in recording, These demands -
could be met by the introducticn of a photoelectrically regulated -
Aconnter-zension;uith the_aid_of a. pnoto-electrie cell comeensator.

' For the Hy-Jorks ‘PO1itz and Gelsenberg Onpau developed an
sutomatic—temperature- control-system,- in»which~a motor operated
revolving switch ¢ontacts 60 temperature meésuring points in-2
minutes, in order to record small, though already:dangerous,
temperature. rises, for example, _from- 450-t0 460°C. (See T-9l
for further dEfEII*“br this multi-switch)._”

Particularly-comolex was the 1ntroduction.of automatic~“
: phys*cal gas &nalysis recorders, provided with an alarm and act-
"ing as safety device. " Our old gas-density recorder was- redesigned o
for alternate .connection of 2 gas mixtures.- This double density
recorder takes alternate density samples of the inlet and outiet-
gas of the-reaction converters. The increase in’ density*due to
_vaporization gives the management a clear piciure of- the course -

Cof the—reactionmonfthe—eame di&gram,' S {__“‘_ IR

7 Bur heet- f-reaction<aPparatuS» ”1th‘th°h“the temperature |

: thermo-column or a reeistance-thermome$er, also proved to be a
useful safety-gauge- for registering trates of oxygen in various
gas mixtures.or of earbo-nydrates such as butan in air. .

Politz;also uses the magnetic oxygen-recorder developed at.
‘Oppau for recording Os-content down™to 0.01%-in any gas mixture.
. This recording ie.aoplicable to any Op-content of multiple gas -
“mixtures, without-the ald of troublesome specific reagtions, by

using.-the exceptionally high magnetic. susceptibility of 05,
compered with.all other gases (exceot NO), in—the following manner:

_ _Ihe_ogzcominhwmiztune is_passed between the poles of
a powerful elecotro-magnet over a differential resistance thermo-
meter, which is not influenced without a magnetic field or with-
ocut the presence of 0o, and which -has no currént flowing thru its
- bridge connectlons. If 037 is preaent. it will be drawn to the
“points of greatest field strength, due to its high susceptibility

in the purposely unhomogenously created magnetic fleld, that is,

'W;“““?"a“magneticﬁwtnd“te—created3-cooiing—the—reeistence—%hermome%er
- on one side,. thereby causino a deflection which 1is recorded

_.> e ——— - P

This magnetic errecorder is being rebuilt for a ourrentless _j‘.
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For recording the .smallesd dangerous traceo of -HsS.and, im-

“*-certain ges mixtures, of‘higner contents. of CO, Op and organic

 and - 0-15 respectively mg/m Hés in the rich, poor‘and hy-gasess

gases, such as the chemically difficuls to ho¢d c3 fb‘ certaln.

ié§f§1ystsh-for~examp&e—2ﬁ—sp%%%%i§g;§Iantsn-otae xethodsémyt4u>

These weres f£irst tried out for the determination of O- 250

be fcundos

. The determinzticn succeeded by means of recording the change in

”“”used in the presenc

;'conductivity, eitner of bromine water or-of Cd—ﬂh oride. solution
:which apceazs wthen thHe. bas mizture 0 _be analyzed is absed.through

gll device schematically, ~

-_tog@thar with the reaction: equations used. -The sensitivity equals.
'lo-sw for one divislion-of the secaXe 4n the first case, in the :

second case 10-5p S by volume., The second nracess_may also be
gon.unsaturated.hydrOﬁarbons, whlle the Tirst

" i3 aistu.bed bJ hy&*ocyanic acid, NO N33 and_nnsa%urated hYdro- S

—~o@ alternste heating of tle @as_layers, which can be very accurately_;,*f’

has, t%erefore,-manV‘uses; and ts-particula;zy used for.- rstordtng

Manalgzing chamber

2 electronic tubes and rectification. Since the absorption 1s - =
caused only by ths‘rays,/whfﬁh“correspond - to _the characterist v

ﬂcarbchso B _ . e i i PEEE .

e

The flue gas analyzer,;baged on--the re»ording of it° heat
conduotion.properties, could be used for recording =omaw% N " 002

—l

'and HAS partly by the additionvof a littIe absorbing med Lum

16

-¢cf O 5% NE; and of tlhe smasllesy traces. of CC daagerous to- -per- ~.

.scnnel or atalysus in ﬁhe.room.air or pure gas QAxtures, reSpectively. *5;

= In its simoles* fbrm, shown schematically BrE Figo 10 (not
available) the apvaratus consists of 2 Cr-Ni-Coils hedted to e-
red ggawﬁAWhese radiation hedats the gas to be dstermined In- the

mixture; for example CH,, in 2. chambers, througa rock salt : ' .
windws, which permit hfat T | S -~ If the gas- .
“mixturs to be ‘analyzed for 4 1s4passed throu.zh a socalled analyz-,
ing chamber arranged in front 'of the right-hand socalled measuring
chamber, the pure ,-corresponding to the CH;-content s the..

ig the messuring chamber is "nheated less. th&n that

.in the socelled comoarative measuring: chamber ‘supcrimposeéé on the
left. 1In order to measure the extremely small temperature differ-
“ence between the 2 measuriang chambers without being disturbed by
unavoidadlé externsi- temperature-fluctuations, both groups of _
rays transmitted dre 1ntermittently interzupted by a screen, ggpsing

_measured by'a diaphragm condcnser senarating the 2_chamacrs filled
“with CH4 - . T =

" The hollows in the" diaphragms, only aﬁfew-ahousands mm . thick,_v;ﬂ'

*

change ths slectriecal -capacity of the condenser znd-cause alternats
tensions, which are recorded on an -mv meter after amplification by

vibrations of the gas to be measured in the measuring chambers;
chanzing contents of the mixture are without influence on other gases

" 'as long as their infra-red vibrations do not overlap those.of the '

gasfto»be»me&suredo However, this’ difficulty could be overcoms :
by superimposing a filter. chamber._ 1t should be -noted, that the *

~indications for—each“gas are specific, and it is ‘ot necossary to ..




isolate the infra-red bands by spectral decomposition. These
7 . “Instruments are very reljiable, accurate, and have many-uses, .- -
- : Oppau has developed an infra-red speotrograph for use in its _.own
T T thysical laboratory, which will automaticaliy-record an infra-
T red absorption spectrum with constant disjersion  of 25 or 50 a
each Ly, as desired, between-l and 14 Ky-wave ength, 4n such a-,~— .
manner thet- the -ordinate directty indicates the % abscrption.. - '

The. use ‘of Pyrecordings by ieans-6f'éntimong.electrodes.to;ﬁ;;

- conmtrol the alkall liquor, may be-mentioned; as well as the o
~ —frequent use of automatic de-sanding for the prevention of Kaviar- -
- “forgpation in the converters, and many others. - . = . S

- Flg. 14 shows:in tabuldar form the extent of the use of =~ . = .
operating control devices in one of the larger Hy-works. Fig. 15
- .  represents a synopsis of-the total use of ‘automatic analyzing de- -
.....vices and the principal prgSsure-andg&ifferenti&lipressure recorders -
in a Hy-werks7 ~ Fig. 16 shows a liquid-phase stall #1th the most .

impcbﬁﬁnt'cbntroi—ﬁevices—cf—giIwkipds;j_
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o ... . Abstract of .. T . . -
. Remarks About :ateriélsfiﬁ.ﬁydrqgenationfang<:
: - - . Their Supply by Steelworks. e

— materfais_TgstiﬁgfDi#iSidn:me‘ésﬂbctlfiéﬁgi?§§-Di;“1ng; Q;Egggiifr_’

u,Q;Qi;,,5Qhaxacjgzishic;cf_:ha_questiogsf;a;seé;byethe—ﬁéicrialmﬁﬁ‘”w_
- _demands of hydrogenation: works and thelr supply by steel works .
are the special conditions imposed by the industry. aAmong these
are the high total pressﬁre)_the-partial_hydrogenapressure,'and’** L
- the;hiéh»temper&turejfali%¢f~whichidtfféf'materiaxlyifrom the' L s
7 high pressure ccnstrggtion”previously;develéped;for,theﬂiro&uctionf‘,ffz
- of tIm nitrogen. .::1s0, the cheapest posslble materials, for. = =
- example, low-alloy steels, which could be .elaborated in a rational
. manner, had to be _used. 4ar conditions also demanded that the. —
<-alloy content of steels be held to a minimum. Unusually large . =~ "~
1pihpes;p08§§,thegqﬁesrion;of_ugxkaﬁilityiofgthe'matgrials[agd;;“ =t
" _the methods- of fabrication. ' This is particularly applicable to NI
' he jackets of high pressure vessels, for which large units were
sired, as well as to seamless tubes. The number-of suppliers;
- 7-who could satlsfy the SpéeialArequirémsnts;‘hadato;pg increased in
© . the courss of “time, %o _assure a-sound basis for the safe and con~-
- - ~‘tinued expansion of hydrogenation works. .In recent years, French _-
7. #orks, particularly Schneider-Creusot; and-a-aumber ‘of works from~ -
- ~the.Eas;ihave;béénldrawn;upbﬁ;;fTogequip”gpemsteel.wqug,forwour'_ e
demagds5ﬂaszh@de-possible‘By~mgnyjeXpeiimentsjlclése_fgmixi&rity'
: wtthf??bﬁﬁétiondprocgssgs-and_fabrieation,methods, and: thorough _
'testing‘0f“€he‘finished'produCtéaby the most modern methods.: ‘imong.
\ .;ppheps,,the,agsurance of avoiding the mistake of one-material for - .
"”Zlanother*bécdgsemqfitggﬁdgpggpg}gmp;ied thérein, requires careful- _-
consideratiomn.” -. T T T T TRT LT ,

m——

— o :”ﬂFirst—tofbe-mentionqg'of.thg;gonstruction“élements is in the. .7 . -
~ome T Tseamless tube of alloyed steel., Close cooperation between steel =
: ' Wworks and tube mill on questions of billet preparation, rolling-of. - -
tubes, as.well as heat treatment .and -control methods is essential,

. Besldes the high pressure tubes proper, the long heat exchanger.

. tubes:pazticularlywrequired:the_sblug;gg:bf;éxttagrdiqarynfabzioe‘

—T - ation difficulties: - S T R

e e ST

SEESEEE -The large jeckets and”the;ggrts"gglonging*tb”théh"ﬁiacgd
-8pecial demands on metallurgy, forging, pressing, rol¥fing and heat .-
treating, since.- verltable gilants of the~fdrgingsggggg~&ndfingot§mggwgh;i;;
o ; % < F- Bo% oyed -material-were—dnvslved. -1t 7as & notable

— “'step forward when the former Iinei:ﬁﬁﬁéﬂsf7tﬁ§ h1gh,p:essdrewcoﬁgf/

" 'verter was abandoned. - The recentlz"ejg;gpeﬁfmétggg;g;?pnilg1ngﬂéfﬁgv;ﬁﬁ,

T Yessels or multiple parts, particularly hlah sressure vessels with




~>J“

5 o spiraiiy -wound 8vrips,- ol Tersd oSher new prodlems.  Ver

;a; 22 angd’ iong core tubes of aiioyed -material were to te built
wi%houu Torzing presses and other. eﬁpensive equipment, yet with
great preulsion in dim.ensions° ) _

]

o .
- — E

T TIn comnes
- progress made in weiding-shouldﬁbe*mantiﬂned Htghfpressure—tubes

and j%ckets of rolled -plates up to 130 .mm thiek and nearly. 100
kg/mmc cold strength are continucusly welded. I. G. workshops led
the fielad in_bntt Tusion~-weidlng of large -cross-sections. of alloxed
.~ materials. The suctessful welding of special alloy tube steslis of -
. heavy_wall thickneSs made the construction of large tubuiar appara-
- %us and the layirg of long p*oelines without flange connect;ons

aossible, , Ef_ - )

‘;;-“"Tbe develooment o? high pressure. machines and the aosolute
-~control of the matezials for their constituent parts represents a’
apecial fieid: Unusuel demands are made by parts which are subject
t0 pulsating inner pressure, such as pump bQﬁies for 700 atms, ~ °
~decompression maEcnine - cylinders and, in part, also the-last stages
of compressors. These reguired forgings as. free as possible ol
matorial-ﬁoosening, laking or flaws_in structure.;v' - o
A If the ,articalar demands on use- characteristics are. summar
”ized we may distinguish betweeén mechanical ind chemical require- :
’ ments. of the sum total of chemical-effects on materlals “thei -

irnifiuence of igk pressur° hydroged at high- Semperature and that .
_of hyd&ogen—sulfide are most important. The effect of c¢hlo R

and emmonie ¢deserve: cnly gecondary consideration.-..-Besides complete
.-~ ‘impervigusness; by avoiding disturbing local flaws, the demands o
—_ .—-on the machan*cal propertiez are. characterizedfby_high ‘strength, ™
_%;“Dartfcularly At high~tempe£a»ure3,mand_goodﬁductility*wizhouz__
- particular tendency to -brittleness -under heat. Knowledge of heat _
resistance was very meager before hydrogenation.—%ﬁowever many -
~experiments. heve been mide 'in the past 15 years, which po*nted to - _
the fratigue-esiastic strength - (Dauerstandfestigkeit) as . the character- -
'*ﬁ"ifﬁge -evaluation. ~The fatigue elastic strength or.créep strengfth - -
____"of sbteels hes beenfstoadily inoreased in the .course of time, It -was
repeatedly shown that distinctly long period experiments c¢an not be
. dispensed with in determining the time~dependence of the breaking .

. strength fuitimate strength) and the resistance to deformation. .

- The bdbreaks on-long-period loading at high téemperature my be char-
acterized as deformation-poor grain-limit dbreaks. It was shown @
that the effect of high pressurs hydrogen must alsobe considered in
the ‘durability, so that in an apparent hydrogen attack, seemingly -
more of a physical than”a ¢éhemtecal nature ‘below the’ pressure—dependent
decarbonization temperature, the time elastic" strength (Zeitstand-

- - Pegtigkeit)-1s below that ‘under- purely mechanical loading, -that is,

-'without the effect of highfpressure»hydrogen.a (See also T-94)

, 4'f?%~wore*ena§ie&‘to“66ﬁb&t:hyarogen:§ﬁITIaé attacks,mpartly by
the_use of _proper corrosion-resistant materials, partly by a ks
division orf- thﬁ—problem/tﬁ*such-a'manner tha%“the besic material - .

