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rTable I and the urvee I ehow that etarting with the

benzene—c lohexane mlxture wlthln the tempe ature 1nterva1 of -

about 440-500° , the dehydrogenatlon equlllbrla become very accu-
rately eetablished.‘ At temoeratures below 475°C c, the mlxture of
1:1 18 hydrogenated to higher oyclohexane concentratlone, at tem-
peraturoa over 475° to hlgher benhene concentratlons.- At tem- |
peratures below 400°C tne tlme of residence used in ths test ig
not suffloient for the productlon of equlllbrla. At temparaturee
above 500°C one could observe a spllttlng of the naphthene ring
in addltlon to the dehydrogenatlon reaction, and at 550°C 8% gasi-
flcatlon is already produced. The allphatio hydrocarbons produced
during uhls spllttlng lower ths 1nde7 of refraction of the pro-
ducts, and the benzol contenta calculated at hlgher temperatures

froz the indices of rerractlon are too low.

8 1a

Tests with Benuene, Benbene-Cyclohexane
. Mixture, 1: l,gnd Cyclobexanse’ )

Test conditions é% in Table I.
Temperature 485°C
Theor. benzene conoeﬁtratlon 78%

. Operating ~ Aniline.
Feed ’ .__Daye Sp.Gr. ?oint
Benzene 'g-ggg ::g

s § SER

Mixture Benzens: : 0.850 43 .
Cyclohexane 1:1 . 0.842 -43.5




Exnerimcnts with Toluene, Ebthyl chlohexan'
md%ﬁrllmmue

"% Toluene - : Toluene % ..
: « from Refr.. Aniline . from. Toluene - - -
‘Index _Index ‘ Point " AP - - _Theor,

14202 0 +40
1.4230 . 2. +10
o +36
1.4355 -2 S +X7
~la522 .0 -8
iy - 78 31
1.4810 0 . 10
-1.4860 95 - »w.

18700 97.5 . -LB.5
Lags - 93 - -u2.6

1.4798 83 - =43
1.080 - 94 =43.5
1.4600- - 100 =-50.5
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et hyl
~Cyclohexane ’
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Tolucne

Yethyl
Cyclobexa;e
R K- l :
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n
1
16
18
19
20

2
23
26
29
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Table Ia chows that the experimental reeulta are the same
4 uhctner one atarts with pure benzene, pure cyclohexane, or tboir
v mirxture. _This means tpat thg equilidrium 1s sirictly reverslble
'(dlcregardlng the small anount of seide réaotlona which take place).
Table II and Curvec II egbow that tho toluene-methyl cyclohexane'
equllibriua bepomea egtablished on the.nlckel-tungsten catalyst.
The eplitting, which forms & slde reactiqn at ﬂlghsr temperatures,
results in an increase in the 1qdex of rqffacflon to be atiributed
to the formation of benzene, and the toluene concentra&ioﬁa calcu-
1ated frox 1% appear too hlgh On tna other hand, the spllttlng
reaction preducts reeult in a rige of uhe aniline point, and the
-toluene concentirations calculated fron the anlline poinc'appear
too low.f




ané; or tneir mlxture. = : o
fne uiEEFEEA_‘.ws areo. that tne concentratlon o aromatlcs
_obtalned at ‘the same temperature 1a hlgher wlth toluene than
,wlth benzene, whi h 18 to ‘be attrlbutea To tne fact that with the
higher. aromatics the pqulllbrlum’ls located fur;ner on the-apo;'
maticé.;idé 1'_.nainv'wiﬂib'e'nzen"'e._t . | '

Cu;vé I shows the effect‘of fne_hydrogen partial pressdre

equllibrium?qonpentratlon of the aromatics.
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Benzene-cyclohexane . - Theoretica Equ.‘_Li.
Equil. _— 50 atm. total pressure
R ) 545 H partial pressure

R e ol
tical Bquilibricm | Benzene-cyclohexane
Eqailibrium
50 gtm total pressure o ' :
5.5 atn By partial pressure’ 50 atm tctal pressure
, . 6.5 atn E; pertial pressure




THE AROMATILS—NAPHTHENES EQUILIBBIUM ON
THE TUNGSTEN SULFIDE CAEALYST 5068
it has been shown in a aummary of February 1940 tnat
- the- tungeten nlckel catalyet 6718 produces rather exact equ111-
brlum between benzene cyolohexane and toluene—methy1‘cyclohexane“

at 50 atm pressure an‘ a thruput’ ‘'of 0.5.
Hew tests have shovn tnat ths _tungaten’ eulrlde catalyet

“058 caugee & hydrogenatlon of benzense or “toluene to strong approxi-

matlon ot th~ theoretical equlllbrlum at 50 atm and a thruput of '

O 5 only when the temperature reachee 480° C. At lower tempera-

turee. the equillbrlum ie not even approxlmately reached, with the

toluene'nevertheleea somewhat more hydrogonated than benzene.\
ﬁhen chanblng over a 5058 catalyat operated for geveral

‘ daya at 50 atz to a pr ressure of 250 ato, tLe hydrobenation activlty

1s 1argely reducqg even at higher preeauree. Cyclohexane 1g not

at all dehydrogenated on such a 5058 catalyst at 50 atm and 485°
The curves appended ebow graphically the resgults of the

test. The results of the oleer tests with the nlekel-tungsten

catalyat may be seen rrcm'Figuree42 and 3. See above.

/8/ Peters ard Trofimow
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rvhﬁfﬂ'~mwlow CAf“LY ms uImH KR TREA
CALURINA

-k

vie ora«xlng bas skown that élu:lna'acfl-
BUEEELERLY: gocd eplitting acti-
btestéd as a carrlér for'
; making two cata-
8180 (1ight alumt T + 10 ¥78,) and €208
t aluaina + 10 HF + 10 Fef saﬁurated with ferric
nd precipitated with NN F).
tfo.catalyats rezoh only at 22 =7 (426°C)A
a,“ru“*:a»nly the splitiing activity of the 6434 onta-
1rat 2t 12.0-19.5 ov (374-382°C), cbvlously':nere 1s

with these aluzmina catalyste at an

th 6434. A

N

Earlier tests with an alumina molybdenum catalyst
(7260) showed that when alumina bas not been treated
EF there 1s praculcally no splitt 115 up to the

-~

vedperatures here gtudled,
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DUTGETRI-FAEE ;”A YSTS OF THE $103-Ala05-Fes03
SN TED WILH HF ' :

asclyste of the'comppslti 51oafA1,oa,Fe;c3

SeTe) tiens’ were ireavec vith different

omnents oPI aoric acld ond tested o thelr

mctiv::; (s 11tting hyarogenation of Eruch-

Touna that very xotivuvg“lltting cate-

WiTn 20-90;7 Si0; when triated w“ <h

AL+ Fe 1f the .coneen ‘ﬂathﬁ of
F230a. Tae resulis are shown
1551021 ,05-Fe,C3 mix-
tc ghow the
The isxl -
reatlirng with

ence Erx

g acsivity

roleun a hlddle 0il and wluh bi-’

The Spllﬁting was be er than
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b
e,

’wlfh-ﬁ%ﬁéj3th¢“other'f¢sulfs Were about the same.

_No-loss 1nféct1vity,has.beéh obsérved_in splte of
>ithe'fréqﬁédt‘intefruptipng,@ué'to.the aerial war-

- fare acts. _mne'h}trbgeﬁ gensitivity is somewhat
" higher th&n'th?‘5é34?j » L

- /s/  Ginther
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G-ACEIVITY OF $10;-AlaO3-FezO3 CATALYSIS.
TREATED WITH 50% HF/{Al + Fe

Alo,

Xohege two catalysts were prepared with 37 HF/Al + Fe.
The values would have been lower with 50% HF.




TOM Reel 173
Frames 366-392

A 1arge number of tables 13 presented on the reaults of
 sp11tt1ng hydrogenatlon of the resldues rrom ‘tha DHD catchpots,_‘:
bolllng +165°C, redlstilled to the end polnt 'of about 300°C,
‘elther wlth‘prevlous prehydrogenatlon‘ or oonvertéd to gasollné
dlrectly with 6434, whlch was. returned to ‘the DHD feed. In the
flrst case the resldue (anlllne polnt —48°C) was hydrogenated
over ca talyst 8376 at temperatures of 533 345°C 180-270 atm
préésure and a thruput of about 0.9 kg/ll catalyst/h to an ani-
line polnt of +8' to +10°C. The -170°C gasoline was distilled
off from the catchpot products, and the bB-middle oil. with an
“aniline point of about +9°C was éubJectéd to Bpllttlng hydro-
genatlon over 6334 with an H; partial pressure of 240 atz at
392-400°C and a thruput of 1.36 kg/ll catalyst/h.. The space/
~time yleld of gasoline production of the second stage amounted
to 0.12 xg/l11 catalyst/h, the space/time yield of both stahes
amounted to 0.48 with 9-113% gaslflcatlon. In the second,case
the resldue wasg converted at 40$°C over 6434 catslyst tu gaso-

line -170°C after mixing with a recirculation middle oil. The

feed thruput was 0.75 kg/ll catalyst/h and the gasgoline ‘space/

tioe yleld of Q.48 was reached,
Ths gasolines from the single gtage and two stage methods:

differ principally in the following points:




stage gasollne.

. The ‘ba 1c octane: number was about the same (74-
‘75; M.M.) - but the 1ead senslt’vlty of the singlel
stage gasollre ls hlfhar.
Tbe overload curve 1g be»ween B. and bV;b 5asol‘nes, and
1s parallel to the B, curve,

Both gasollnes are rell daoted according to tuelr om-

vpos tion for bHD.

Gigg and Siaon




. UNI Tg.D s ATIS :
DEPARTMENT OF ‘PHE INTERIOR
o BUHEAU OF MINES .
OFFICE OF . SYNTHETIC LIQUID FUELS
LOUISIANA MISbOURI

o ' S T-476'
@ _ We M. Sternberg~

TOu Reel 173

Frames 642-64%. . ’ N Decgmber 17; 1940

UPPER 1 Li*IT“ OF N AND PHENOL CONTENTS AND
LOWhH LIuITS FOR- THix ANILIRE -
- POINT OF €134 INJECTION L/

Generally valld figures cannot be glvén,'becahsq differ-
ent limiting values have been fquna'depandlng 6n the raw materiai
(bitwninous coal, brown coal,‘brown coal tar, petroleum products,

vlnﬂ hydrogenation of uiddle
ﬁ‘e.p, of" 225°C at 250 dtmvabout as follows:
N_Content- .

I% nas beed genercily ascsuzed up W now that tne prenydro-
genation B ntcdie 611 permlts an N content of up to o.nio»; thils
fi;,ure has been cohflrmeg-by the poisoning tests»df 6434 durlhg
the-séllttino hyarogenation-of petroleui $asoll with the adaitlon
of 0.1% aniline (=‘0.0lﬁﬁ N} to the gasoll . 2/. On the otuer hand,
zany feeds contalning up to 0.020% N could bé very well worked over

6434, proviaea they were well refined from phenol (less than 0.02%).

1/ Iaformation collected at the request froao Plelitz,
2/ With the addltion of 0.1% aniline to gasgoll for four qays, the

yleld was rﬂaucea ?0.onhe-hall at the same texmperature. The
damage was completely reversible. )




'Phencl Con
O.lp phenol ln prehydrogenated mlddle oll 13 usually
“;; assumed as the upper 1imit for bltumlnous coal for brown coal ~l
0 5p. No devlatlons from this rule have- been obtained wlthln the
1aat years for bltuminous coals, 1ndlv1dual prehydrogenatlon brown_:
coal llqueractlon mlqale olls contalnlng 1.0% phenol could also be
. very ‘well worked wlth 6434
:4qf Anlllnp Polnt
~xact information 1s moat dlf;lcult to glve An thle caee._

As a beneral rule an a.p. of +40% 1n B mlaﬂle 01l 1s considered —

aufflclent for bituminous coal 1n order to permlt operations with
6434 with goodfrosults. _However,y@lfflcultiec have artsen in arfe-
"erent worke with an a.p. of +40°C. On the otker hand, well O-and

"N-reflned‘fced could be well éplit at times with en a.p. of below

. 0°C. At present, the a.p. 11mlt of 55°C 1s used for trown coals.

With pelroleun dlstillales apd feeds oblalned Irum petro
leun by cpllttfhg pressQre'nydrogenatlon, the a.p. 18 zlways eo
high and the.phenol content 50 low that the N content aloné lec
izportant. '

The gaéoll cracking residues usually follow the rules es-
tabilghed for bituminous coale, while the crude 511 cracklng resl-
dues follovw the rule given for the brown ccal. ‘

Exceeding the above N or phenalﬁvalqes, or lower a.p.,
cause An increasingly reducpd yleld with 6434 at the saze teopera-
ture, which can to a certain extent be equalized by “alslng the

temperaiure.




phenols, ‘and a. p., must be remembered to be mutually counteract—_
‘-:ﬂing each other in thelr efzect ana that not only ‘the amount but
‘also the qud of" N and O compounds appear “to be 1mportant as well
as the constitutlon of the hyarocarbons “to be. split, -
o It mugt alco be mentlon,d that B34 is sensitlve to Ha
ana NH;, ana that the harmiul effects may be in part compensated
by sulfur in the injectlon feeda and H,3 in the clrculatlng_gas.

The b.p. 1s of particular importance for the splitting

hydrogenatioh abllity of middle o01lls over €474,  bEven small gdadi-

tions of higher beiliny substances, in particular if olefinic in
.nature, can strongly Eedqce the catalyst efficlency. SQch’Aamnge 
is éupposedly 60t’completely reversible

Tng belter reflnea anda prehyarbgenated tné feea, the nlgnérA

may alsc be the b. of the 6434 injJectilon.
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High Pressure Experiments .
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TOM Reel 173 T . .
Frames 635-641_ A March 25 1942

" CONNECTION BETWE}:.N NITROGEN CONTENT GF OILS AND THRIR
SPLITTING mROGENATION ABILIT! (SPLITABILITY)

v

I

¥

Sucmary

1). XNo conneotlon could be Qsrived from the resultes of 28
teste on ths gplitting hydrogenatlon of middle oile between theilr
splitabllity and the nitrogen content of the olls determined by
tho Kleldahl method. On the other hand, a clear conncctlon hac
been found between their gplitability and ths basiolty {Meree-~
burg method). :

2). Properly prehydrobenated and not too high cut olle tlth
banlclty nuabers up to 5 mg Ndy/1i can be properly eplis, Higher
cuts or lower hydrogen olle require basloity nu“bere of less than

3 mg NHy/1i.

/8/ Gunther

1. Foundatlon for a Numerical Expression. ror the

£plitability of an 011

The eplitabllity of an o1l can in general be expreesed

nuserically by:
a.) The concentration of gasoline 1n the oatohpot obtalned

under atandard condltlcns (type of ccnvarter, talyst, pressura,
temperature, thruput, gas:01ll preportion, sulfur addition).




b.) 'i_ The temperature requlred to obtaln a definlte gasoline
,concentra‘lon 1n the.oatchpot under othe"wlee oonstanu condltiona.
The methou a) has the advantage of producing valuas fon
eplitability even 1n tests of ehort duratlon.
The method b) has the advantage or eupplylng-data for
~the worklng up of the 0ils on: an 1ndustrlal soale.‘
» The splitting hydrogenatlon tasts have been genarally
made by us uslng the methnd b) and a gacollne ooncentratlon of
around §Opj&1509 wag produced in the catohpot.- In most casew,
‘eXactly'SO% havé however nét been obtained and the charscterlza~

tion of splitability could be made only by 1nd1cat1ng both temuern—

ture and congentraticn,.