*h&s—fhefrequir*ﬁ'mechanicéi prooertié%*ﬁnd_is‘hydrogenaresistant*“*‘— -

e




while the- sul:ide-;ormation is suporess a- by surface prot ction.
Among materials with hisgk heat resistance. at distinetly favorable
- —%%me-e}ee%%e~e%reag%h——simp%e—hea%—%ee&%mea%—aaa—h%gh—eerres"“’
__.. resistance 18-8-Cr-Ni steel déserves first mention. These epeoiwl
“alloys were first used in hydrogenation at continuous high ..
- -temperatures, which- -requirements—exceed those pf the grain-deoay
- s%ability in welding Jhen 700 atm. preheaters were. first: duilt,
"18-8-Cr-ni steels with tungsten and titanium,addiiioﬁ‘proved very
. valuable.: ..The further devsloped lew chromium stecels with the
~ alloy. components: of N6 and N8 materials (chromium, molybdenum,
tungsten, vanadium) were of great significance. However, the
Iimiting temperature of 5609C at which these steels-can-be—used,
: ¥ 1s lower than.that of the 18-8-Cr-Ni stcecls or the austenitic.
“Cr-Mn steels. ~Besides, the properties of thése _dLow_ alloy steels '
- are dependent on a very .elaborate heat treatment. Steeis-éeriving
T ~their special properties from columbium or titanium additions are-
' being tested "but are not. yet ready for e'eneral use._"—eﬂ .

S Jdear 1n ‘tube bende, due to coal paste or<h1gh nydrogen : L
-. pressure at hlgh. temperature; with, in—part, simaltaneous" corrosion, oo
was suocessfulliy - combated by;suitable special ‘materials. -In AR
~other places, wear, due to streng whirls or eddies, was Qountered
with hard alloy liners {tungsten-carbide): “For_the mass pro=- '
duction of highly siressed hydrogen -and: sulfur resistant valve
. . eccnes~{disks), which required great hardness, the autogenous
. hardening -process, not considered feasible for high alloy chrome
‘ ~s$ee1 by -the. steel works at ‘the- time,fdas introduced. L
S The histori&al deveIOpment of high-pressure hydrogen-resist&nt
-8steels-and the protection against hydrogen-sulfide attacks by gal-
vanizing is-discussed in-Dr. Dinklert*s-report of 16 Oct, 1942’”""“
and is, therefore, not taken up here;——(See-T-96%— _
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The Present Statua or Inrestigations oL Attaoka by-Hydrogon
; Upon Non-Loaded Test Pieces, As affected by Hydrogen _
?resaure, the Duration of theExperiment. and the. ..
Hardening State or the Material :

o

W{Z w‘>_Leuna, Ap£1114.;1944

—

. “”*‘Earlier experiments—on resigtance of ateels to hydrogon- e
_used in the ammonia works and the hydrogenation plant, performed - -
. =.1926 - 1932, eetablished the faot that all steels. containing 3%

. chromium and over, even with no a@ditions of Mo, W or V, were

" pegistant to hydrogen up to + 600° C. These tests were run on.

‘unstressed test pleces-and under pressure of 200-atm of -hydrogen
and lasted 144 hours. A con¢lusion whether.-the-material was :
fuaztocted_by_hydrogan*or not was. even theR primarily drawn rrom—“ -

. thes contraction. Any rednction.ln contraotlon 1ndioated tha

etrects ot hydrogen;, , . . .

Lf—v The axperiments were extended in 1938 - 9 o 650 and 700 atm  ¢f

- pressure, and the lengtn of the test 1ncreased to 200 hours. -
These experiments were performed. at -56C° ¢ on N10,-the peak pre~
-.heater material for the hydrogenation-preheater halrpins.—la- "~
one partlcular cagse the composition of the N10O material was: —— e

-0.17% C, 2.86% Cr, 0.30% Mo, O. 63%‘W and 0.94% V. ‘and- the tests
were—prolonsed to 1000 hours at 560° C. All these-teats showed _ . _
‘a satisfactory resistance of- N1O to hydrogen at §60° C. The - _°

‘small differences in contraction- of -the rods only 5.5 mm thick -

before and after the- hydrogen treatment were conaidarec;normal IR

wvvarlations of . results,__-,, S S -

-~ - These resulta are 1n agreement wzth information found 1n
- literature. 'The most important work in this field 1s-that of
F. K. Naumann: "Bestandigkeit von Stahl gegen Wasseratoff unter
- —~hohen -Druok®,—8tahl und-Eisen, 1938, p. 1259, and hasg ] been per-
. ~forme&-in the testing laboratories. or the rlrm -Fr. Krupp, in
Essen. Fig 1 is a reproductlon of the experiment results with a

- gteel containing Q.2§p C and 3% °Cr under 200 atm and after 100
15 shows thut s suesl was resisuans

 hours st abuve EO0C G. _

. urdes such conditions, and they show also, that the max. effect - -
-- 18 at a lowsx temperature when ‘the pressure 1s railsed to. 700 atm,-'
However, the difference at ths-lower temperatures ‘o8 .-not large.

== *“;ﬁﬁibmium—ateels—with
-—-—differenzly at dirrerent temparatures at 200 and 400 atma,_bnt_mww




The
temperature at which hydrogen wasg tound to tegin to attack was
found -to be independent of pressure for the .steels 1nveat1gated,
1f they contained at least 2% Cr (with 0.10-0.15% C, 0.4% Mo,
or 0.23% € and no Mo) was above the temperature in the preheater,

wtube walls in the~hydrogenation workek__,_,_<g.v
e Our own earlier reaulte as well as the ﬁata in literature
T — left® us theretore noﬁgpgpiolons regarding “thie résistance -to
- hyarogen and it.was dssumsd—that all our .llHg-resistant* steels,
,“euch as-N6, N8, N9 and N1O, could be safely expdsed to temperatlures
or the preheater‘tube-wails during the hydrogenation at 700 agtme--. -

Breake ‘which have occured 1n the'hairpins of the Ge;eenberg '
A. G. N10 have caussd us to run numerous additional teats on - ~
- hydrogen resistance -as affected by the length of the test, -the -
- hydrogen pressure and the hardening of theﬁpieoee°~fmost or the-f’
. work was done w1th the peak heatlng materlal, "N1OQ. ]

- mheee testa_have shown that;a knowledge of’ tne chem&oai__f

--‘composition of the steels was not sufficient to judge the hydrogen -

. reslatance of the material. Analysis naturally gives some general
information, but there are indiviﬁual_teet_pieeea_whlgh_exhibitea
an extraordinarily poor Tresistance to hydrogen, without the ° S
analysis giving any reasons-—for- suspecting 1. A dirsct deter~
mingtion only can s1ve 1nform¢tlon on the reeistance to the attaek

by hydrogen..— . .. | | | | _ —

- T : ’ apl

. hxtending the test ttme to 100G hours and longer hae ehown -
;athat 200 hours-were not sufficlent for judgement, that the majorlty
of  teat pleces-Bhowed a~Teduetion in contraction only after 400 =
600 hoursd,. and. edme only -after 1000: hours. _Such i1s not only the' o
. ocase with the normally alloyed N1O, but also- with _higher. alloyaom,_'
. We -have.investigated the resietance to hydrogen of 8 alloys~ . . o
- gimilar to N10-with about 6.5% Cr, and have found €ither no~éhangeh“'””’
"~ in 1000 hours test, or oniy a small reduction in the contraction-"
' which might have .been. explained by a variation oI resulits. Test
pieces- of one of these steels bhave been subjected to further 2000
hour testing,/making a total_of 3000 hours in hydrogen under 700
atm., and a 64% reduction in the contraction from the original
value was obgerved, or definitely a large reduction. We have
accordingly come 0 ‘the conclusion based on our past experiencs,
that from perlitic-ferritic Cr steels with up to 6.5% Cr, such as
- .alone. may be considered in. the. manufacture of heirpinsg, no perfect .
* - hydrogen resistance may be expected.- Phe-destruction .of grain .
" “boundaries 1s merely a matter-of- timeoe We shaIl discuss later the
mecnanIBm Gr_tHIE”ﬁeetruﬁ%tUn. " T ;

Testing the~relationsh1p between the preeeure of hydrogen and
teel 1. , . ‘

"m;pyuaubJeoiingrvarlous eamplee?mwﬁich develhp a etrong reduction in li t;




-

contraction at 560° and 700 atm, also to-—testes-at the same temp
ature, but at 225 atm..sheet 2 ghows the results '

tests on one. sample which was tested for effeets of hydrogen in
relationship to the hardening ang- annealing temperatures. All
samples. show a great difference in ‘behavior at 700 and 225 atm

- even after 200 hour tests, %ng__-the_.dftfgregee- ‘becomes much:greater = -
eSq.

af ter 1000 hours. We expéc

no great effect of pressure neither

- from our oWwn tests nor  from the teats of F. K. Naumann of Krupp, - =
w Teets on the effects of hydrogen at 325 atm upon the N9 steelsg are
- at present .contemplated. _ ‘ . - o ; A

‘investigated next, as mentioned above. - Fij

‘The effect of hardening upon: the actfon by hydrogen was

~ the results obtained in one of our studles glong this line. It

. had less effect with lower and with higher annealing temperatures,
‘and & greater effect at intermediate temperatures of 700--750°, .

shows the reduction in contraction plotted against the annealing

__temperature after different hardening and with different quenching
medla used.(o0ll-and air). The tests have shown- that hydrogen.. . . .. ...]

The drawing shows further, that overheating and over-annealing
(1160°9/3 hours) caused greater attacks by hydrogen than obtained

- 1n 1 hour at the usual temperature of 1050°. C. ioreover, the - SN
increase in the effect with oil annealead samples ig striking, The. -
.curve- ghown-in the- figure is-the normal curve for N10 and has been - -

- reproduced .in: g large number. of cases. -Fig, 3 shows the same - - :
- experiments with a sample the resistance to hydrogen of which wag -’
, - very poor, but -the analysis of the sample ‘gave no reasons to =~
N -expect 1t. ThHe curve is-similar -up to two points to that obtained
Cr e ——with ganpleaiatﬁee%,—?lgz_—z;—b}tﬂhe—e%&cﬁs—%re—m general ——

‘on this willl be given upon the canclusion of-the present tests. e L

greater.-.- o . i

- -

o _ I% 48 however impossible to_draw any conclusion on-the behavior
of the material in hairpins. One needs, “rather=to~know the SR

‘ ;",co_mbined,aer:ﬁ‘.e,ctgamo;::hydrog_em and—%he—hotfoz_-ee’pwmranoe‘fo"' S
evaluate a material for high pressure- work. Additional ianformation .

We may however already state now that the -hot
oil-quenched steel is markedly lower than of .

N

~addition the poorer hydrogen resistance of that

- hardened N10 become nl80: cledrly manifest in the_high e
- ... -%es%s, as_could be anticipated. when -oil-hardened- g uged, . C
~ 8reat attention must be pald to pemwible_?pe&x%eﬁp“eratu;ea.‘ T

- rate in-iron 1s very grezt, and this slow r

- Tne -most i'gport'é.rri_t 'abseﬁét;or;".m&‘e‘f i heége atudles, agid
from the great effect of hydrogen under high pressure, 4s the -

-

maction is -

" Ttherefors difficult 1o explain, were we-to assulis. that the. n
——r——w®hish-dfffuses attacks the oarbi@ss Airectly., On the Othep hangd,

~ the following tansiderations

' material, as already-stated. The distinot-advantages of- thse 'ai_.r‘ ‘

-slowness with which the.reactlon proceeda. Hydrogen 4iffusion ] : T

lead- to 'g-_'?very _g_";_’apm’c—pictnre of .. —— -




-  meg4

e the prooess, and we wlll acoept\itAas a vuide—in our tuture studzeaovm

- - The rate of dirfusion of hydroger 1n the lntergranular space
_is commonly assumed to be about 100 simes greater than shrough
‘the orystallites. The partial’ pressure of hydrouen i3 corres-
pondingly. greater in the grain boundaries. The grain boundary

. materlal exhibits no distinot orystallographlc structure;:and
- -there are many porous 8spots in i%, in which the dscomposition . :

- products formed- by the»interaoxion‘or hydrogen upon. the carbides,
oxides, etc., may be formed-and occluded. -We shall therefore e
firat discuse the interaction of hydrogen &% the grain boundaries,
and any ‘possible acticn of hydrngen upon the. crystal ‘lattice

wzll lert for the present on. of cons >1deration. ,

T . This firat 1nteraot10n ‘of hydrocanﬁwith ateel ‘will be = .
" completed in a short time. Its eff:ct upon the mechanical pro~-
- perties will therefore depend upon the amount of rsactive caro
< bides and other -reactive constituente . present in the grain:
'”bbundarles. Thig conception way explaln why some steels show
-a marked deterioration. in properties azter—a‘rew~haurz—6r—tnta
- action. of hydrogen, while dthars “donot,

o - Thls view polnt will, furthertaxplaln the relatlonshlp be—
';]~-4~~*—*—"*—%waen the— attack;by_hydrogan,and the dagree of hardening of.