The resulta of splitting hydrobenatlon 11 the paper belown

,havé,been recalculated to 19.5 =v = 382°C in order to characterize

the eplitability by‘a gingle number; This waa done by\:elng an
ezpirlcalAfactcr which claime that raleing the‘te:pefature by
0.5 mv increases the gasoline conééntratlon ~-150°C in the catch-
pot b&71.2.t1mes.. The oalculated gasoline concentration for 19.5
mv 1a then used directly as a measure for the eplltab 1ity of “the

corregponding oil.

2. The Previous Knowledge About Connectlon
' Between the Propertieg of the 0lle

and Their Splitability

Up to now the following analytical data on oils were

gupposed to be decieive for 1ts eplitability.
a.) The Bolling Behavior of an 01l




Heévy'gasoiinéé;up'téféboﬁt 225°C caﬁbbé'écnverfed:

. 1nto ga\pline relatlvely difficultly. Good aplitting 1s pro—
duced with well refined oile havlng an end point up to 300»325°c;
01¢a wlth an end point of about 350°C frequently split much 1ess

meli. Feed cut hlgher than 350°C “cannot be converted into gaso—
l1ne at 250 atm over oa.ta.lyst 6434 without harmmg them. o

b.) Zbe Aniline Point of the 01l ‘

- The splitability is better for an 011 with. the hlgher
-an* ine polnt than of another 011 of tha same- origln, with approxl-

: :ately the sane boillng curve and of. the sane grade of- rerinlng.

.C.} Tho. Phenol Content of tho - Ous R

'or two elmllar olls having dlfferent phenoi"conﬁent {or
cxygen-containing compounds) . tna 01l with the hlghsr phenol con-
tent 18 less well eplltable.

.'d ) Ths Nitrogen'ﬁontent of“01le

‘ Cf two othsrwlsge elmilar oils havlng a differeat nltrogen
con;ent, tbe'oll with the blghar nltrogen content 1is leas well
splitadble.

e.) 7he Sulfur Content of 0ils
The sulfur content does act favorably vpon the splitabl-
11%y of oils, at least wlth;n.certa}n lizits. »

f.) 7Ibs Uneaturated in the O3l

' 7The dl-olefine content of the 0lls has a harmful effeot

on the splitability. Mono-olefines have apparently no noticeable,

effect, as can bajseen from tests with oracked B middle olls.
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'5. The Previously Ueed Methoas ‘of
j“'“Jetermination oi Vltroggn

. Upnto-the"begin 'hgfof 1941 the higﬁ'pressure.éectlon
of Luuwlgshafen determlnea nlzrogen essentlally by the. methode
of Dumae anu hjeldahl and occaslonally'aleo by ‘the method-of
“ter Muulen. ‘The Dumas determlnatione are xnown to produce in
gennral too high valuea.' Even substan sz free rrpn nitrogen
show greater or smalle“.amounts of nltrogen when the determlna~b

tion is made by thls method.' The table below sbcwe resulte-of

analyses of cnveral olls by the methode of Da“ag, K'eldahl an
ter Xeulen,

01l No. K (Dw & R (KD % N (M) % (N (Du) - N (KJ) /N (K3)

8.20 7.55 - 5.6
0.96 0.84 - 0.80 . 11.3
_0.97 0.75 0.69 . ; 9.4
0.4% 0.28 . 0.26 60.7

AW

cf ths'three deternminations the XJeldahl analysec dererves

the greatest confldence. R . .

A. 1Ibo Dumag Determinations B
ihe percentage errof_of resulis obtaihéd by the Dumas
analyses were calculuted on the aaéu;ptlon that the results of the
Kjeldahl ana?ysea are corréct,,and introduced in the laat column
of the abeve table. -The percentasa error increases grea “iy with

drcpplnb nitrogen content of the gamples tes»ed. Tba deviaticns

-




‘_are hi her than should be obtalned in caraful (and correapond- 'f

ingly: time coneumlng) work but with not too great amount of -

“f care the Dumas method produoes result which' are no longer accu‘“

,e?liﬁwin%fb¥i£-uv atlon feed i be "Agagxn;rd
declmal wlthin at most two unlts (+ 0. OOZ}) because the crltical
' llmlt is below O 1’. The Dumaa methoa must tnerefore be completely
Vabandoned. - ’
.B. The KJ dahl - Analxsegi
- The laboratories which make our analyses clalm an accu-
“racy of # 0.00}% by the Kjeldahl_methoq. Tn;s would be gntlrely
satlsfﬁctory to us. ' This clalm wust, however, be taken with re-
servations as a result of the uany hundreda or deterulnaylons zade
in the course of several years.’ ‘
we have found only a very iooag connectlod bétwgen the’
nitrogen content and -the splltablllﬁy of ﬁne oils (with ths ccat-
tering of results of up to 0.025% N = about 3 times the critical
1imit). We have found the followlng extreme cases:
a.) The nitrogen conteni of two éa:pleé of an o1l was found
to vary between 0,005 and 0.01l5 or between 0.007 and 0.024, and
between 0.002 and 0.012%. ©
b.) About 30 oll samples whicn snould have had s;mliar nitro-
gen conient resulting from their previoué nletory'were reported
with 1ndividual results varying between u.003 and 0.025% (with the
probable.correct average value of Q.008%).
c.) An o1l, the nitrogen content of which had been found to

bs 0.009%, was extracted with 50% sulfuric acid. 0.013% nitrogen




_was found An the extracted 011. A 1arge number of such cases‘

.have been found during presaure reflnlng. p-.

The ew.. uerseburg (Leuna)uwwm-mﬁ..¢wﬁ;~j_m_+ﬁ_~wf‘
_Eééé&éEX_QEEQEEAEéELEE__ : o

.

. Ve have learned in- the beglnnlng of 1941 of a determina—
tion/of.the baslc compounds in- 011 as done 1in Leuna. 'Thslr re- .
sults were uaed for an evaluatlon of the splltablllty ‘of 0115,

;.81m11ar1y to our nitrogen aeterminations. Becauge or'tha above
mentioned deficiencies of the Kjeldahl nitrogen determlnatlon,
their mﬂthod was immedlately 1ntroducea here to be run parallel
to the KJelaahl aetermlnatlona. Thelr msthod involves the extrac-
‘tion of the basle conatltuanta (or at lsast a part thsreor) from
the 01l in about 10% acid. The acid solut;on 1s then made strongly
alkaline and the volatile bases'wene aistllled over into. standard
acld. Thse acld consumption was fbunq b&'tltrntion and the results
exzTessed as “LasicilT* in =g XHp/11 oil. The followlng observa-
tions have been madn’on'tne,baggélty: ‘ '

a.) Very good agreement of duplicate determinatlons.
b.) Rather good agreeaxent in oils whlch should have had sgimi-

" lar nitrogen content fron thalr previous history.

o;) ' A nnlrorm suronb lowerlng of basiclity by refining of olls
with dilute aclds. .

Leuna has called olls with a besicity in excess of 20 as
belng unsulted for gplitting hydrogenation (an exception was a test
with 6434 D mladle o1l from Megdeburg (brown ccal tar) with a split-
abllity of 32 (poor, but st1ll ugeable) while the baslcity was 48).
Olls with basicity between 3 and 5 are defined as very well refined.




Our Present hxperience witn the Connection B *ween

Sglitabl tx ana Nltrogen Content or Baslc1§x of Oilg

the course of"tha last year 28 olls of aifzerentA

orlgln were. split in’ 50 ml conve“ters, ann their nitrogen con~>

.-tent waa uetermlnea by the KJeldahlvmethod.and.tne baslclty werse

determined, .The results are presented in a table. The spllt-';
. abllity value determlned as in uectlon 1 1is glven ln the 1ast

column of tba table. We may. conalder tnls Value to uean: .