_ the material ——

' We now. 1magine-thut after<thio flrst step 1n the inter-
‘aotion iz—completed, a second one. will beglin, which proceeds
. at the characterisgtic slow rate found in. the experiments. - Iron
carbide and other carbides are found in the alloy eteels in . :
finely subdivided form distributed-throughout the o3 oryetéIII%esa
“There ie in addition some definite, though smkall, amount .of - B
carbon.in sclution. in the.cryatallites, ‘in some kind_or eqnili- S
“brium with the carbildes. ~As the grain toundary substance. become
T _more or legs-decarburized, a gertailn; eren'though pmall, drop- - i T
. in concentrationrn will be’ produoed between the- erystallitea and - -
~and the grain boundary material., Carfbon can therefore- diffuse. IR
from the corystallites 1nto the grainrnundary materlial. This. S
‘8low migration of carbon:.must occur at cperating temper“tures,
—and gince the latter 1Is very low for . vhe diffusion -of carbon, =
- the procesh will require-a long time at the. existing difference
of concentrations. As time progresses, more and more carbon
-48 brought %o the grain boundary .%o form hydrocarbons with the -
hydrogen-whlch diffuses in, and which slow magnifiea~the_ :
deetructlen phanomena—wrough%ﬁby—hy' f~] g . —

The oarbon mxsrated from the. crystallites into the grain

f resupplied- from the carbldes, This process, which.is &lso a”ﬂ
dlffuslon_pzoceaa,_nill_alagﬂzgqnlng_a_lons_ilma&\ This con= —




-~ destroyed grain—toundaries, and their hardness in the alloy steels = ]
C may be as great as of the unattacked material, when the hardnessg- T
- e ——0fthe-ferrite is caused to a greater extent by the dissolved . -
, alloy constituents and the Glssolved carbldes, than by the visibly =
~ . separated carbldes. Fig. 4, sheet '™ 3 shows a carbon gteel ... ... ...
‘attacked by hydrogen. It shows clearly. the partigl decomposition = .
——of the carbide constuent cf the pearlite along the grain boundary . = .
.~ producing steadily widening.seams of ferrite. - Fig. 5 shows the =
- . same process in N1O, The microhardness of the white geam along .
.~ . .=~ -the graln boundaries 1s ths same as of the corystallites which .

~8%111 contaln carbides. TR T _ |
_the lower in_the iron

... - The rate of diffusion of carbon 1is : ~ .
= - .., —carblde, and especially so in the special carbides, Lhe more car- .~
- 7#=- bide-formers are present, and.a steel, in agreement with thig- - -

-+ bypothesis, must be the more resistant to hydrogen, the more it
. contains of such glloy congtituents, since they will require

. —-more time for ths later diffueion. - Furthermore, that pearlitic
. 8teel 1g the most Tegsistant to hydrogen, which ‘has the least .- ‘

——amount of unstable carbldei-in-the-grain boundary, and the least -
~dlssolved -carbon-in the ferrite. _An_absolute reslstance oam - . . _
only be expected when the’ solvent power of the ferrite for carbon -

18 equal to ©; —In addition, & steel must-bshave particularly- - - .
favorably with resgpect to ‘hot strength, i.e. block the slip. =~ -
planes with intermetallic compounds instead of- carbides, as it

‘happens in-columbium-alloys, .and which will permit the reduction
of the earbide conteng, - -~ - o T G T

. .A few experiments are being run at present :along. these lines..

T —— s — ——Signature tllegible. —

- ~

1, ‘sheet-3, not reprodgﬂc‘ed: in ths

~--~ ®DPhe. very fine. lglcrog pha
~ translation, ' i R , o
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Pressnre-tight CIOSure for Thermoelements

.WLéuna derke;’14 Jﬁnéle}f'

: Fbr measuring temperatures on the 1nside of high pressure
. hydrogenation equipment, the thermoelements are arranged in a
" pressure-¥ight housing. Should the housing ever leak, due to
failure of the material or to the grinding~action of - high -sand -
“content of the coal paste, the stall is liable to be set-on fire,,”,é
- If, in an installetion protected in this manner, an element-~ e
heusing should leak, the pressure-tight closure at one end of the -
- housing prevents an escape of the gas and product and the stall :
- ocan continue to run without dsnger,., - In the-development of- the— — -
_closure, -particular value was .attached to.a compact construction.-
Sketch Br,. Sk. Me 201/110X shows the-final form of the ‘closure,
. .In a sealing ring for a 30 mm high pressurs tube; 4 steel: -and -4 :
constentan wires are insulated and arrangéd pressure-tight. -  Bach - -
of the3-fillers: has a-different function; The hard-rubber insert S
- takes the surface pressure, the Tubber stopper provides a seal, ~
and the -cast gypsum provides’ protection against heat. should hot —
gas. or product reach the closure in éase of a leaky housing, -The. .
"use of soft rubber is limited to places where- the comtinuous . - - -
- temperature does-not exceed T09°C.. . Therefore, t closure mist— --
- be mounted within 1-<1.5 m of the converter cover. .The>bre,;- --If““”
—$ight thermo-housings_mnst be lengthened- correspondingly.‘ ‘Ap=-_. 7
- other method_of 4installation is shown in Sketch Br.- Sk. Me
—-On the end ©f the theérmo-housing "H"™ is a "I"-45/30 mm. In this
n"T%_a champ-plate "P" is mounted on the clamps of which the trane
‘sition from the poreelain tube insulated wires toc the rubber ,
insulated feeding lines to the pressure tight closure takes plaoe,'»;iu
' The glosures themsélves are arranged on “the ‘erown of the stall, '
veasily—accessibleva}ongside~of‘e&ch—dt‘“ 3 —ofthe -
of the measuring installations with. pressure-tight closurea first
. - - appearing was thit the water -in the thermBhousing,
»—~~bee«n~—there before the: closing or—d: ~ , “would-vapori gnd
the ‘vapor settle on the_clamp plate or the closure damaging the
- insulation. Opening the pressure-relier valve of the.housing—te—-
let water escape brought no 1mprovement -Evacuating the-thermo-
housing before starting//’stall-has proved very successful. Be-
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—after four days of. opsration the water spray pump may again be N
disconnected, since every bit of. moisture has been removed from
the- housings° " During normal- operation each closure 1s shut off
- from the common pressure relief line by a valve. At regular _inter-
- vals of 3 to 6 days the operator checks the .- housing for -tightness .
- by- switching one after another-on.to the relief line provided with
-~ a.manometer. It has been shown. that even-in a perfect-housing &
"little hydrogen will accumulate which has been &iffused through
the wall of. the housing. By regular control and pressure relief :
the pressure of the diffused hydrogen in the thermohousings will
not exceed 5-~10 atm. so that no damage to the iron wires of the )
thermoelement by hydrogen attack has occurred even after S months
" operation. No fire -due to leakage of thermchousings has occurred
- since the introduction of the  pressure-tight closure. . In .all -
cases, the converter could continue operatlng Ji&hout;&n%ezrap%%e
: atter leaks in one of the two thermohousings were indicateda




Y FORCELRIN TUSES——= | COVVERTER .
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. " .. Abstract of Re ort od" . - -
Construct{on LaferiaIs gor H Ero enation. B L
‘ (By Dinkler) - A

. Of the various rroperties demanded of conatruction materials
for hydrogenat‘on only the most—important, namely. hydrqgen-resist~
"~ ance, hydrogen-sulfide-resistance, and Latigue élastic strength
(Deuerstandfestigkeit)_dill bedeartuith.. ,

- Por the first experiments the equi rment was built almost o

1“""exclusivelywof carbon steels for which especial care was uged in -
-melting and -more ‘rigid acceptance tests wefé appllied. However, i
-thals material was nsuallg ‘decarbonized. énd became brittle within
8 few days at 250 to 350°C due toc hydrogen under pressure, so . -
that it would break without deformation, similar to cast iron.
Yorking with this materizl~in the-critical high temperature range
was, therefore, possible only by apgly1no snecial tricRS'of the ,
tradec'" : . T

By~asing.N% material a chrome-nickel steel of about 0. 3 -0, 4% c,

1-1.5% Cr, and. 2.5 to 3% ﬂi the. temperature. 1imit against hydrogen: .
— attack was increased to 425-450 "C, provided the material structure
and workability were.- favorable. <Ctherwise the resistance limit S
would drop to 400°C and, therstor, did-not offer the required opera-“M“
" ting sarety.q_This was followed b “a big increase in—alloy -content,
using the VoA -steel with 18% €r, 8-9% Ni, and about 0.12%.C, .whieh,
---besiﬂos hav%ng good heat resistanoe andwresistanee against hydro--
o . gen attacks, was not attacked by hydrogen-sulfide at normal opera-.
I 2 8 + V4 temperatures. ‘But thls steel was very expenslve an&—offered o
. :__, great—difficulties in the fabrication of thickwalled seamless tubea,
. In addition, on-exposure to ¢orrosive media, to which our acida . -
contalning works-atmosphere belongs, grain: deeomposition would ensue, L
. a condition in which the.- matéfiax”breaks into powder under small r——
' - stresses. "This destruction is due:to tHe faet that the cardon, -
forcibly kept in solution by aquenching in lce water frnmfiroo-laoo°c
13 segregated at 500-600°C on the grain boundaries in-the form of
. chrome-carbides, which causes a local chrome-~deficiency and loaering
of corrosionresistances. By binding the carbon to titanium, tan;aﬁ
~lum or columbium, it 13 possible to produce a VQA gsteel resistant to.
grain deeomposition. y
'~ wilthout the addition or _other comp*gsating metals it rediices the I
. resistance to hydrogen and is also ‘attacked by sulfur, the favorable S
"’f-ehromium‘was combined;aith molybdenum ‘which improves the mechaniecal -~ °




o T-96

oroPerties 1n a manner similar to niékel (O 5% Mo corresponds
to about 2% Ni at 20°C, while at higher temperatures N4 has no
effect but Lo increases the _heat resistance4gppreciably) and is .

'”ﬁz;;—aiso“an effective~cetal?f* v _

 The first steel of. this sort was Krupp P 469, our designation o
Ns with about 0.15-0.2%.¢, 6% Cr, O. -5 Mo and. 0.1-0. 2% V. This o
A steel was hydrogen-resistant at- 600°C éand had sufficient fati
elastic stirength-for the u.sual-press\zresea—nﬂ.—temperatur"es° NG is

';o'_istill used at Leuna in large quantities° Ce ; G eEa

N

. Beeause experience in high pressure “vessel construction had -

shown that-in Cr-No ‘steels ths heat resistarce decreases with -

- chromium contents above about 1%, lower chromium steels than N6 T

_were-tried. These—led to N8 wnfbh with 0.18% ¢, 3% er; 055% W=

0.5 ko and " °1§V had censiderably "highes fatigue elastic strength p

about 18 Kg/mm< at 450°C against 1§ Kg?mm for N6, with about the -~

same’ simple annealing, dnd wasmsomewhat cheaper besides. o
‘*'L“‘“*Arter experiments had indicated consiaerable ad?antages in o

increasing the pressure te‘?QO -atm, “with correspondingly higher

temperatnresflthe demandswon the fatigue elastic strength were again - -

raised.  This led to N10 steel, with 0.18-0.22% C, 2.5-3% Cr, P

-~ 0.35=0.5 Eo, 0.35-0.54, and40,7 0, 5% V. The . difrerence between L
o NS-and N10 1s the higher vanadiam content of the latter, which; T

‘however,—can—bte effectual only if heated to about 1050° C before . - .
: herdenins to..obtain -an extensive~dissolution~of ~the vanadium carbides,
~-which, on later- reheating to- about T00° C,-eegreggne, finely dis-"_ .

persed - and, by blocking the planes of'slipoage ‘increéase the S

heat. resis&ance. .M10 is a dlistinctly hrgh-gr&de~material {its - =

‘heat treated strength &t 90-100 Kg/mm2 18, with _good ductility,

about twice as high as soft annealed )] which.requires extreme care

An hedt treating ang Norkinge ' , o , L

- The development or_sm els for converter Jackets, flanges and
bolts followed the same course as the tube materials, from the;
selected carbon steel to Cr-Ni steel, to Cr=lMo’ steel which, for
“conver ter jaekets, conteins some Ni for metnllurgical reasons._-»

[

T Converter steel Ni:-3% Cr, 0.25% Mo max. 0:8% N1 ‘~—5n;f'

——

Hishest strength flange and bolt steel Ks'-l% Or, l MOo

. - . N5 was used for the bundle tubes of“heat exchangers, while
"converter~liners—and _Individual parts of heat exchangers were of -
. -V2A and 17% chrome steel reSpectively hough—the~latter has sinoe

~been Teplaged by the less brittle 1}p ohrome steel —
- Experiences inLthe eetroleum industry ‘clearly showed the
- destructive- effect-of hydrogen=sulfide on most metals and alloys,
particularly at high temperatures. In-high pressure hydrorenation
s~eeenrrea:due—to—&Eﬁﬁsifien sniftﬁe—erusts I
the Jorkin" of products-containing s T, &5 for instance; “in
13 3 aters. But the problem of sulfur resistant materials
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-———assumed—gaxticularvimpdrt&nce~on the intro' ct&on;oﬁ—e&%a}ys%s

-tatning—su1f
" - -idTorder to increase the 1ife or the cate

3 " In extensive experiments in a speétai,converter, several
hundred materials were tested with products‘containing 1.5-2% ]

- hydrogen sulfide at temperatures of 20 and 25. (millivolts}. These-
~materlals were all of a ferrous base with additions_of chromium, .
nickel,, wolfram,AmoI?bdenum, aluminum, silicon and manganese. In

'vaddition inserts of the most varied compositions_and methods of

_ fabrication, "as well as 1ight metals, wWolfram, molybdenum, silver )
and other metals were tested. The lowest alloy steel with the best

m~hydrcten-sulf1de résistance proved to be the" 13% chrome~ateel N

which, however, was very difficult tofwork into high-pressure tubes

~ at the time. -

',; In rurther tests a brass sample was Installed in conjun]ion
_..with catalyst experiments.. ~Since—this showed no appreciable
“sulfur attack, copper-zinc alloys. of the most varied compositi
were systemaﬁicallg tested for their usabilit.y° _These tests:
~showed the alloy 58-63% copper, the rest zinc, to be. hydrogen-

. —sulfide- proof, while. brass with.?O% ‘copper wes weakly and. tombac - -
" with 80% copper very strongly attacked,.- Of particular interest . -
‘was one test, im which the metal was not cast after melting, but
- in ‘Which the sample was turned from the regulus -solidified in the _
~ crucible, This sample was not attacked at its. upper. end but was:
“-completely converted intd sulfids at ;he lower .end, which,-ifi. a—-