Below 20 Unuseable
'20-35 - -Poor- |
05-5Q Moderats
- 50-~55 . - Good {nornal)
55-65 T Very Good
Qver 65 . o kxceptlonal
In the D‘agrams I ana II the splitabllity 1s plotied on
the ordlnates. ' The' Kjeldahl nitrobon contents are plotted along
'tbé absclesa in the Diagre= I and the besiclty on the Diagram II.
One should have expected a sizilar coursce of the curves froa left
to rlgh?lon the two dlagrans.
. Ho sucn relatlonshlp can be found in the Diagram I. Two
olls wlth nltroben valueg of O Q01 and 0.21% showed practically
the same gplitgbility; cn ‘the other hand greatly differing values
for splitability (17 and 78) were found for oila with almost ident-
ical nitrogen cdntent (0. GObﬁ H). Nor could any kind of regularity
be observed in the disiribatlon of the points in the dlagram.’
Tne Dlaggram II shows a 4lstinct cornection between ths

splitabllity and the expectéd buslecliy, even 1f the resulis were




quulte strongly scattered Exceptional eplltabllity was onlyyob—
served Wlth a basiclty of less than 25 poor sblltabllity only ror

Vbaslclty 1n*excess of 8., AL middle olla wlth‘baaic‘
up to 2.5 were at 1eaat well splltable, whlle no- olle wlth.basl~u .

’city in 8xcess ‘of 5 wers better than moderately well aplitable. -

' The 1ocat10n of the polnta in the dlagram permits the characteri—
zatlon of the relatlonahlp of splltablllty from the baslclty by
average value llnec and ‘a certaln dlstance above and below it.

'_ Wlth a glven nitrogen contant the location of the po nts above or’
below thellins le caguged by the ecatterlng'of the results on the
one h,nd and on the other by some other factors which are or deter—
mining Value on the- aplltabllity of an oil (b. p: range, a. p., phe—
nol content). The results ‘ghow that wlth.properly prehydro nated

.'olls ith a b.p. not 1in .excess of 325°C, the splitability must be
considerad satisfactory with a baslcity aof up to 4-5 . ng NH,/ll,
while oilgs with a lower aniline point, wihlch possibly also have
‘beég cut higber, ﬁhe basiti%?ﬁof legs than 3 ng NH,/ll,lé deglir-
able. This could be reached by sulfuric acid washing if needed as .

has-already been showed repeatedly by Dr, ponath.

/8/ 'Gﬁnthgr
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Diagram II. Splitting Hydrogenatlon of Oils and Its
Relationship to Basgioity (Nitrogen)

§-m 0. from bitum. coal

+ tar

o liquefaction
© * " . Rhenish brown coal
X

$

: liquefaction
Petroleums A or B middle o1l




- ‘_snfu Bydrogenation (6434
S Basio . Gasolins Cono. . Gasoline Cona. ‘
- Phenol $'N LR ) N 190, . . Calecul. to ~ Losg in .
A.P, Content = Kjeld." I.tr. . pa_ Not Stab. . 19.5 mv - Astly. Iyplunt.

0.01  0.007 2.9 . 19.8/1.5 - _ None  Good
0.02° 0.009 0.9 22515 15 : 5 o Good

9015 6 . T . Eme  Exoell.

| ol
o

‘aa.slo.s 1 0.02 © 0.011

Oonoo o

19.3/1.5 - & . a Nons  Exosll.
20.0/1.5 . 65 : : . None  Good
19.0/1.5° 65 : “Hone - Exocell.
19.5/1.5 - Yone . Very Good
20.5/1.5 . Henae Moderate
19.5/1.5 Kona  Very Good
2.0/1.5 NHems . Good
0.13 19.5/1.5 Moderate Moderate
0.31 21.0/1.5 t Hons. = Poor
0.03 O. - 19.5/1.5 .-
0.0l .0 19.5/1.5
0.03 . 20.0/1.5

"0.,02- o.011 19.5/1.5

0.03
0.13
0.02

10,02
0.02
0.02
0.24%

- 22.5/0.8

-22.5/0.8
22.5/0.8
.22.5/0.8
- 22.5/0.8

.

S
.

Liquef.
" .
| ]

]

: ,
‘I .

]

]

" _v

HOEEND D

1
2
3
.
7
8
9
10
.u‘
12

&

22.5/0.8
22.5/0.8
22.5/0.8
22.5/0.8

Eaae Very Good
Kone Vary Good
Becomes Poor

Streng -

Ecas Good

0.02 ©  0.007 T 19.5/1.5
0.02 . 0.009 20.0/1.5

- 0.90 0.008 ©19.5/1.%
0.02  0.007 '19.8/1.5

? Nons = Very Good
Modsrate Molerate

None . Vary Good

22.5/0.8
22.5/0.8

5 VE & F8E VEASUUIES ¥ BY

22.5,0.8 Slight Good

3 & & &SR %‘\2‘_83: g’\&fsssm

0.1  0.00% . 2.0/1.5 Moderate Moderate

0.12 ' 0.007 19.5/1.5
1.20 0.009 - - 20.0/1.5

1430 0.009 . 20.5/1.5

Distinst Poor
- 81ight  Noderate

N
(V]

21.0/1.0

3

8 E&E\ ¥
&

? Eone vPocr

0.62  0.008 19.0/1.5 . 4 Eens  Poer

0.03 0.010 : 19.5/1.5 . Kens  Very Good
0.02 0,006 . 21.5/1.5 S { Poor
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" _ ) Aphase was operatea as a slngle stage proceas

up to 1935, tmva.z‘ds the 1ast uslng catalyst 5058. A1l Kinds-of =
llqulu products from coal tar petroleum or, thesls with not
too hlgn an end point. could be spllt to. gasollne. The thruput
ana thu temperature were set erendlng en the nature of ths ‘feed
1n a way to oroduce a maxlmum amount of gasollne 1n the catchpot
wbile reeping the éasificatlon at a ‘minioud; ,Thls method is shown

schematically in Flgure I

‘The. catalyst 6434 was lecove edVLn‘lgss. It dces not
xhydrogehate as strongly as 5058 and glves'é-gasollng»wlth a higher-.
octane numbsar. It has been fouﬁq,'however; that this catulyst
. could not"be hsed 11ike thé catalyst 5058 because 1t rapldly lones
its splitsing activity when sPllttlng 0, N and S-contalning ligquid
pnase mldqieAqlls. It can be used, accordinb to the schems in Flg-

ure I, only for the Splitting of clean pectrolews A midale otls. All

other middle olls had te be workea up in q)two-stage>pro¢esa (Fig-

ure II). The feed in this process ls first operated under minlaud
splltilngicondltlons over a prenyarogenaflon catélyst (5058 or one
¢f the new dliute catalysts 7846 or 5376)l Gasoline 1s separated
from the product, ana the practically O ana N—free'prenydrogenated
miqdle oil 1s sﬁlit in accordance witn the methoas shown in Figure
I bver catalyst 6404. ‘'lhe products from the prehydrogenation ocon=-
vgrters and from the 6434 coaverters are Jointly distilled induge"

trially.




1ng with 6434 showed among othar.f that splltablllty of an 011
over 6434 13 essentially Qetermlned by : _
“f““*’l)‘ Ths boillng point curve of the o1l, 1in. particular 1ts

enu polnt. ; ‘
2). ‘tne hydroben content of the oil characterlzed by the
nlllne poant,
Q)- "Oxygen - content character1~ed by the content of acld olls.'.
4). By its XN uontent

The effect-ofAthe end boiling point 1s taken into congl- |

_-deiation by limltlhg it to 325“0, or with especlially good proper-

ties of thke o1l to a temperature of 350°C ”‘he.bolllng taumgn
above 3I6Q0°C have extrao*d*n“rlly great Bpllttln"~1nhlbltlng effect
in all cases co far 1nvest1gated
— . The effect of the aniline poilnt on oils having good pro-
pertles 1s slight in the principally interesting tield of over 7
about 40°C. Feed ®ith an aniline _point of -io°c coula s%1l1l be
well oplit 1f the olls were largely Irse from N ana 0, e.g. 8376
,'B mlddle 01l from the DHD resldus, Accofdlng to our-experlepce
the acld o1l content ghould be below-o.lﬂ to preauce gcéd apliﬁtlng
of the 01l over 6434. This 18 regularly produced by the dilute pre-
hydarogenation catalyaus of tne 7846 type.
The rule has, up to now, been used for the N cbntent of
011 that 1%t ehould be less than 0.010% by the Xjeldanl method. In
general the N content 1s the principal aplltting—inhlbitlng factor

1n common imdustrial practice.




A 5 e4per1mental material of ths 1ast four Jears Wée
'revlewed and a few systematlc teats were carrien out in order to
permit numerical exPre slon of the splltabll ty of oils. 'Thaﬁm_‘“_ 

'~resul s were' €ofge expressed 1n the concentratlon of gasolln of
a deflnlte end bolllng polnt in .the catohpot indlcatlng the ex~
“perlmental.con91tldns (type.of converter .catalyst pressuré, tem—
perature, ﬁhruput gas: 01l proportlon and the sulfurlzlng or. the '
“feed,. A comparlson of two tests 1s orten very dlfficult because
of the large nuﬂber of experimental requlremonts. It was. there—ﬁ

" fore important. to stanaardlze conultlons for a co*paratlve test,

" and make the gasgllne concegniration alogg tbe prlnclpal iten in

the Judglhg of the splltability of an oil. Dr. Péters' group bag

stangardized the tests ag follons.

Type of converter - - 50 mls with upvard flow

Catalys?t : €434 T plllg, standard pample

Presgsure _ 250 atno

Thruput - 1.9 (=75 g/h) —

Gas:ioll prOportlod .7 (= 200 11/h)

Sulfur addaivion '*.7 % CS Sa:03l

The tpmperature is regulated from time to tizme to have .

slightly over 50%‘gasoline below 150°C end'pOInt in the catchpot,
but should not be over 22.5 mv = 434°C, because the aplitting hy-
drogenation is of no practical Ainterest above that temperature.
The yeaperature is set in this way because ths testis give infor-
@ation on the‘yleld and quality of the gasoline under 1ndustr1a1
conditions, i.e. when operating for about 50% gasolinme ~150°C in
the catchpot, 1n addition to determining the splitadility of an

oil.




The splitabllity of an 011 ls therefore characterlzed by .
'gasoline concentr&tlon ana the temperature requlrea for 1t.

The ulltability of an oil coula be expressed by a'.lngle

'number 11 the relatlonehip between tne gasollne concentration and

_temperature were founu vhicn woqld permir recalculating the gaso—
1ine conceéntr aticns obtained at dlfferent temperaturee to gome

stand ard temperature.-

The volumlnous experimental materlal of the lvsf/four

‘Years 'shows that when the temperature 1s railsed 1/2 mv, the gaso-

llﬁe concentba;;pp in the catchipot (1in paercuiar the concentra-
: enstabllized fractlon'bolllng‘belo‘ 150°¢) ;ises‘by
This relutlonsnip is varled in the interval from 20-
in the catehpot (Figure 111). » -
This reldtlonship~perslts recalculating the
centrutions obtulnea at any temperatures, vut espescially between
18 and 22.5 avy to ‘o Tixed tesperature. 19.5-iv has "been selecled
“our tests (Dr. Peoer"' broup). This gasoline ccncenératlon
calculated to 19.5 av glvEs In a single number, withcut any sub
cript, a measure for the splitabllity of an oil over the 6434
catalyst. I% has been called by us the “splitablliiy”. Ve can
characterlze thils magnlﬁude as follows: '
0-20 . oo Unugeable

21-35 Poor

36-50 . ' Kcderate
51-55 Good (Normal)
56-65 Yery Good

66 and cver 'Exceptionrl

A certain ccanecticn between the gplitabiliity of an o1l

over 6434 and 31ts N content has been known {or gcme tilme.




'-l ests on the splittlng hydrobenation of oils alone or
Wlth the. adaitlon of N compounas shov the’ great e*fect of small

 1amounts of adaed Y compounds on the "plltablllty (Flgure IV)

One could tnerefore have expectea a clear connectlon T

l,between the analytlcally obtalned N values of dlfferent 0115
l(KJeldahl) and thelr splitablllty. The results are shown in tbé
Diﬁgrdm I, precqédlng'urtlcle.1 One might have e tpected a general -
dlstrlbution of the péints from the uppér left corner to the,lowerv
right corner, Such ié n6§ the case hcﬁevar. Syétebatlc éxﬁeri— ‘
ments performéd latef show that the Kjelaanl determination wés too
inaccurate for the range in questlon‘(O;OOO-0.0loﬁ). Tbsln valuesg
obtained by uhlg methoa with synthetlc midale olls would have made
ct a zuch poorer ﬂpl‘cabl-lrv of thcse ollb, than -wag act—i
se, ana Whlch.coulan't»be correct froa tha :
_ preparation of taese feeds.i ‘ »
A new zethoa of N deter;{n&tlon Eeca:e xnown 4n the sEring

7 1941, which was uged in Leuna for the c01urol of the X "efi. ing
Guring the ppehyaroéenation.‘ br. wittaann ‘11~;g5n a’ re,ort cn
this iethod, .It will be merely zentloned here that in general twoe

tters, but atv leasﬁ one ilter cf'oil, are used for a double deter—‘
minatlen. The results are expressed in =5 WHy/11 011. This nuaber
has been called the "basgicity" .

We have lmmedlately applied this method for the 157&5?1—
ge>lon of our cils. The relationship between the sélltablllty of
many olls found from eplitting hydrogenation tests was atudled in
the light of the baslclit vy, of -these olls. ™The resulis are shown in

Flgure V. Cne might have expected in this case a distritution cf




the polnts from the upper left corner to the 1ower rlght corne ,,7 .

a8’ in ths relationshlp between the aplltablllty from the. Kjeldahl
nltrogen.ﬁ “The dlagram 1n the. maln Justifles thsee eXpectatlons.

The width of ths band 1s caused by the “use of ‘B mlddle oils from
"different sources (DHD -re: 1dues, bltumlnous coai'tar, bituminous
coal 11qu°factloh producze, brown coal llquefactlon and petroleum)...
Also by the dlfferences in the anlllne polints, phenol contents and ‘
_bolling polnts of the B mlddle olls. uged. We believe‘ however,
that a mo“a culet oparatlon of the prehydrogenatlon convertere tban
is obtalned in our 200 ml converters. woula result ln an improvement
i.e. that presudably tna baslcity wlll be even oore to be recodﬁen—»
ded 'in industrial evaluatlon of splitability than we have found. It

1s, @oreover, not exoluded that tihe analytical method itself can:be '

We must sdd'tb our dlecusélon 6f>Flgure Vi tests in which
fhe catalyst efficlency dropped nore rapldly cannot be conalde red
in thlis connection. 1hle was obtalred also wlth ‘0115 having very
good‘bggiélty, é;g. with the B nidale o1l froa 5058/7846 stall in
'Leuna; High N content of olls causes, according to our experlence,
a.low, but constadt space/time yield over 6434. The drop iﬁractl—
vity zay be caused by other factors, “cuslbly by a certain propor-
tion of dl—olerlnes present in the oll.