_later analysis, could be attridbuted to segregation in solid:tfication°
The analysis indicated 68% copper at the upper end and 95% of the - - .-
~ ~“lower, so that thé whole alloy .range was contained in this one -
sample., Sinee—copper—isﬂia:gely*destrozgg—by hydrogen-sulfide,
oven at low temperatures, the good resistance of. brass mst have
‘been dde to the zinc' content It seemed’ .proper, therefore, to .
try to.obtain usable alloys by zine additions, even with the low
- ‘resistaent nickel and iron. .The first of such experimental _melts .
~_seemed almost hopeless, because it was almost impossible to mix-
~and _hold -the. zinc in the meit. The bolling point of zine at -
907°C is far below the melting point of mickel at 1452°C and iron -
.. a5.1528%C, and at 1500°C’ the vapor pressure of zinc is about |
- 54 atm, But*aince "anything goes" in.high pressure operations,
_a- Tamann type- coal tube furnace was built into a suitable high-. -
- pressure_ vessel and ‘the melt then.madé at about~66—atm,~nitrogen T
‘pressure. and allowed-to solildify, whereby iron-zinc alloys @p to
50% zinc content were obtained. These samples acted very similar
to the copper=-zinc alloys in the .sulfur attack experiments.. “Whereas
- with nickel_containing 10% zinc the sulfide crust at-25-MV _was :
- 8t%1ll 3.3 'mm, it-decreased to 0,03 mm with 25% zinc., Jith iron
. .an addition ot415% zinc¢ was-enough to obtain complete sulfur--
T " resistance. However, these nickel and iron=zine dlloys are not
~ technically useful, _1n spite—of their high. ‘Tresistance, beeanse .
- they are extraordinarily brittie. and shaning 13 imnossible even

_ hy casting,- R




s Iron-zinc alloys are
ples were. tested, and

_—Since in hot galvamizIne of stes
formed on their surface, galvanized ironm sam

.77 these too were nct a&EQQKQQ_DE;hzdzQ83n:snlﬁids4f;A£tethheseiwf“:;L'
o heat egxchanger with hot. -
a;;eﬁ_inastall“505 ea:1y

'successfulism&ll-scale-experiments, a
galvanized bundle-tubes of N6 was inst
- in 1930, with good results. ., -~ = A :
-~ _However, hot.galvanizing 18 m long heat exchanger tubes =
apor galvanizing, ..
-1 heat ‘exchanger =~ .
»iaced converter in-

- is;v?ry:diffieult;iand.Leunafdeveloped.theﬁy
- based-on,ouriresultsquhichfis~30W‘usedwon ,
- bundletubes, .and which more recently has re
serts of chrome-nickel steel, . : - : T

_ pmenﬁg,corresponded-apprpximately to
the beginnjing bf'tne:wgr.,‘Since“théh,lthe:scarcity of molybdenum,

- Wolfram a d_chromlium compelled us to save shese metals and more - —
extensively;usef&gggdinm;;ganganese:and'silicon-&s;allbying , -
metels. The following table shows a comparison of the most. im- .
portant construction materials between the middle -of 1939 and the ~
middleiof.1942: . . . . T T B T

Théteﬁd-oflﬁhese'QeYe;¢




o — — KIDDLE 193§ — — ETDDLE 1942
»—-——PQ.RPGS’E_'F‘QR—’T:—“VH Tt e o T —_— o
|7 #EICHUSED " pmstomaTioN ANALYSIS DESIGYATIQN ANALYSIS -

BT rz;asggé;g;esé;-' e T o1 ’;ﬁ" gzlsvcr.

'Bundlé-tubeS'- U B .
for, heat exohangers- N5 2.5- T N5C 0.12- 0.18¢ >2_5 cr
d,__dw_T_.A::;;vwéﬁA,A‘—-‘0425—yo——efrzc = oo % V.-

e

‘ Core-tubes for e T e R 15-0,20¢,

dickelofen - R | Max- 0. 15 Vo

-

Tabes for = . - - N8 3 cr, 0.5 to, | NOA 255 e e
} ) . ’ - . OQ_SN’ o ol V“’ Lo T T e T 002-093 v’ o . .
T . ' e ‘ . 0 1.15..0". 20 C R 7' ’ -0 ° 2-25 c ° A o

11£ea and e N9 ~=2,5-2.8.¢r,
. - o S - = o . e 'Qo.a‘o - 3‘ MO, :‘:4—
- ST S T e -“;9q55:m;§§m1; ’
SRR oL T S ﬂ*~;19§D;¢4 C._

! Prqheatefé, - - N L ;L7=}“ﬂ;"*f° N1O Unchanged but—very
T L . - . - restricted in -use,

300-!3"700 atm-'tf$ . E2 TT1.F, 0.2 vo,',’xam |
: T - s T 0.6=0.9 M, T ——
T . L 8323—0 .28 & ;.A_;

‘Flangés & " T - = K3 - 107, 0.5Mo m

s . - A-.qm _J_ 5 Mn With Sio —

K3CV 1 mn, 1 2 Cr,
| 05257 o

X7 a.5wGr <1,2-v
Max. l Mng,

T

r.cgﬁvarter : i ,‘:“J""_‘f"4f:”3 Cr, 0. 25 Mo, *RiA | ﬂall Thicknsss
T s Max, 0.8 N T Cr~ Ni.
, - )80 0. 8 2.3 0. .8 T

,~£2GLQ48»2-5 0 8

- Jackets and;iﬂ.

- Covers .
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‘Baged on these material chgnges the Lollowino relaﬁions extst_
_in a comparison of atloy partc © quiremerts for the high pressure -
- sjalls ofga c¢oal hydrogexnation” works produeing 250~000 T/Ann -auto——- - - =
. 8asoline, between May 'l, 1941, and may 1, 1942 ‘ _

.1-..' S - R o ' Total Requirements - Kg°

Savi;g} - : T RETYtS , 2. 1512
! Cﬁromiumffngid% e 37£§§QA§EIQT""BD7,OOO SR 330'009;7;

Hclybdenum 45% ;lj“ :”16;000ﬁxgﬂiﬂf;.w3§3650 . _“iQ;OOO

v

Aaditional Reqai ehegts:.{_”' e e :
Niekél .. 1% = 7:500 Kg. 68,000 - .- 75,500
Vanadiam  30% 4,800 Ke, 15,700 90,500

I«;;é.nge.nese, ) L o ' . )
abt. '100%.. ° .= 95,000 Kg. %9, 000 -~ 185,600

- 18 ,200,000  © 18,200;000f’

b
7

21’.‘, . - JUU—

. Fer = DHD—plan* for producing 200,000 T/Ann 'DHD (aviation) N
gasoline fho deIowing values-ar° app¢icable for the same time period- -

»fChfdgium( - :g;;;;;;;f 13 300 xso_j 132,390 19,000 -

= msnrasmsmsas,

Nickel §'~  iUO%.w”*Q; = 320 K3°_ . 3?0 L

"olybdenum  ;75$, ”'fﬁ"g,i ,450 K o 4;55? |

Vanadium _ 200%

#?\ g&nganese, 33% ~
:"‘1\ —i_u abt’ = .

Iron i T 280 o00. 1,280,000 B
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Sy Ac tract of Lecture on highrPressuro bteels,
‘” ~{See also T~-95 and T-96) -

‘ﬁ-,.' By Dr. Dinxler Spﬂlng 1944

- - -

Since my subject will be hela to very generai térms, 'Shall
_ begin by giving a shor% summary of my remarkss - First, I shall -
-~ ‘touch on the rezsbns which led to the preferentiax‘use~of steel
© and its -alloys, then, I-shall give a summary of the most important.
- _nazch pressure steels and-discuss tne concepts of hDa.uersta.nafestict--

-

b__ke**” ang “Ze&tstand;estlékelu .

[N S ImTe oL i

{the auuhor here Qiscusses elementary princiales of tne‘mole—
oular structure and ‘physical properties of steel and its alloys, -
“which.can be found in any American textbook on. related supjects -
- Tand 1is, thereforeg., not reproduced here. Jom: of ais subjéct matter ”
: fﬁ~;; 15 _aliso reproduced in T~83 and T-96, Certain.aiagrdms referred *
~-to by-the wuthor are either not avallable. or are noﬁféadlicrently
-voxplugned qn&'tnese, also, are omithed. ) L _ TRV

Ene guenching at n*gn temgoruqure-then leads ta puun Laraness
that the mateﬂi;l nay- pecoe as -briitxle ‘ds blasso-‘wuencning is, -
uhereforr Susually follewed by Teheating To about-300% G,]"hich to
appE lamly increases the _GQucTility with only a slight- decrease.in _
haranesa: Pre cambination of haraentngjand*reheatfng-fs—aesiunotea.wmr
=t btreatingz—whiech 1s—essential_nonqattainmng_hishen:gx o DR
1loy sreels, since a soft anrnealed alloy ‘steel has rely Tl
_greater strength than.plain carbon steel, ~fpere is gnother form- of-
S -w;denin s socallied tempering, ‘on whkich the highstrength of dura-’
“mi lumin is bused Por example. _1t may be explained by the.fact thgt
Al_can hol& larger cuantities of Cu. ard Wn in suspegnsion at nigh~
than du—iow temper“turef if such alloys are. quencned =t high- .- 7
: - seénperatures,- these- consrxtuents remain in solution- snd/ dre- Segre—~
o gated Jn_“eheatlng_to 2009 C in finely daispersed form, causing
nardness Yy blocking the planes O sllypagér“—?ﬁ*Ef%emperlng mEY
__occur in steels in adéition to normal hardening un& ylays an -
1mvo”tanu rcle in hlo to. be discussed Iater.

AT the beginnlnb~of nibn—preﬂaure~e¥n¢£imentn onLy Dlain carbon -
steels similar to 8t 35, 0.2% G, were-avalludble. ~These, nowevery QT
were- aeetrbyedfty‘nydrogen att*cks at pressures of 200 atm. an@ B
‘Lemperatures -sbove S00% €. ~In this process. atomic hydrogen_enters
tne tube walls and coitbines with the- ecarovon tofform™ CHy andé with the
oxide pollutions to foru hzOQ These largeﬂ-m01ecu1és*can—no~£9nger*-.
ﬂd;ifuse*oah.ana their ressure Causes: IbosenIngbe“thE’straG$are——*
and parily. the ormation of 01*sters. But” pIZI‘“barbon‘“fé@I‘

______maulﬁ_dlso fail'at high pressures and temperatureS‘beQauSc Of Its 1ow -

,.—_g_“
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. 8ince hzgper 10adq cgn be. taxen [y nly 30 a cerd"In degree

£y

sg bec“use the auter layeﬂsﬂbf extromely thick walls
stresseda Accordlng_to mises tne‘otra.n on %the

2N Y =  "”” | -
K o 3 ¥ = \ ‘
_é%égj‘_ wnere X = . Pressure

. P

<«

aQO Eﬂe following tabtle indicates tne s*resses for Var;ous WalT
u.;-i{)‘bﬁﬁ*’SS%S - - - - - = . . Eh -

~ .

DreéSufém'”Si"é . 8 pe;WISﬁlOle at 500° ¢
Atm.,  Kg/mm~. . o - ' 55738 Nig =

700, 16,7 - R 205" _ " 20

200 12.6 . . . 2a.5 . 20

700 12,1 o B 20

700 . 12,1 - .- ¥;¢;; 2.5 e
. fne Germen text omiué #p® in the ¢0rmala above and hag %da®?
' *nterchanbecwwitn “di“ in- *heﬁuabkeo ' ‘

the eXpe"Lmeqts at 1000 ﬂtmc-ana &OOO b, He was then';*
it is 6nly conditionally hydrogen~resistant.. In 1928
was develoned and 1t prﬁvea to be quite satisfactory in
ko increases the Surength
soc that 2.5% NI may-be = ]
: Dy O Dp o —In very’ heﬂfy-salngnicknesses, such as oonverter"%fA SR
Xets; however; = Tértzin—emount-of Ni-i ~1nais§ensib%e~4because_ e
1or° sat*sfautory heat treating with it. Or-NI . steel 200 mi Gia,
nardaess: 220, core hardnest 215, corresponds to Cr-do gteel -
nin diaa, rim bardness 250, core. haraness 210, - . _
' 1 skall -now dfscuss  the concepts»“Dauerstundfesnagselt“ ‘and
S ¥Zeo 1ossandfestigkeit“ - Generally, we try: to select construction
materizls, which will permanently satisfy 0pe“atingFrequirementso _
e, therefore, figure on "Dauerfestigkeit®. Where this may lead %o

SIS

- ﬂnwiei&yA&tTe:s*Oﬂs——we—%ase—eur~ealc&}a%iens—ea—lée%%resxégke1%37———-fr
~tf§n1ch zccording %o the time chosen, is ¢onsiderzabvly. higher than
Lae uuuerfeutlékeit and the most‘heavlly stressed- parts must be |
xr=queptij replaceda:'The concepts "Dauver-& Zeitfestigkelt™ apply Vo
varying setresses in bending or torsion, as well as Lo stallic stresses,.
suen as in steam boilers and high préssure vessels. _Tke -"Dauerfestig-.
- Kelt® cun reagily bDe determined with vurying stresses, since iV is
- dependent merely omn-the number of repeated stresses and not on  the
. —zime in which they are applied, while with static loads the continuous -

-—dia

,:“4——»exper%aeza~ Jauerversuch) must extend over several years, To Geter=_.

ioine the true *Dauerstandfestigkelit?® in a-much-shortened exPerlment o
ihe’ téﬁ%—Speqimen are stressed at Eeétzfémperature~wtthfa—statt6:ioed-f"f*f*-"

and the erngation is measureafgontlnuousiy—wlch precision 1nstruments
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b e -

-1r, With‘n a nep;ggwof 55-55 h;so,ethe speed of elongation aces not

exceed 0.001%/h and the permaggnt elongation after 45 hrs. is not%
over 0.2%, the stress. in Kg/m is des gnated “Dauerstandiestiga 1L,

:"“'"“measured 'within the time of the. experiment really ceases. 7The @cpesn=
- — gdence. of- smvengta-onmduraxion of loading 1is more clearly- shown for
- steel apdVe 30U0° C, while, up to this temperature .the yield pains
" Geterminmed in the. short . -experiment-or- the . u;leate strength
may be uset as a. b351s for. calculatiops° e T e

in this process, however, it is assumed that the eiongation

. Itwhas"been shpwn that the depenaence on time o? ;hpvstgengta
-of steels of varying compositeon at equal temperatures may vary con~
" slderably and 4 seemingly poor steel may gilve better performance . .
over an:e xtended period. 'For thils reason, experidents have been S
- under way for years to determine -the. true . “DauerstanafeSuigkeit“ Ny
a continuation of loading -to—the. breaﬁing poiﬂt or the. “Zeithane-* -
‘—fes%igkelt“ forefixeé DﬁrlOdSo'

o~

A CoI oarlson of experlmenta to determine the "Zeltstaﬁaf sbivhelt*
in 10,000 hrs,.and the "Dauerstandfestigkeit! in the shortened = : T
_exoerlment shows .that V2A behaves much. beutev"uhen the shortened
experiment would indicate, while-K5 (0,2 C; 1 Cr, 1 slo, 0.07 V)
poorer, N 10 shows .the same values in both eyPerimentso ¢
_benavior of ¥ 10¢ai$er~la,aas ‘hrs. is iimited by its tenden