The figure shows that poor splitadblility has not yet been
obgerved by us with correctly cut producta wlth low basicity values,
a8 long as tests 1n which the catalyst activity dropped were not

conézderea. Far more frequently has been obgerved a; unexpectedly




good snlitabllity with higher baslclty.. Ye have -no reason what~': .

vOuver to assume wrong results from ths laboratory. It rathsr‘
ueems to us that the 011 was - contamlnated by NH; or.somethlng
fllhe lt,ﬁuhs source of Whlch 1s as yet unknown to us.' The sen-
sitivity of the method may be Judged from. the f'ollowlng .
If a properly p”ehydrogenated bituminous coal B mld
011 wlth a baelclty of 3.0 1g contamlnated wlth 1/10% of crude
‘proauct, 1t will 1mmgdlately be expreased by an 1ngregaq_ln»the-b
bzslcity to 3.8. If the contamination 1is with iﬁ-éf the crude
» prodaéti’thé_ﬁaslclty w11l rise to 11.C which Wlll make the B
| midale 011 -ractléal‘y'unuseublavfor‘wo-“lng . up over 6434. o
.Brown coal tar and biltualnous coal l.t.c. tar have'hot
beeﬁ in:luded in the feed in Figure V. They occupy a speclal
posltion wilth regpect to many hydrobenatlon propertles. In ail
cagec investigated, the spiit aollity ol the B middalexwoills from
theso :aterlals wae better in order of magnltude than cculd have
been expected from the basiclty values. A baslclty value of over:
10 represents moderate eplitability 1n Figure V, but the mrtdle
‘olls of the above mnntlonod uaterlals were wcll splitable even
with baeLCL y'number of over 7O, 1.e. they could be used lndusﬂ
trially as 6434 feed it prOperly’cut' {end point not over 340°C).
A perallel case 1s found in the a-or s-middle olis froo brown coalv
tar es the onl} feed 'which could be prehydrogenated over 6434, and:
the 6434 reduces 1%s activity relatively very little in thls cperation.
The petroleua A middle oile also behave differently frcm

the B prcaucts of bltamlnous or brown coal. Among the large number

3




or'éii 1nvest1gated thsre were some with a basiclty between ‘20°
"ana 40 ‘and while not good they s%111 could be 8Pl1t with. Batis
fagtory 1ndustrial efficiency, 1.e.'about llke the B reed from
':bltumlnoue coal wlth baelclty values bgﬁween 5-10. Oon tbe other
'hand a Japanese oll whlch dhfferea in: 1ts hydrogenatlng proper;
.tles from . all our known olls was dlfflcult to spllt wlth a basx-'
city number or 1. 9.
In general, the. crltlcal baslclty of the petroleum A
middle olls may be about three times as hlgh a8 or the brown and 
S

‘bl udlnous ‘coal B mia dle oils.

~Four pctroleum 8 mldale olls were split since the intro-

’ ductlon of the baslclty method. The anll;ne point of all the rour

011g varied between 1 and 52, thelr'lodlhe nuzbers wefe_slmligr
and the aovld ;onstituents'were the same as 1n the correspondlng ,-
‘A-midale olls,jﬁutvthelf baaiclty'numbera were about >0 times
higher (450-750). All of them were uncuited for-splitting hydro-
genation.
Ail of'tnls points to the effect of nitrogen not being, in
all cases,'pr0portlonal to 1ts concgntratlon. We suspscted that
. the foram of combinatlon of thls nitrogen in the molecule Affécted
its sbllttlng inhibiting act;on. Tnls susplclon led to testlng of
itrogen added in different forms upon the splitability of a largely
K-free o1l {refined Bruchsal gascil P-1203). 0.016% N was always. .
.added to the oil, uaing in individual instances compounds llke di
butyl awnine, aniline 41 methyl anillne methyl naphthy1 amlne,
pyrrol, pyridin and quinolin. Nltrogen ¥as uherefore added in the
form of aliphatlc amines, aromatilc amines and unaatura;gd batero~

\



0222 «1‘-_.478'.
' cy.11¢’§om6bﬁhds. Piperldl,.is yet to be ested as a repréaén;
‘.tatlve of saturatad h‘terocyclic comnounds.v

_ The gasollne.concentratlon obtalnea wltn the untreated
"'011 was 1nvar1b1y determ;ned first. Tne figures 64 ‘62, 63 66,

67, 69 and 65 prove the good reproduclbillty 0& the tests. fThe
gasollne concentra ion fell 1n th~ course of five days through

~the addltlon cf nltrogen to 30, 34, 41 30, 54, 41 ‘and 57p of

.tha 1d1ﬁla1 values. Omittln nltrogen 1ncreasea tbe concentra;

tlon in every case agaln to 102 87 89 80, 78, 93 and 96
th5'orlgina1 values. Accor réing to thege tests nitrogen ln the

fofm of methyl naphtny}k amine actedrmost harafully. 1t was followed
by aniline, quinoline, pyridin, dl;ﬁetny; ‘aniline, dL‘butyl’amine'
and pyrrol, rhich qp“G“.B to dazage thé activity of 6434 the least.
Attezpts to 1ntroducc ahy-kiﬁd of pystexzatic arrangement of thece

results were frultless. Further tests in tinls fleld‘aie in progrecc.

e may suzmarize by saylng that Wwe conslider ths baslclity

at ecinently sultable for evaluatlon of the splitabllity of B nladle
olls or for the control analysis of the effectiveness of prehydro-
genatlon. We could meks no such clai:s for ths.Kjeldahl»de:erAJQ
nations. The determination of basicity of B mlddle olls has been
included in all the prelyarogenatlion teﬁts zade for over a year .

¢ - .

by Dr. Peters' group.

S

/e/ Gunther
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- et & clear relatlonshlp of gplxtability ofﬁoils composea - e¢—~v~ ————— :
mlytures of practically nitro&en—free gasoll and bituminous coal :

“liquefactlon midale 011 from Scnolven, Wlth calculated baslcity -
numbers of 0.0, 1.3, 2.5, 5.0, 10.9, °O ¢ ana 5C.0 showed diifer-
enceg which coulu be attrlbuted only to" ine nltroben contert of
the oils :

. Ginther

ne B“ucn"al #acoll P-12015 180 3(50”(“ wa.shed Wlth 50% .

sulfuric aoid (baalclty by ths methyl o"an”e method 0. 0 and in
every csase belo-» 1.0) ana the bituzdinous ccal liquefactlon mraale
~o1l of Schalven P-1271, 180—325”0r(baslqlty>a§put 5,000) wére uged -
to'brepare-mlxturés containing b.ozsi 0.uUS, o.1o,vd.2d, 0.40 and

-~s

1.00% of P-1271. The analyces of these miXtures may be seen from

the table ‘r:;zlow: o h . c : «

a

Z Init. % Caleal, Calcul.
£1271 Sa. ! 3,P, —22s 2.D. % Thenols  m.o. Sasicity

o]
>
—
u
q
D

0.000 . 155 330 0.000
0.025 . 150 323 ' 0.0C3
0.050 .e18 150 323 0.007
0.100 0. 154 - 325 0.013
0.200 0. , 150 325 - 0.026
L0.400 . 155 325 0.052
1.000 0. 155 327 0.130

QmME eI s I

W

100.000 185 26 335  13.000




The analyses show that olls A D L F G, H anQ C hau
practlcally the same anlllne polnts and bcillng point curvec.
Experlence has moreover snown that the phenol content of 0.'
ap to 0 6 in nJ@rogen-rlcn feed “{ana su°h are the mlxtures g
was but of slight 1nfluence on the splltablllty of 0113.-‘

‘ No effect of hyurogen content bolllng polnt curve ar phe-
nol content 9f tnese olls upon splltablllty was, to be expectea and:
"the uiffergnce ln splitability must be attributed to alffarences in
the nitrogen contents of tne'oil. Tne ‘mixtures were. g0 compoundea

that a noticeable difference in Jpl’tabillvj was to be expectea be-

__tween the olle A ana D.

All olls were sS»lit under strxctly comparable conalcions[

as follcws: different converters of tos same type were used, and

in each converter a blank teat with oll A was carried through. - The

conattions were:

“'pn of converter - 50 mls with upvwsrd filow

Catalyst ’ S €434 P pille, 22 11 crarg

B . for Dr. Peters

"Pregsure 250 ato gas_ (= 245 atm Hy)
Tepperature ’ 19 av = 373°C
Thruput : ‘ 1.5 kg oil/1i ca»alyat/n = 753/h
Oil:gas . 2.7 cba/kg = 200 1i/h
Sulfur adaiticen 0.75% (Sa to o1l

The blank :Qna with dll A plve the following results:
Coavertisr Gaso)line Concentra%tion Splitability

2 66 : 29

3 &7 : ) 80

7 67 80

'8 65 : 78
‘These results indicate thelr excellent cc"pa“abllxty,
Tme splitting hydrogenation of olls A, D, E, F, G, H and

C give the following resultis:




L »rheoretlcal Basicity, = . Catchgot -~ . - S
L mo_method . Bb.Gri T £ -150°C . Splitability:

[

0.c - . 0.2 86 . . 99
1.3 S 0.3 62 74
2.5 . S 0.732 . 68
5,0~ . 0.742 64
0.0. "\ 0.751 o _ - 58
20.0 < 0.764 - 52
50.0 . 0.774 .. - o 42

'dmnﬁmc$w

As vas to be. expeoted; a clear relationahip betweén split~

_abllity ah@ the baslcity of the olls can be geen. Taa curves in

the appe dix show 1t graphicall

e
Gunther
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REPIA NG OF TERRANA IN 6434" BI
’ SINTHLTIC SILILATLS

Summary

Catalyate were urepareu of preclpltated alumlnum 8111~
cate and WS;, simllar to 6434. ‘These catalysts were compared |
with 6434 by working with Elwersther gasoll. They were inferior
in space/time yield and purifilcation by about 20%, but are super-
lor 1n the quallity of gasoline (aniline point and octane number)

* to 6434. Bltuminous coal B midale o1l (obtalned from 5058 asg.well
as over iron tungsten catalysts) could be xorhea,up per;ectly with
thesge catalysus. o

‘

The motor gasollnes obtalned witn the 5058 B middle oll
bad an octans number 5 to 6 units higher than when prepared wilth
6434, whtle the space/time yield and gasification were by about
25% poorer than with 6434, .

Dlrrerent catalysts were prepared to corrasoond with 6434
in which precipitated ellgc‘ es wore used as carrlera ingtead of .
the natural bleaching earth ) The preclpltatlon was done by acidi-
fying with hydroéhloilc acid an alkaline solutlon or codium 3111—
cate, an alumlnq@ salt (and occaslonally esmall amounts of iron anmd
Amagnesium salté) and the acld neutralized with ammohia to a defi-
nite pH value. ”ne elllcate preclpitated gradually from the gol
and was finally filtered and waghed. -

The followlng carrlera were prepared:
For Cgtalysts : Composition

7344 : Alumlnum sllicate precipitated at pH - 4.5-5.0
7401 Ch I " with gome Fe + Ng
preclpl tated at pH 6.5




Alumlnum slllcate with' ‘some Fe + Ng
. 'preclplitated at pH - :
Aluminum silicate with some Fe + Vg L
pracipitated at pH = T 8.0
" Aluminum silicate with some Fe- + Ng ’ -
precinitated at pH <+ 1Y.5

10% WS; 1n the form of yellow salt wasg addea to thsse cata—
lysts 1in the uwsual Way. The catalyst, 8o ‘obtailncd were tested with
“the Elwersther’gasoil (P 189 gasoll-redlstllled)' - The table gives
the results together with the ugual resulia with 6434.

The Iollow;nb is to be'noted 1n-tne results.nr

Thei;ndlvldudl tests were as nearly as oosslble conducted
to the sace bolling point beqavtor of the gasolines (% below 100°C).

F,A'comparlsbn with 6434‘sh0ﬁed that: the sﬁace/tlme’yleld 1s.fhnoughp

cut gmaller than with 64¢34; 1t is tetter with the acid preclplt&ted

catalysts than with tne baze precipltated. The gaume applies to the’

pércenkdge of gasoline in ﬁhé product.
GasiTicitlon also is throughout hijher tnan with 6434, aﬁd
hest ﬁlth.thc acld preclpitated catulysis.
The quallty of the gasoline produced is better wlfn the cata-
lysts upon synthetle carriers, than with 6454.» Here agaln the acld
preplpitated catalysts are better than tne alkaline. The octans

nunbars 1in the acld catalysts, cozpared with 6434, are about ac

follows:

H. M, " 6 points better
M.¥, 6 points better
MM+ 0,03 Fb O polnta betltar
Lead sensl-

S tivity 6 pecints poorer

The aifference in the octane nuzber is at least partially

to be attributed to the lower anlline point of the gasolines (49




T-479 -
E agalnst~53 wlth:ﬁhé 6454 gasbilﬁé); For this reason no oonclu—_"
‘~— gions can be reached on lsomerlzatlon.‘ I )
" The nltro&en sensltlvlty of some of the catalysts is also
- included #q,the table. Abcqmparatlve test with 6434 ls»notiavail;

ablé;

N

Some;of the catalets were'teétea with 5058 B mlddlefdllr

from Scholven (a;p. 39.5°C, bolllng range 195 302°C), or’ even with
“an Fe-W B mlda;e oll from Scholven 11quefa tlon midale ‘011 (a.p,-
30°C, .bolling range £05-313° C). With the 5058 B mladle oil, 6434 |
had a thrupht of 1.5, space/time yield 1.1 snd 8% gasification, b
HM.75.0, E.73.5, 1. + 0,09 pB 87.0 without loss of efriclency,
7378 thruput ef 1.5, space/time yleld é.B'and 12% gasilfication, B.M.
81.0, K. 75.5, 2.+ 0.09 pB 87.0 without lcss of activity. =

The Fe—w B middle 01l was used rith the catalyst 7401 Ch I
w1tﬂ & thruput of 2 and 21 mv the upace/tlme ylelda was 1.05 wlth
145 gasiflcation and nl nout loss of activity. The gasoline with
the end point 185°C héd a %1187, 8. 78 and M .+ 0.09 pB 88.5. |
QRPeUrs us 1f all Tuese OaE«lJuta can be perfoctly aat-

isfactorily used at least with tne.&ObB B mladle o1l from bltuml—

"nous <cal.

/8/ Gunther, Hartmann and Simon
Y
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'.TERRAnaazxuc SULFIDE~LUNGSTEN - AND PERHANA-ZING SULFIDE-
MOLYBULENUL CATALYSTS FOR SPLITTING HYDROWENATION :

Sunmary

L. The catélysi comblnation terrana HF }-zlnc'aulflda‘had.a
very hlgh waximun activity with 15-20% Zns.- : ‘

'2); Yhe adai*lon of 1% ho or W sulfiaeg uppreclably increased
this maximum, ] b

~

3). catalvsts 7420 85 terrana HF + 15 ZnsS + 1% WSy and 7421:85
terrana HF -+ 15 ZnS + 1% 0S5 gave about the same space/tlme yvield
and gasificatlon during the splitting hydrogenation of petroleum
as 6434. The xnocking values of the gasollines were on the averabev'
1-2 unl te nlgher than with 6434.

4). These catalysts were reversibly harmsd by nltrogen cox
pounds, similar to the catalyst 0434

5). 'The bituminous coal mldale oil prehqdrobenateo with 5058

__oan be-gpitit over 7421 witooul aiffic leg.

-

6). In tae cozkbination of terrumxlﬁkzlno oxlde (+ 1% W33)
the mixture 85:15 1s.uuch wore active Taaln tne compone . ‘Ins
activity of tne catulysts with zinc sulflce adaltions have, however,
not been reachea by far. .

7). . Addltion of cadmiua, iron am lantaanua to terrana -ZnS-1 W
catalyat lowered the aculvlty.