) orltuleness under higq stresses,

- The nﬁgh“Sorenbth of &~¢O is basea besides une effecu o-,normal

.heat- treating;-oh a- temgering similar. tcﬁauraluminn By holding &% -
_11080° C for one hour,; the “vanadium~car bides go. into . so;utiohq remzin
",n solution In rapid zir. or oil- coolins segregate microscopically '

S finely dispersed on reheatlrng %o 6500° C., and so 1l€&ad to high added
> heat resist@noe by blocking therolanes of slipcage (Gleiueoenenf

, Besldes the load- limits. thewae31gner must also knoa_tue time-
. eloﬁodtion limits, that is, the loads causing no greater. e;oagatlon
than 0*2p,jslnce tn*sJValqe“%gggernibsible in 2ll cases. T
R ' :
VZAED with the addition of 1% % would seem %o oehave s;m11a"
%o N 10, ani auoear to e the ideal material. - L

- (“Dauerstanuf‘%ti*he;t“ has been var 1ously interpreted as

“creep strength®, “*fatigue strengtn“ or "fatigue elastic s‘::reng:,n‘1
that is, the maximum stress,uo wn.ea She material may be subjected = ..
wlithin its elastic limit, or just oeyona. when appllied a large numbor
‘of times. “Dauerfestigz ZRETEH is Gefined in German Lextbcoks as "ithe
maximum shress any materidk—is able to resist wlthouu break,ngs when

]
s it




T=S8=A |
appllied 10,000,000 timas". %“sStandfestigkeit® 1s defined as “The & -
- maxipum stress at whick no further deformation, or one limited o -
0.001%/h, takes place after a. certain time; 1% coincides approximately
with the elastic 1Imit®. This iatter.seems to correspond to the v
"Dauerstandfestigkeit? defined by ther author. #Zeitstandfestigkeit® - B
has;been‘1n§erpreted-asﬁﬁtime—eiastlc—strengthlywwﬁichfcomesfci&éeétf;~f,
to the literal translation. From the author!s explanatio.., 1% appears
to correspond to the "Dauerstandfestigkeit® with some correction I
factor for-upward revision where the material is intended for use ‘
. — “wWlth higher stresses beczuser of temporary use or periodic replacement;
allowling higher Stresses.) . C T T T
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Abstract of Discussion on Sniral NHound High—Pressure *acketsc';
— (ﬂickelmantel) :

e T BB Ma.v"» 1‘939,-4 ;

f~—- -In order kel proceeC'witn the design, dimensions o* the core-‘“
- uuse, liner-tubdbe, cover, etco. muSu,be determined.hw;wd o s

" —_——

The dimensicns of the jackets are as Lo;;bws, for- the indicated'
‘inuguer cf curwently orOposed Jackets: .

A) dacxets for g{a”cg at;on' S -

e} 1 Comverter 1000 mm I,D. x 18 m lgo @ 325 ath, 300 co
T Well temperatureo o -

2l

By L Gonyerter 1300 mx. £.D. X r8m 1g., @"‘25 atm, 37300. S. o

Naliftemrerature."
c}4 1 Heat Sxchanger 600.mm I.D: x548 m lgg & 32) atm, 300
: Va,; temperature, : :

Jd} 1 Washer 10060 am I.D. x ¢2 m lg. 9 7Qéd§tm9 20% ¢,
' Jalil uemveratureov R S

—

Ja'éke?.s for Temol:

‘57 E_L,onverters9 1200 mm I D.r E3 18 = lg, 6232; atm, 300
W&LL uemperature._;m- L ) ,
i-2 Converter,, lOGO mm I Do z 18 m 1g° 325 atm, '300°. ¢,
. {alY ‘temperasture, : :
2 Heat Exchangers, 800 mm I.D, x 12 o 1g. ¢ 325 atm,‘ 300°c. ,
Jall temperuture . ,

) 2 "lassifiers, 800 -mm I. D » x 12 m 1g, @ 329 a‘am, aoﬁ,c..
dJall tem.perature° -

-

T < —Catoh Pots, 800 mm “Dr"ﬁm 1g~'~~323 am’;" ac" c” o
dall Lsm.perature° - -

- -f;t is pr oposed to dind and fully-comolete *he 3ackets fo:_Tanol
at Oppau, uh;le the J&ckets for hydrogenation Nill be made by Krupp.
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design detslls ineclude:

P 1)

wall thickreSS and materialc'

Closures. covers. cover Adrilling.!
s -y " .

- Cere-tubes.,
Liner-tubes. -
~Inserts, etc.’

Agl] Thickness~ =

for %

T eonduct e g la'&ast%na»LabokatorIZStutvgagt fTG*z

‘Details of stresa- ca’euiations were §0$ djscussed The basis
hese wil; be deuermined by Oppau efter completion of the tests

Dr. -siebelo' - o : T -

The following data are inc;uded ‘in this

' a)" Modu*us ‘of elastic*tv of the wound section in axial d*recti5n‘

. for the purpose of determining the proportion of axial-load
T _taken by the co*e—tube liner—tube and-wound sectiono‘j— T

AbL--‘hb,tva,sfer‘of the_a*ial forcvu from tEe closure- attached

to the core-tubv,to tho :ﬂunc sect*cno_

T L

c)_ Heat ransfer ﬂapacity of the _wound section for: calculatf
' the‘heat stresses,;“' B B

L SOV —

- a) Initiar tension &ué to the shrinkinp “eTfect of the hot woung -

-e) Detex mination of dlmensions shape?andimaterial of the

7ayers°_‘*. — e S o

———-win&é&g—strins i

f). Determination of dai mensions, sﬁape and material of the,coref*'

than

tuoeso- . .

dhere any 6f these. sp;ral wound- vessels are to be uaed for ot her
I.G. works, the Siebsl Committee for determining general rules

Tor tne caLéﬁiﬁtﬁﬁﬁ“bf‘WEHﬁﬁ”VE§§§ls, ~is to e consulte&

Closures.a_ T —_—;A.

To—2}

—

‘LmﬁTwo basic designs are possibleok - S

N

aj Shrinking on flanges with : studsw as 1n solid jackets°_~

b47 An inner closure with inne”-%hread ring attached Lo the
e-iube_and pressure bolts¢— S , , L vl

.. This construction hag the &dvgntege Of‘greater_f:eaﬁom‘of




-3~

mozement with respect to cover‘holes and pqrtiéularly cold

gas inlets. It has the -disadvantage of increased weight
and consequent cost of the jacketso — S

1

To b) _dith solié wall. jackets it would be particularly dis-
- advantageous, -if, in using an-inner closure, the jackets,
-whose dimensions are barely within the limit of possible .
- construction, would have to be enlarged an amount corres-"
iw-‘—rponding to the d4di mensions of the-elosures im order to - - -
' . obtain the same. reoction space, ahich would bs largely

impossible°: R S T

‘- ﬁ*_—mHAkauxnmi—&aeke%s—4$m»éunuynnnﬁmg"‘ B A ' : o
offers no-d&ifficultly whatever. 'The disadvantag°s of the
- difficult cold gas inlet arrangement may be overcome by -.
—using“E—UGI&—gHS"dtstrtbution ring on“the—tnsfae of*the*“*ff“”

e e

L P-W.Y 7 soreyryd-— YAt TmSoagrh a4t o & 3
Jae SR G 2YaX £ a ¥ 388

- the dtameter aﬁ’the “end . of. wound Jackets _particular’ . o
attenxion must be ‘paid to keeping the c¢osure welghts at a
minimum. These considerations led to the decision to study

- the construction with 1nner closure first of all.. =

e -However, thezpossibillty of . uaing shrunk-on flanges e
..~ with studs. mast be examined also; because in speciachases,
“ for example the use of a speclal. 1nterchangeable liner~tube
. {apart-from the-core=-tube),. this constrLction might be
'fparticularly suitab?e° o

A 500 -mm wound jacket made in- Oppau is-to be used as a
o test plece for this purpose, so that-one.end is tofbe~pro--w"~”“‘
o ryidsd WItH ap inner closure and: the, otherend-a stud bolt
: clozure° It 18 1ntende&‘to try to’ uind the flangefalso or
strips.. -

LTo 3) Core Tubes._{‘f ‘\—, : : - j. o e

.. The following aall thicknesses of the core. tubes may be ohosen '
for the*initial design° _

a). Hydrogenation conv'ért.ers, 1000 1 ‘mm I.D. )~25 mm N5 - -
1 ) finished outside

Hydrogenation Gonverters 1200 . mm I.D.) rough.inside

g

'b) Hydrogenation—Converter Heat Exchange;, 600 mm E.D. (15-20_ =
o —— — (finishéd'out-
' : SR side ST

o) Tanol-%éat~£xohanger 800 mm I. D,, 20 mm, S, Mo st, finiahed '
ST outéide and 1nside.WT;mwu_mwA4 , , L

o di Tanoi¢catoh‘Pot 800 mm I, D.,_ee mn, S, M. St f@p;she& outside >
T T ro gh inside° )




—{anol-Classifier, 800 mm I: 20 mm, S.M. Si, finlshed
-outsida rough inside. - B ;;_7 . e

Tapv‘~00 verteLc.loooi\mm, S.M, St, Tinished
- Froees, :
,~LinérWTubes-“'f };;m

3200 K mm o T "outsiae and Ainside

Vi rinile the throgexat*on jaﬂkets Teguire no gpecial H;nef*%ube borj""_'
orotection againsc chemical action, since the core-tube is constructed
of- hfgrgge TestTataent mat eria’, th° Tanol converters-and et ex- -—
changers must de provided with an inbevcn&ngaau*e ¢opper-clad iron

-7 "ITIner Tube. The copper lining itself does not rrovide complets pro- -

" tection, because 4t becomes brittle z2nd tears in practice, sO that, ,‘ L

. -evenaualL..,tha staelmliaer-%&bea%elcw71v~i39*yt*ckad*tV’ an@:co St

__—=—=aand it must thecefore-be<mad9*+ﬂte-cﬁﬂﬂﬁﬂablco'fT“a 1uea to o
Sle¢nhtB Lh@ stesl linsr-itube: by making %he core-tube of copper
plated™ y&;ogen—recistant ‘materisgl, was ”€J8Cu8d unsafe becduse
T —te 90351&1;1%3 Agzaﬁ”ai—aés rﬁétlon of the conp nlatingo

.'Tne reqqueme 2t of'lnﬁﬁzchangeabilitv cf tne steel llner—tube
~r°c ires B covstruﬁt*on dlfrerinr from Shas of the hyaropenat*on
ja“k usa'(See appendix\ . i T ;:”“ ‘ - =

2 - i -

—

N . 'Wo~avoid makir _,ne core tubs £ one f’“ZL langun lece, 12 to
18 m long, it is muds of shorter pieces =bout €& m -onv3 finished -
‘overall and driven or. lightly shrunk intc the line*-uuuyu_ Because'_‘_ .
the shaped winding strips formin ng the jackel wall taXxe the. axial - . -
lodds, we‘ding the individual pleces of ths co*e-tubeﬂto ore .another.  '=_
s“sulﬁ not. be' dbso;uteiyAQecessary, since disteTiIca or the liner . I
tube-core tute combination must be avoided*-,nt;mong-a 1ight tack
weld;ng woald be permiss;blec,mw - ) S ;;;_~

It 1é assumed—that afteg removal -0f the ’igarrtnbp for re-

——————p%&“ement: th6°jacket‘7111 not be distpr*eﬁ dueuto in erent, stresses°

= : o) -
= o e m s
- ‘,. L e L
s
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- Phenois ;rom.uoal Fyarogenution Dils -

3y Dr. Beaman“ AmECﬁi& Jorss Me;seburg,

The report below deals with +he production of ohenols from
,hyarogenauion cils. de mean ny‘nhenolQ the carbolic acid _the

used in nydrogenation,. in parti cuiur oils oroduced in low temper--
ature "coking of brown coal, as ael* as the oil°'oroduced during

_the -hydrogenatlon propsrgﬂw,” B s — —

rermit me first a few
phenols. - c L - = =

- Up to abouu 10 years ago, con&itions in Germany were such R

© that the demands’on” phemols  could be satisfled by .the then *&vaﬁzﬂsle e

7 méans for <bhe proauction of synthetic phenol a4s well as by depheno- -
(ating the. %ar oil fractions. Since then the field of application
of phenols has been increased by the.development of the olgder Pields
as well by the introduction of nevw and very-important uses of
phenols, %o such an exteat, that the older sources of phenols have '
long aoo "geased to satisfy tae regulrements- and new ways must con-
-tinkallg*be discovered. 3Sugch & pew source 1s offered-in the phenol-
-¢oataining off waters of coke oven plants, low temperature coal '

.__fﬂdLst%il&tiegj—and—hyQ;@gauatiea—weﬁzs~—¥h%ct‘can—firnf”ﬁfaporeciable'WW“
amounts of it. However, even these new,
—##ouryes—afe—iasafx1¢iﬁnt to sat;sfyﬁthe exer;inzxeasing_demands}_

~ It veecmes therefore necessary toc obtain-additional amounts, using
—methods. nermitt*ng adjusting the production to the demands, that

..is 'Sdoh, which are not ribidly -couplked- Wwith eny othex manufacturing

i orocesacfbuch methods. may be found in an extension-of the existing ‘
: ‘methods of carbolic¢ acid manufecttre. However;—-the raw materia’w—;jﬁ
= necessary for it, benzol is not-available in unlimited quantities,

P

- and-is being uséd as a motor fuel; moreover, the homologues of - 'fg”'"‘

- phenol, the"™ ‘eresols and Xylenols, ~edn not be -obtdined 1n this way.

On theo nfh&a hand, the ever idc“&asinp smounts of low temnerature

) carbontzation.tars are produced’ ir—cérmany in ever increasing amounts,
andé certa*n hydrogenization proaucts eontain such ‘amounts of already _
*he oheno; scarcity. This was the reason why within-the last years-

- sultable methods have been developed for the recovery of phenels
*'—"from this—kind- -ef- eHs and insqro\;uced indusirially.- s = ST

S Befo re aiscussing the indi vidugl Hracesses, I wish to 80 more
»aeeply into_phenol removal from the -different oils, and take the
low. tempera%ure car boniaation tars £irst, They ere. not suited in

— ”'1‘

—— L — T TN - 7\———‘/4 <




- T-100

T inTtheir usual commerctﬁ*‘fv*m_*o.the.ezt'ac ion - Of" pheno ‘fbecause—~~-m
THey rorm emulsions with the extraction fluids which can not be
" broken., On the other hand, -1ight fructions of the, %ars can frequently
be used., Such fractions, with boiling points between 200 and 3000,
are fluid and of sufficiently low -gravity to permit a rapid‘eettling
" of the extracting-liquid. They moreover ccntalin a higher propor--
-~ %ion of the lowar-veifling phenols than does- the tar, and definite.
- amounts. of.phenols - are obtained by using_smaller.amounts of the _ _
”-Aiqai&s~—whieh—ecrrespondinwly reduces-the size—of“vhe~equipmentw‘:ATJL
‘Most of the low temperaturs. ccke al&nts deliver their product to -
_the hydrogenation: plants as ‘ocbtained; i.e. not distilled. .. It_would:
be too expensive to separate all %he tar into fractions. Powever””“‘
_ ceritain amounts of fractionation iz donme in most coke plants during
- 4he fractiomal condensation of the tar. It would take us too far
to desexridbe in detail the operating details. WNe will ldmit our- _
“seives to saying, chat most the product is obtained ags a high™
" boiling viscous tar, wnlle a- small part of the total production forms
an oil -similar to the middle oil and -as.a benzol-containing light . _
. 0il. The different products.are in part_remlxed at the coke plant, -
while _scme—of the mixing is done at the hydrogenation plant. There o
. .are no aifficulties’ in-priuclple in the separation- of-phenolﬁixxmLL__“_v,m;
- %he Tighter products before mixing with the tnick tar.,aThe-boiling
point range of the different fractions di¥fers only slightly, and
" the thick’ tar-‘cohtains soms of tne.lighter ol and therefore still
contains some of-the phenols° - — T

“The princapal -amounits Of the Dﬁenoﬁs is, however to bé found
ith the light fraction in an enriched form, and, deoending on the
rature of the coal caxhﬂnized—at—*ew—tompazatursj—a§‘w511fa§_6n
the congitions of condensation, they may contain 5-to-35% low—boil-
.- ing phenols tqgether with- vurying amounts of higher bo*ling acid

< .
ciﬁs3. —

—_— e - i . . - .o B

B T

"~ The pi oportion of Dﬁenol to cresaols varies,*and depend& princi--fw4‘“‘
pally on the nature of- the coal¢: -fHas, most browd codl terscarry —
consideradie amounts ,of ‘rhenol, - Ut they are practically absent T
from the soft coal lo«'oempezature tars. "Carbolic acid is evidently
-~ produced from soft coal-only at high temperature cracking through
- dscomposition of the higher-molecular weight oxigenated products, . -
while the temperatures used in the low temperature carbonizaticn of = .
w~—4amé%:@e@%%:%@%—%e~6&0-—%a—iﬁsuff&e%eﬂtiy:%%gh:farzthe%r—zérmztxgauuw —
" .+ The-thin olls and light olls produced.in:the- low temperature ' T
_.carbonization mey well be used for the—pro&uction‘of phenols by one
of .the methods to be deseridbed presently. They-are quickly,and .
readily.separated from the extraction media, especially if treated
- as formed, i.e. before aging and without. having been long in contact
— with air,- There are, "however produects, 'especially among those
produced by the older 1ow~temperatura distillationfmethods which -
producs inconvenient emulsions with the extraction media, “and - are- ' -
therefore_unsuite&:to_be:&ephenolized ~>relg.minary tes$a_mmst_7 S
"~ therefore be runm for-the~dffferent’products to. tell whether the oro-: _




| T-100

In addition to dizferent emulsif;ezs#,the various carbonic
. acids of ‘the tars may introduce éir flculties, by being more .
strongly acidic than the phenols, and whHen -extracted with alkaline
solutions will therefore éissolve first and m&ke the Tecovery of
“~the lye more di*ficult - S LT Tl

The principal amounts o7 phenols pxoduced in 1low temueruuure
mey therefore be_ obtaine Lﬂo@g@ilmd%em tars,
dbuv they will fail to include. the ohenols present in the. th‘ckquar.
" . These,. ‘however, may also be frequantly recovered Af~ the phenols -
~ extraction is made at the tar hydrogeration works. In most hydro-
_ geuution works operating with low temperature tars, the tosal.tar
delivered, i.e. the mixture of the thick tar, the thin tar and“j”"
~the 1ight oil, &re broken down in special 1nstanauioqs inte &
distillate and~a residue because the low-boliling tar constituents

: —prefer rydrosenatesd fo-—the VaDO -—bﬁa—se, Wrile the-

‘% ‘ iiiug—ﬁgaa%refs—afe—%e%tev—cai%ed~t- the guid phage
treatment -The Tractions are cut at 310- 315° much sharper than-
the cut between -‘the-heavy t4¥;" l*ght ter and~2ight oll at the
coke plants, The distillate hl 1 accordingly contain all the low
boiling pherols present in the tar; i% will contain in additiorn -
_newly formed Thenols from the hng»boil*ng oxygeg:pqgtainingetu&—m¢
vonstituents,_oecause the reacuion product of the liquid phese
stalls is distilled in the same unit with the crude tar. ,The
distilliate obtained ‘in these installations does therefore form
not merely a very suitadl material for .the. nhenol recovery, but
will furnish . a wider sourcé of ravw materials than the'Aighter—;“‘f'
first condensates since the iafter arsz not produced im-a2il tqe

low tezneratu*e cokingﬂntantso o= ) .Tm\\_._,

- ... In addition o the tars bOEG c h exr ils, d*rect&y»aroduyed
"4in €he coal hy 2

-
o

gl o s 1 s bk

These are the ci?s Uroducad in %he_ so-cailed liqu*d phase.-and ~4,
.are intermediate products in. JAhne manufzciure of fuel oils, Tkey o
-are but- imnerfectiy~saturated.uit¥ hydrocgen, arpd contain, AR

-—&édz%ien te~ﬁitrog9ﬁ—aﬁd sulfar-e ompounds ;- a1so—eensréeraolglﬂ -
amounts of oxygenated compounds, with low ‘boiling phenols ammngSu
. them. To<produce satisfactory fuel oils, the liquid ‘phase 0ils

T mst be further hydrogenated iz the vacor phase. " To. do this
they must first be separated. into~d‘stillate_“nu residue, sim¢;°‘

~to-the hydrogenation of tar oil. The distillatﬁ_is_simi¢az:to~___“__
the tar distillate with respees to phenol content, mobiiity and
specific gravity, but is still bvetter zdapted. to the- zhenol re- )
covery, and for the following reasons." .

: 1: Ths-1iguid phase 0il had been reated,oreviously with
hydrogen, even if but imperfec*ly,:and is "therefore less con- .
taminated with such materials which may interfe re with extraction

€. emnlsifiers and- carbonic avidso‘» - - : B oo

o “In comparison witk- coal the~14qnid nggse hyarogenat;on L
ox. Io a mhch Tlcher Dhencl_source than tarowMohrle and Bauerfe;a N -

PO — - — - - v Ewa.




-(Z'Ang= Chem.;' vol. 52, 1939, p. 183) have shown that in the
pressure hydrogenation of soft coal 73 times greater amount of

phenol-cresol~miz$ure—&s—eb%&:ﬁeé——%h&n~in—the~h+gh~temperaturs*
The relationship between low temperaturs tarz

coking operations. -
" - and hydrogsnation phenols is similar, althongh not - as strongly -
pronounced. Thus, direct hydrogenation of brown coal produced

10 to 20 timesz es much phenols as in the low temne*ature coxingoi.

,,Q?"Qoal hy&rogenatlon‘oils wi‘l ‘therefore not’ mersly producs
phenole<more easily, but also in anpreciably greater amounts,..

¢ I wish to desc ibe briefly a process of phenol recovery
suitable to hydrogenatfzsn”oils° : o —_

——

tdrs and similar products and the patent iitezature ¢s very volu~
“‘the number ot pro--

mninous in ‘Gnls field, Iin com:)t:.L'.Lbuxr-f.Luu-— Undb
PR . | B} np .

cesses-which—can—be—c&rrieé—ea%—iaéaszéa%%y_is~ea* smali s

. “the older processes we may mention the. extraetion of sars or taa
- 0ils with concentrated- sodium .hydroxide and- with aqueous aleohol
-(Frescl process). _Neither o; he processzs are very selectiwvs.
"and are more sultable to oil fining than to phenol extraction. -
The -extract obtained is similar * to_.cresol, and so atrsnzly COR=—- sl *
taminated with non-phenolic constituents, thai pure acid oils - -
can only be producad after extensive further nurification, —_—
- Je have wried to develop a process in Leuna which. woald
f‘apermit a direct _continuous extraction of the pure acid .oil from
‘the oils obtainéa. fThB—oiis—produ;eﬁ—wereftxrimrznﬁntfry—solub;e o
a dilute socdium hydroxide solution, 'indicating maximum freedom from
neutral oils. In dddition, the oﬁlsﬂhave a rather wide boiling
point range, and contain the yaluable 1ow—boilinn pheno;a as well™

°°;¥a¥ging—amountu—or h

—— ——— TR

lJW Theahot W&ter prooesso,

‘2. The soﬁium °u1fide process° h

The counte*-current sodiu“ hydrox;de processo»;

3

o o The Hot #ater‘?roceas - -
In this process the extrao*ion is0 done with water at such

| tsmperature condlitions,; under which the solubility of phencl is
“rather large. The separation—%is primarily based on“the“&tf*e*en”

solubilities at ‘different tempe.aturvs.

. .Fig. 1 shows the method of operation. - #ater is seturated atra
temperature of 250° ¢, The required operating pressure calcuiated
" from the existing pressure rela“ionshipq of oil andfaaper is: abouf

50 atma. Thg_b°s§wnzgpcrtianwof at




- process economical the heat ur&nsfer mast ‘be e’ good, ~The,unit 1s.f

therefore, similar to a he@m exchanger. Nothing else is of great
importance, The mixing is dome in a flow mixer, "In 2ddition to

puxmps, only ong preheater each, for oil and for water, a cooler
- for oil and water, . and a catchpot for high and low temperaturea
are required.. Lhe water is circulated, the recovery of phenol iz
based on the increase in solubility of 93 grams/l 55 8r/Ll at
f250 ané l2’'gr/1i at 25 _

me e i Tmimem et Ze e e -

- Before crade oil can be ueed as a source of" pnenol v mus* /”9
- first be distilled with the separation into a low bo*ling fraction’
and a high,soiAlng :fraction, and the considerable neutral oii-
content removed. .hile the process has besn Tound satisfaciory
from the standpoint of operations, it leavcs much to be-desired .
with respec% to the purity of the phenol. at 250° water is muek

"less seileztive than— &*-room—temperature J—Its ability %o dissolva =
—meutral oils increases with rising.temperature relatively more -
stronglj than of phenolsc

o Qhe_ Sulfide Procese

B i auaaania it~ 1

- - — — .

| Tnis process_is_nasad on the solubili y'c¢ phenodls in soil- -
utions of sodium. hydrosulfide, with the evolution of hydrogen R
sulfide, and on the poss ibiliay of separating phenols from 'such ... .-
solutions ty treatxqg with H .Prenol conteining oils aszecin
are extracted in a mixer, é_iﬂ this case with a soﬁuticn cf

"sodium-sulfide "at ‘about 100° 4®P5g, 27, the phenol=free oii4is—
separated afier settling in = separ&tor, and~the-soiution contaip-
--“ing " phencles 1s finzlly treated with gasecus HoS- at - 50 in towsras, T
~ 4n which the dissolved phensl zeparates- as.crude phenol, Thg‘_‘ "

~.alkali i3 regenerated during thé g=s treatmenty and is Teturoed i
the .process. _The. hydrogen- sulfide'“equkred is—b;own from-a geso-_
mater by_means <f a blower inito the tower. The unabsorbed 2as,

" after passing thé toweTr 13 combined wWitud 1 the HoS liverated duriig

'solution and-is returrned to the gesometeér. The alkall as well ss
the gas Torm this closed ¢ycles. —Only the losses.o?f the gas
and of the ‘alkali, caused by leaks. in-the upparatug and the

<solubility in the nroducts mnst be renldced R "rj:,mﬂ;

The crude phenol ‘is practicaily ee Lrom.neut~al oils and
N It contains
&npreciably more lowboiling ‘phenols- th&n obd ained‘with the sams
‘raw materiai in the nrev1ou81y*described hotJﬂaze;.p;ocessa This
is Que to the fagct that the weakly Blkaline sodiur suifide solution
‘dissolves sslectively the more acidic low-boiling pienols. Should
the proportion.of the low-boiling phenols in the soiutionr to be - T
extraocted to the high dolling acid eils ve 1 : 4, the-crude phspol—
obtained by the sulfide extract*cn—methodgwill contaln Shem 1n 1 pro=
'porttbﬂ—br_I—’ 2




-in a concentrated form as well as the corrosiveuaction upon con-
, atruction m&terials of the hot sulfide solution. - _

Counter-CurrentASulfide Proceso

T ‘Tho ‘process may be called a"step-like counte;—current sodium""
kydroxide extraction.and is. a development of the Xnown-method. ol .. .. __
‘extraocting phenols at room temperature with a solution of scldium — ~°
hydroxide, saturating the solutions of the phenolates with COs; '

_ which ceauses a separation of the dissolved phenols, and re- catishi-~
-sizing the sodium. carbonate solution with lime. . The regeneratsd
lye may be then returned into- the extraction process° o . L

Fad

‘The later devélopmentsoconsisted in carrying out. the extrac-.
_tion countesr-currently.- I% has been found the extraction can
-preferably be carried ouu in a cascade counter-currnnt— -ingtead
of an extraction cclumn Three steps were 1in most cases suffi-
‘cient. (Fig 3). There is some saving in—the sodium hydroxider
consumption in comparison with a single step—extraction causeqd . ERE
by the selective solubility of stronger-acid 1ow-boiling phenols: o
» in sodium’ hydrcxide, while the high boliling weaker acid oils re- -
. main undissolved. Lhe selectivity is noticeable sven among .the-- “;,
—low boirtng phenols, in- that»carbolic dcid is preferentially - =
- dissolved in. comparison with the cresolis and xylenols, -The selec,-,y
ive action.of sodium hydrozide: used in  eounter-current becomes
- partiéularly manifest when samples of the lys are withdrawn from .-
every step of the extraction, acidified, and any phendl ssparated
tested. It will be found that the individual oamoles haye an-. - -

- entireky different. composition. (Fig. 4?’*'7 T S —

. If*thé‘diffe*ent'extractionfsteps~be—e§&miaed iﬂ +hm—direot*on
of flow of the lye, an exchange -of the- weaker acidic—-for--the stron-

ger acldic. phenols- wiil be observed i. e.,of_higp-boiling_for,_.~
the low-bdlling phenols. - . A o

: This process permits the production of phenols practicaﬁly
. afree from neutral oils; as 1ong as the sodlum hydroxide solution
-i1€ not over 10% 1n-§%ren_gth° It is not recommended to use con-
- centrated sodium hydroxide sclutions because of ‘the difficulties
of oaustféizing them° Phenol oils are absolutely free from e
to a clear solution in dilute alkalies,

. .and-the- concentrated solutzon may be dﬁrectly returned to the_,

-extraction nrq_cessvi S . R ' -

v Should ‘the o1l freed from phenol,” ééniain noticeable amounts.
of acid gasesy such as C0O, or H,S they are bstter removed_prior %o
the . extraotion‘ 1.e. by pgss.ng some inert gas. ..Otherwise, teing
more strongly acid than the phenol, they would be prefe:entially ,
: extracted by the alkell, 1imiting the sclvent power of the latter
. for the.phonolsga'horaoverj_thompoeaanoeWH 354 ium




fhe qauStificaticn;bffthé a2lkall solution more difficult.

The stepwlse sodium nyggpxide;counter-current_procqss'1s‘run
at -ordinary temperature and pressure. The -energy consumption is
limited to the relatively”low'xequirementS»Ofmthe.power-for'the'
oumps. There are no.diffidulties.caused by¢o6rfosng° The ex-.
traction” apparatus proper consists therefpre‘of.thinewalled,shqet_
<conzainerg;@ag§4%he—usgg;;geﬁtrffﬁgﬁIfquQSZféﬁﬂfla;tﬁéféfprgfn
"~ 1nexpensive 2nd@ requirses but littie iron. The as yet unsatis-
-+ factory step is the, at present, complicated and expensive rezen-
. eration of the carbonate solutidncby*Qausmiﬂ1Catipnfﬁith*iimea , —
;Egagiblz;iha_americanmsuggeszianﬂleatv—dec;ar&%ian—%%iﬁ?,‘:;, o -
- —-the Koppers €o.) to decompose the carbonate- solution by electro-

-~

,“lysis is a better soluticm of the.prop{ggugf,;eggnezgykeali,_;»,ﬁ;*i;_

.-»mi;thLmuq§4bear4infm1n&'whenmécnsidéringzgpékeffébt of phenox = _ -

- . Temoval. that the further step in the use'of;tarWor;hydragenatfcnff‘*‘ftt‘
olls consists ir hydrogenation. in the vapor phase over a fixed. - o .. .-
bed catalyst., ‘dnyaqggxaminatiqnfgf‘tha'produet-is’therefofe ) TV

- harmful , especislly with non-volatile ilnorganie materials, beecause” -
' w:.they"“ha'vewa"'tendéncyto-..settle; on the walls.of the eguipment, -

- wh;chww%i;_ieg§~;Q“plugging-u@ ard to making the catalyst inactive.

g OiXs .from which phenols have been removed wlth alkslf must be
= carefully freed from entrained alkali by setiling or centrifuging.
—— - '—Occasionally thess measures do not prove entirely sufficient, i.e.
o © when' the oils contain some inorganic.salss in-disgolved form, such
. @s phenolates.. The olls must be carefully washed~with water in-
. ——eases like that, or rédistilled. -‘The reduced amount of phensls
. in the 0il may in itself affect hydrogsenation. The hydrogen - - -.
7 requiremenis of- the phenocl=freec olls may be smaller than of the
~  bhenol-containing;"because of the absence of the much hydfogen~ - -
, consuming phenols, The heat of the Teaction of %ne nhenol-free——
- ~ollsis reduced; Which at times may prove beneficlal, 'The presence
- _of ¥ittle phenoi may be -beneficial fer the—action‘of;somS“eaﬁalyst§;
There is also o f*disadvantage,“ﬁﬁiéh_cansists”inmthat the phenol-~-
~,-free olls produce gasoline of somewhat lower antiknoeck -value, - -

- I ;hallfdiscﬁss*now:theudistillatiﬁﬁfﬁr;§§§gp;sQobt&ined;by._A,
vone*gﬁfthé*&bovemproéesses;‘wTﬁé’éiudewofié contain, in addition ,
'to/the'valuable-low-boiling—phenolsﬂalsoféome small amount of wager,
gasoline, high-boiling acid oils ag well as traces of alkaiies 4n . =

. “o0ils prepared_by—lgachipg”w1th.sodium‘hydroxide, These materials o

-are removed by ‘distillation, when watez‘andmgasoline.distil_iirst,A, ’

-3 0% Iing rchenols with the main part of the distillate,

'~ "while the high boiling organicaclids -and the alkalies remzin in
the residue. " The principal fracticn is a mixture of the different
: hdmologueswand;iS«useduas—such, or else brokén-down into .carbolie
acld, cresols and a mixture of Xylenols by a repeated fraction- -
ating distillation. -The separaticn of the low-boiling phenolis .- -~ .. . .
jf4"’dm&y*aigbfﬁé”accomplished'during the distillation of the erude oil. = - .
“m;AWiabwévenyzsngh:&;disziilation;z&qaires:weikﬂmb;4-'o»_*Wi”}ﬁﬁﬂznrffj- .
- columas., -The distfiiattcn“is'us&ﬁIIif&dﬁefin“batcheB.1uﬂa vacuum . . .. .
stilil, but tie separation of the erude oil into the'low-boilingg : ‘




T-100-

, >n—and--the-residue may-also -be-performed in —~ -~ -
continuous pipe stills. Strong corrcsion-is frequently met in = _.
phenol oil distillations, principally czused by the high-boiling
residues. Corrosion occurs-principally in that part of the appa-

,’Ar&tus,,where*the—xemperature*as'well‘as.thETisIociﬁies3ofkrlow.are
~"high., The corroding subatance is -probably not_the alkali, -but
- certein high-boilling strongly acid organic compcunds. Thus, . -

. Eruber and Sckmieden lave found in coal .tar {Ber: d.a8.¢ch. Ges.,
fol.-72, 19339, O. 653) that f-oxy hydrinden.and-7-oxy. cumaFone, - . -

mbethistrongly~acidﬁcompouhds;ﬂwhsn'ccndensing“with'seﬁérétiég'cr" .

" hydrogen, form sibstahces of high molecular weight, which ecause mucn-

. cerroseion of.themtqr,stillgoh;Ap'American‘wggg;j;g@igpgzghezuws. -

_ News editlon.- vois<16; -3 at,

- : : 3 that low temperature taps. —
ather than coke oven tars, have a great corrosive ac

J tion, attri-

~buted by them to Substances thay called "résinols".  These or simi~ ©
~———-1ar_subastances are. probably-also-pressent—in the-residue from phemol —
';;biis—%n%&—ﬁofeﬁponcentrat@dffﬁfmg but at present practically nothing
is known OfWﬁheinginraﬂoi;thgéa;highfboiiingrcﬁnstttu@gts—of—thgf—wm;v*ei%

- phenol oils, o ]
.. -"The qualiity of the phendls obtgined~fgomalowhtémperaﬁure‘cokfﬁé
processes or rgom.liqnidwphasejhydrogenatiqp_pils?;s,_gs—obtained,‘7

- somewh&t*1gﬁer”than"frdmfcaké;éfen-tar}andffrom-gasoline refining, - .
which71s¥brimarily-dueﬁgo'the;r high content-in sulfur-containing-
compounds. However, théirpurity is entirely satlsfactory for a =
number of uses. For higher-reguirements relatlively cheapr and in-
expensive refining processes have been developed which permit ths
production of permanent-color materials of good odor and in goocd"

'wgqielgg.frém”these products. : N ' - B -

‘f;¢i~'Aﬂ3~EB$LSHm$&rf2€fby:Sayiﬁgifﬁaf the problem gf prodﬁctiopupf;_M o
- phenols from low temperature coking oils and fro l¥gquid-phase
"7 -hydrogenadion oils has. in the main been solved even Shoupi—gome—
~.questlions remain-unanswered. I'héve-rererence:here¢§o5tha corrosicn ,
__problems menticned-above, dlso to the unknown nature of the high —— =
~bollling acid oils, the clarificetion of which mey give valuable .
- — - information for their industrial application. It may be msntioned
. -in.this connection, that there still is no simple and aceurats
=&na}y€iéaiimethcdsmféf*tﬁégﬁéte*min&tion"and separation-of the. - .- - -7
*ow-boiling homologues of phenol. T o

~ A number of schemes for the recovery-of phenol otl from-iow —
.- bemperature tars-have already been developed. In actual operation
- there 1s at present only the de-phenolization of the light-tar )
.7 . -distillates in ‘the s6-called Koppers process, a phenol reccvery = . -
" " process for Phenol-containing off waters, in which a solution. is
“obtained only-partially saturated with phenclate. A better util-
-ization“of~this“801utioq.fs achleved by extractimg i1t with a
phenolecontaining light oil rection, saturating it in this way
completely with phenol., O T

L L jTna7&67@}99g§g§ﬂhé§"bggg;gzgggrtg;ﬁhﬁ:;miﬁh“liqdid;§§aQé;ég_;*_ -
S "&rpgsnattcnfcilgt_“xﬁfIﬁaﬁétrial‘installation has.been'in,operation~




in Leuna fof about 1 year,

; production of which is tremendously great irn Germany

T_100 .

“éﬁe_resﬂita;are s@ satisfactory, thas

the installation;- originaily built to mzke use of only a part of

the oil produced, 1s to be replaceéd as soon as possible by =
largsr one, in wWhich the total oil produced will be treated. =

. -1 hope to have shown, that We possess ways and means ‘tc
cbtain phenols in almost eany amounts from hydrczenation clls, the
» &andé which wilil

ble us %o satisfy our reguire-

>

b2 -still further increased to ensz

" ments-in ligu¥d fuel. This large soursé.of-phenols is at rresent

only partiaily utilized. Je therefore are 1llcky %o possess re-
serves of 'this important raw material, which will readily cover

-a_furphaz_incrsasa_inwphgnngggoummeghatm_mM;_.1 I

s e ——— e T T o I - - -3
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'.j_Abstrgcﬁ.or Report on
77 - . .- Sludge Flant Operation

o défﬁﬁnbérgfﬁénziufﬁ;s;ibr-xu%~ T
“Gexsenkiréhengﬂorstb-;TﬂJuly 19307"ﬁﬂ

e o a S

S ",'@h&$prb¢epsiggior'gpp'hxdtogggg;;on:?g?lduo,HQOnsisting of
7 - a pixture of 0113'unﬁiga;tadfcbgt;“anafﬁih;%%sﬂottpnfcﬁpgggeged{

: a necessary evil, 'and does, therefore, aot receive the care it . -
- nds. The fa¢ 18 often overlooked. that the efficiency of =

s hydrogenation plant is- largely dependent upon an iatelligent T
processing of the residue.. . A poor—trestment of the residue ., - .

. immediztely leads to great Yosses. lat us consider- that with a"::;%é_;mw
- gasoline yield of 300,000 Ténn, 530,000 T. .of sludge is produced,
corresponding te 410,000 T.3T 0il. At RM. 80/T of oil -the value

of the ailj§6ﬁt§1hodAin;tﬁé*fgsiguqvamggggg“ﬁo RM-32,000,000.- -A
loss of only.0.1%, therefors, means .8.1os5s of  RM. 32,0004an. - I¢ .
o niust act he overl@ok&d@i&—}se*—w '—_, : talf—t:hgsa -products ars very -~
. unstable-substances, vhich easlily decompose on improper treat- S
ment, particularly their exposure ‘toc alr.  _ - B

- Therefore, -2l experlences, to date, “were considered-in-the - --—- -~
-, .construction«of qur plant. Residue processing plants were already .
__in operation 8t Seholven and Leuna. . The axperiénces at Leuns - R G
could be used only in a very restricted sense, because brown coal - '
. sludge is of a chemicslly different composition and behaves -
. Td4ifferently 1n~prqceasing;-;Mide-compgrigcng;however;'eouldabe=
'~ made with Scholven, although it-was to-be sxpected that our .
" ~sludge would behave more-favorably because of the higher - - .. . 7
sosme—prassure in—the—liquid-phase,~ 700 -atm. compared to. 35235 atm. S
"~ —Above &ll, we were-tc prevent the residue processing, particulariy . -
. . in.the kiln department {Sehwelerei), from becoming. a production . =~ ..
——bottle-neck, as is often the case at Scholven. A _centrifuge . A
department with 60 continuously operating lLaval-Centrifuges and .
a kiln departmeat with 12 ball kilas was provided for our plant..

-

No basic changés were to be expected in the centrifuge R
department, beceause in so highly. developed and compliicated ‘ Cos
' -——machines as the centrifuges.changes can only be mede in close _
e COOPeTR he maker. He, however, turned down our request

for immediate cooperation because of the pressure of othey con- o

- tracts-and because-of too high costs, On-the other hsne, it = -
would have meant too much of a risk to use othsr centrifuges. - -
Hovever  wve have since then induced this firm to make certain
changes. Above all, we are trying to incresass the .Joad on the
l‘wer<aectioﬁ:bf;fbemceatrifﬁg&:ﬁiﬁﬁh&uges'ih the product faed. e

—YWe are-also_trying-to-obtain-a better separation by-increasing ... ...

“the: speed of rotation. dTheumeagpparﬁgg;ejgizﬁ’dr"thefeentrirugé“‘" '
sclids ¥s - 1.5 micron, which fndfestes tka enormous Qifficulty
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- in seyarating such fime particles, . conaideriag the fact that
- -&iffersnce in- specificMgravityvbctweeu*them*auﬂ*ati—tsfsma£1.
and zhat all the pa“tieles are compiétﬁiy—EUVGTGﬁ’?1ca oty

5 Certain chauges WRT@ ‘made- -on the auxiliary equipment. Vs
~ have replaced the scale containers by Eckardt maters. Arter o
. -mskiag a correction they have provad to be satisfactory and save
- - . apace and capital inveatment. -~ The ‘saveral storage and mixiag
- vessals have deen eonslderably enlarged vhereby we obtain a
more uniform centrifuge mixture, the most 1mporeant requirement
" Tor satisfactory ceatrifuge. operation besides a constant pressure;
. anrd can more readily covercome smaller ‘disturbances.- Furthermore,
T we have subdivided the“‘ndiniﬁual‘lubrieating_eil eirculating

L trouble may be moraheasily aoc&ted

. The ceutrifuges were placed into service on the 2 August 1939
- &nd- 150173 tons of centrifuge mixture have been processed- to
- The 1 July 19%0. - At present 15 machines are in c¢ontinuocus
- operation. i A&s wes.to be expectad; an incresse to _312% in the
——s03ids in the centrifuge or pasting_g;;g_gggggggg Qgghggﬁyggy
A fine particles. At first, the solids content of the: cantrifuge
. ——— oil_was only 7»8% Iin April -1840 we had a sudden increase in e
’*—'". the use of lubricating oil when the eentrifuga.mixture tompera- .. ... ¢
-~ _=ture was_increased to 175°. C., vwhich, bovever,K was corrected by-
& complete overhauling of- the individuil machines. Pregqueat . .. -
disturbances occurred in the ceantrifuge department due to. clogging~
- of'-the nogzles and eentrifuge screens, although no changes wer: were
- made 1n the presaure Nor could change in the.-product dbe -

“theee 1ncidents~ Sim‘lar phenomena £requently occur also in
starting-up & new stall. It was a. surprise to find that the
""wgggfgg the cantrifugea is greater here-than-in -Scholven. — One .
cause of this 1s the stzongly abrasive effect of the pyrites.
contained in the residue. This was ‘particularly noticeableusw
wvhen wa ‘recolved hardened steel scraper knives instesd -of
such of Widia by mistake. There wegpe completely- ground off
- after 4 days. Even the—Widia knives showed a-certain wear
=ff* —after a longer period -of operation. - Ve waere . likewise forced
=~ —tobutlid up the aspirals of the centrirﬁge ‘screens with wvelded -
Ticit. .The best 1losd oa the centrifuges has been shown to de
X T/b mixture containing 16.5% solids.. By using smaller noszzles
X. 7 mm @ incroassd the solids——co
residue to 40% and reduced the proportion of centriruge oil to = ..
acentrifuge—fea%due from-5:1-to 3:1.— Apart from-the chaagos~1ir—-—————~
-the centrifuges, changes in operation may also be expected'by
the use of cther thinning oils o double centrifuging. ' The
'expeetation £0_Treplace the centrifuges with filters-in the near
future may de frustrated by the viscosity of the products‘and~*—
theﬁﬁiue particlesy besides the great cost I

T s Rt s
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-~ _~_The most important task in centrifuging is to-keep the oil
iosses to a minimum., Scholven had constant difficulties in L
- trying to avoid. the baking on of the product in the kilas and.
produce an oll-free discharge, with consequent considerable oil -
losses. We wvere less bothered by these snags , poasibly because =
.of the higher pressure of 700 atm. in.the liquid phase., -But -
even here much care--was required to keep operations trouble=free.

= -, -We bave found out that a.satisfactory kiln operation depends.
- on many details. Among others, the -entry of the fased into the - -
. kiln 1s-of particular importance. Minor changes-in- it will cause
A - trouble. In our case, the-injection tube prolects 20 mm into T .
"7~ the kiln and the product is directed against the walls of the =~ =
T drum—es & fine spray in a direction-opposite to its rotation. —
Shortly ahead of the discharge nozzle high pressure steam is
- 1ntroduced for dispersion. The nozzle itself has been mads siit-
- shaped@ and the injection tube wvas reinforced by ribs "to preveat
-~ distortion. - The cuter holes in ths saparating wall, as used at

— _  Scholven;” vere enlarged and made slit-shaped. VWe 81so provide
S __—the best _possible insulation of the KiIn steam lines to insure I
-~ - the entry of steam &t a temperaturse at least as high as the kila -~ —— "
=1 —‘temperature. The Schilde burners used at Scholven bhave -been .~ Cl
. . replaced by Selas dburners, yhich.permit a mors unirere heating - -1 F
.. of-the kiin-drum because of their construction features. W%We -
-bave Jovered .the kiln temporature from 30 mv to 27 mv by =
vhich ve spare not only the product but also ‘the kiln 4rum. - As-
a safetly measure for the preheater in case of troudls we have
- provided a rinsing oil line. Thermo-technically the kiln vorks
- a8 expected but the heating of the preheater could. still de done
_more wilTormly. R R S 3
~ . To incraase the l1ife of the Xkilas and reduce the cost of
repairs, we have provided a better heat-resistant material for
e iiln drums. On 10-drums ve use 124 and-oa 2 drums TH31R.
B To: protect the most highly stressed kiln part, 1mmediately bahind
_ - . —the ssparsting-wall, we have reinforce ._these parts with welded-.
on metal. These welds have the advantage of serving ‘as- & cateh -
Lo - Tor the milling eolements as well as &4 protection for the kiln. =
7 Sciiglven has had good results with a cross-shaped milling element:
_ . But the wear on the kilns or the milling elorents wss too great;
=' depending upon the corresponding hardness. We adopted this shape )
of the elements but chose Aifferent kinds of ‘steels to determine
j 1 e -materiel. - The milling elements furnished by — -
Xrupp have proved very satisfactory’ comparsd-to those furnished by =
- Qevelsberg. It must not be overlooked,. hovever, that the hole _
- “in ths center of the Gevelsberg elements was eniarged, which
- - may have caused the greater wesr. Elemcnta of ‘manganese stesl
. ‘are still being tried ocut.:  Independently of these, we tried - -
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fanother exparimout and.used_caat hollow—b&%}s——~¥%%hvthe33 the -
. kilns wvorked even better 6 presumably due to their greater—freedom _
of movement and the greéter space taken up in the kila for

equal weight. The kiln wall is also better preserved by these
elements. However, these" ‘nollow balls showed:-a much greater

_ wear 6 8% operating days. ' Ve, therefore, are trying out a nevw

’ macerial Sius, vhich 13 supposed to have greater 1mpact streugth

A rurther 1mportantrqueation wasg if it was proper to dISo
charge ths residue vet or 4dry, because it-was largely suspected
-that the wet discharge was the maln cause of the high oil econ-
( tent of the kiln residue. -We, therefors,; have provided & double -
— . .- discharge on 4 kilns, but_achievéa ‘such good “results with: the
' T wet discharge that ve ellninated the dry dischargs,jeasuse 1t is -
much more troublesome. The oil content of our kiin residue is
. spproximately l%.“HWB‘havqmreimfﬁreed_the discharge trouvgh cnd
- .seraper;- Due-to this, we have had no trouble with the discharge
T egquipment. “*Forﬂloading*the residue-we hLave provided a belt-= -
conveyor but may possibly shift to chute loading. The great
vear may be partly explained by the faet -that while operating -

T jonxy—uu6—krIu—tu—vtutEr—tha*b6Its—w5rs—evvvrsﬁ—wtth—tcv—caua g
- breaks in the material.'. A.clarification plent for the_waste =
water must be imstalled without fTail, bacause, “due to the~high
dust content of tEe wvaste water in the traps, tho sewers have
~ been repeatedlx clogged‘up, _ — L ; ’ ! -

-~--- the nrecooler — A part of the circulating.phenol water 1S used
e ~,$or~cooltng~the rinsing oil to preveat the formation of boilar ;
. scale-at the high temperature. The automatic regulstors have-
- "proved very satiafactory. ‘The kiln gas is fed into the fuel -
.- 'gas line bya blower,  All pressures snd temperature gauges anéd —-°
~——the‘most tmportant~vaivss“hsvc—been‘mountadfbn—vuv:tautrci—paua1
ror groupa—ez 2 kilns each o :

The instsllation wvas put ‘into operatisn on the 8 Auguat 1939

. and- was--intermittently operated to January 1940 because of lack -~ _

. of product. To July 1940 a total of 23553 tons of centrifuge.

- residue—vas processed. We have. increased’the-kiln production

- “from 2.6 T/h in Scholven to 3.2 T/h. According to our latest

- experiments the produstion may be incressed to at least 3.5 T/h.

. An experiment to add hot-oil-let-down to the centrifuge residue

- showed that.the kiln yield remaias practically the same with-an
adgition of up to 10%. _Hovever, the kiln must be watched very _

- carefally with ‘such & mizture. The pregsent oil yield is 78% L
The -expectation-to burn the-kila residue in the boilers mat—vith -
ﬂgreat.dtrficultiea, ‘due .to the 10w melting point of the ash. —We_

- therefore, have already trisd to utilige the kiin residue 1n a
sinter&ng—p%&at with~aatisfaetory results _




T Tvo tanks were damagod in the 1ntermediate tank storage due ,

" to the explosive evaporetion of water, In oue~casefth13fvasfcaused
by & leak in the cooling jackst of the circulating pump. The - - —
_artificisal weakening of the cover seams agreed upon with the
Industrisl Safety Commission probably protected. the tank jacket .
‘but could not prevent a deformation of the cover: Bursting' -
disks are, therefore, bullt ianto thes tank: cdvers for sarety,
and the temperature in all: tanks held belov tOO c.- A

~‘W NERSTIE & + 2 concluaionf—tt maygbe aaid that the residua processing

oﬁenations have met ‘the demands_made on them,, e

<+
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o -2he coal). HOLD has been distillcd since bdeginning of - S
. T =—duly, 1943._ The aistillation ocould be carried out in practice, -
77~ with-42,8% distillate produced. Tho softening point of the
.. -.Tesldue wus 78,7° ave, 4 oompariscn of losses of pure oill
—--ghowed "in centrifuging of the HOLD and the kilning operations. ,

. .- With vacuum-dlstillation, see below, showed a loas of 4.85 -
© "ip cemtrifuging-and 15.7% in distiliation, basing the com-
_putations in the latter sva —laboratory resuits - =
: . —-operations. . We have .found a 63% yield when kilning the Tre- -

sidue without catalyst; 67.5% yield in the presence of . .
—catalyst, 1f the oil produced is calculated toc that worked,

 _.“Yhen computing the pure oil produced in centrifugirz and =T

‘kilning, the corresponding daily production figures and. - T
~---analytical results were used, - In the latter case, the bolling .=~ =
S ggint ‘eurve of "the centrifuged pure oil-has not been considered - = - B
-in the computation of the thinning o1l, bscause the boiling B TP S
- point curve of the centrifuged pure oil was not any &ifferent, - -
. which leads to the. conclusion that _ : in—the——
- same proportlion as the totel o, =~ . - - - 7 =

o RBSUI.TSOF ANALYSIS FRC_)M m‘zv}e PR ‘ s
Produet: . .

[elo/ o - PY . . Py o . e. Cl L me -
Specific gravity ~ 1.185/180° - 1,033/50° 1.280/100°9 - .
ash ip sollds .. 54,8 = =~ .7 48,15
Solidifyings point B R, 1,
Softening point = = e e T M e '
T T hlehiemity oo *50.4°  — 1300 2300 ~
.. .. . _mr_Engler Vis Y eom . L Q_ e el
. . - _ ) . - RERRCEREEE ’ '\."‘""" . .__A — ,_ ____“_1400 1898 ‘ ‘
‘ ‘ Tne- 1500 497 .




. Solid-free distillat_g . -Solid-free residue.
Spec. Grave . _ S ozs/so° — - 1.101/100°
- 4sphalt. (15.35 - o
- in EOLD) S : 1.5% I -29,1%
‘“’B'oiling point curve. . 760 rm 11 o 1Y mm
~10% , ' 2899 15Q0 - -
» 204 . 318 195 R
L 307{, , T 340 X8S e
- 40% : ’f358~ 209 ; :
- BOET o 220*"““**' ™

. Comput ations for oomparzgon,- S

Ca éé AL Distillation pracess:

,Inpu ’ :
. mﬁ—noal HOLD = 279.9 ‘%o, 58.7 te sélids, 2. s te ash,
e AETTTTII v33.9 te asphalt - _

4

v Yie}.d' il . " - ' ‘ : -'
’ — Distillate, fla 3 ms “120. I te U 3 te BWWtG ash, e
' . 30,7 te: asphalt e

-Jgegiaua;;iés;7>m§ 159.6- te, with 54.1 te solids, 2449 te ask,

B 30&7 te asphalt.

- Tha. residue%s-kiln@ﬁth_a_sw d-8f pure 04l =
. accardingly, the 0111.n the residue wag 159 6 te residue
T - B4.1 te solids

— —_ - = L 155 5 te 0il, of
o 66.5 te are recovared in kilning R S

Pure 4)11 balanoepA Puxe\oil .tntroducad 221 o
: Pure oil recovered 186,3 e
- -Losg © .. 54,7 = 5.'7%

. ».'x_--. T R - ° .
’*,V' - . ——

- - ~~-~cnse B‘ eentrifugins and knning.~‘ L ”* )

o 7'Input as above, S -
“““Prodﬁ;;a 194.,8 mg centrituge o1l with 27; 5%-solids, 2745 a ohalb.
, 51.2 oentrituge resi&ue 66.4 e, 25,2 te solide

'iw—, - 44~te—asphalt‘—u—~~-ﬁ--~;

66.4 te sent to the kiln, with no oatalyst, yielded 31.? te pure. oi]..

Pure 013. introduced"! ~287.0 te e T
v “‘“'raeovere&' ‘ 185,8 te - . o
' e 517 te—fron centrifnee reaidue
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