B PETROLEUR »IDDLE OIL

Operating Condltlong
The tests wers run in a 50 Dl vapor phase converter at 200

atm uslng redlstilled klwersther gasoll, boiling range‘200—325°0

>




'with the addltion of 0.75p carbon dl—sulrlde wlth a thruputﬁo
2 (1n a: few casee also 1.5) anu 2.5 cbm Hé/kg of the feed.

Tne catalysts were maqe with ths aaultlon of zlnc in’
lfamounts ccrrespondlng to ths ‘chloride adaitlons in the catalyst
7425—(composed or ‘805 HF-treated terrana ana 20 parta zinc chl‘
rlde and prepared by sulfurlzlng at AOO°C)' ‘they - contalned there—
fore lnstead of 20 parts zinc chlorlue about 15 parts zinc sulrlde‘
or 13 parts Zno. '

) Reaults

Tpe‘results aré-prgsentéd.numerlcallf in Table I (arrangsd

1n order df the cdtalyat nuobers). {Not reproduced)

v Table II oontalns catulysts preparea from nerrana and zlnc
acetate by preclpltatlon ana saturdtlon with Mo or W in ths fora of
sulfates and arranged accordlng to their zine content and alwaye
characterized by the splittlng hyarcgenation tezperatures uged and
the motor gasoline flelds obtained. (lot reprod@ced) 7

The HF—treated terrana as well as the precipitated ziac
sﬁlflde are but little active bj>the:aelves, even after the addl-
tion of 1% Mo or W and at 200 ata pressure. All mixtures of tnéae
compdnents are boré~act1ve and tane activity of the mixture 85 pgrtsv
terrana with 15 pafta zinc sulfide hrs an extraérd;nérlly strongly
expressed maximua, which 1s still appreciably increased by the éddi—
tion of 1% Mo or W. Even as little as 0.1% Mo causes a remarkable
increage in the act}vlty of the terrana-zinc sulfilde catalysts.

Fig. 1 shows the gasoline production graphically againat the terrana:

zinc sulfide ratio. The temperatures of splitting hydrogenation




:shpwethat a . very strong maximum of the . Spllttlng 1s\obta1ned wlth

terféha'2n° '585.15 although catalysts with other mlxlng proporq
:tlons were eperated at higher temperatures. The tendency of the
"catalysts to lose thelr actlvlty, which 1s very great -with catalystc
‘xfcontainlng hlgh Zn content 18 reducea wlth 1ncreaslng actlvlty.

Testa with gatalysts 7426 and 7445 ‘show that the catalysta
orepared ed from chla by uulfurizing with HyS at 400°_ are almoet as.
active as tnose produoed by the preclpltatlon from the acetate. A
CJtaLyst preaucea by u“eﬂlultdtlon from ZnCl, was) however, appre- '
olably. lees active (7&44)

oubstltutlnb zinc uyqroxlde for the Znd (catulyst 7444)
results in the formation of a very little actlve catalyst. On the
‘otheér . hand the ZnO-terrana contaln ﬁg 1%-WS; (7458) st11l had-a‘fef
zarkably high activlty. with 0;98'space/t1me_ylelﬁ 1t wuas, however, -
codsiderably lower than the cerrespcnﬁlng gulfide caﬁalyets (7420
witn 1.35 space/tl ze jlela) The addltloh of chroziuz o;ide to ZnO
reduced the catalytlc actlv;ty of this catalyst (7481). '

4 partlal replacement of ZnS by cadsium sulfide {catalyst
7466) apereclebly redueed'tpe catalyst activity. The addaltion of
iron sulfide was also unfavorable (catalyst 7461). It causes simul-
taneously reduction in the octane nuaber of fhe gasoline (R.M, 65
instead of about 69). A partisal reelacement of the zinc sulfide by
lanthanum oxide {catalyst 7453) 1n 85 Terrana-15 Zns-1 Wﬁ; reduced
the'space/tlme Yleld stlll further than the corresponding cadalicy
addition. .

-85 terréna—lS inS-1 do ana 1 tungsten catalyst produced gas-

olines with somewhat lower aniline points (3-5°) and correspondingly




ma——

soﬁeﬁhét-higher bdtahe~huﬁbéré leé polnté). 'Thafspacé/timé'yiéld
i was - in general the same as that of 6434 ‘ Tne latter does not how-f
'ever lose its activity with a. thruput or 3 kg/ll/h whlle the terr—"
ana~zlnc sulflde catalysta wlth one—tenth of--the amount of‘tungsten"
“reach’ thelr maximum 1oad’ Wlth a thruput of 2. O.
‘ ‘The nltrogen eensltlvlty 18- equally prominent 1n the zlnc
'oatalyst as wlth 643¢, and the damage ls also. reveralble. The addl-
tion of 0 1% of anlline to ‘the 1njectlon feed caused the epace/tlme
yiela to. qrop to one-half 1n the course of a few hourS, and omlttlngh
the anilin adaition caused the apace/tlx:e yield to x‘lae agaln to
the orlblnal Value in a sbort time (converter 10, 9/14/30u In
uagreemnnt with thn n*trogen sensltivlty a middle 01l apparently 1in-
sufficiently prehyarpgenatea over 67;9 cguld not be oplit with good
space/time yield and without é loss in activity over the 85 terrana-
15 Zn“-i MO~cata1y5ts.' o good results coula be obtalned wltn,tnla
' feed over 6434, and no flnal Judgqﬁbnt therefore la possible on the_
inferlo"1ty of the Terrana-zinc. sulfide catalysts with 1% Mo or W
in comparison with tha terrana 10% WS, catalysta.»

. The 5058 prehydrogenated biltuninous coal liquefaction middle
©1l could be perfectly operated with-the 85 terrana-15 Zns-1 No cata-

lyst. A specilal report is made on that point.

/8/ Peters and Gunther
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COMPOSITION AND PREPARAT ON OF 6434 CATALYS

~ Tns éomgosifloh‘of'theboétalyst_s 4 with 104 WS, doss
not correspond to the optimum aotivity of dllute catalysts. Cata-
iyéts with muoh smaller amouﬁts,of WSa have already been prepared,
'which had equal activity. Tous, the oatalyst 112931 with 3% WSa
'%ae cohpéred with outalyst 6454 containing 104 Wsg and 1t was
found that the space/tlme yleld wus almost. the same with 3% WS
2t highsr temperatures and with sowewhat greater amoungé
‘fication, 4 conclusion was at that time drawn that with

4 -, +
rich ; 5 the catalyst

gsiol

or W83 saturation, ana inege-vari.tlons re wuch aigher
*n the 6434 catalyst witn the nigher wS; content., 7Tuoe in-

of midale oile d 5 rérczensticn waa not




always perrect am could ’oe moTe . rea.nily aone wrt:h ‘the 6434 cata
lyst than with ths catalyst cont&ining only 3% Ws;. Thara was

additional-”eason in. the longer 11!9 of the 8434, This 1atter
u_assnmption may not Eave been stitlad but I will polnt out ‘that

in oy opinlon the loss of%activlty of - 6434 is not %o be attrlbuzed el

to the 1nactivat10'1 of ws;, but to 'cha.ngas in the surface of
the HF-treaten fuller s earth. ) i
Acooralng to the present status of prehydrogenatlon 1n tha
worka uslng 8376, and followed,by a washlng, the question ot.the
" lowering of Wsa»conient to 5 orlto 3“~would;be 1mportant'whsn we
do not oonaiaer tns “ecovery of wo, from the used up 6454 “which
can be uore wilth good ylelds. -In tne recovery of WO from the -
catalyst witn over 7.6% WO, the ylald of Few 1a 93%, ana only 65%
with 5% W0,y ia the catalyat. ¥We loas, therefora,‘durlng recovery
7 kg of W05 when recovering one" ton ol catalysts vxtn 103 Wo;, and
17 kg TO; froa the YO, catalyst. The present 6434 oacalfat‘uses
.double the amount of W03 as the 5% WSe vatalyst, but toe relative
and zhs abgolute losses of WO e_ff?ller and the operation of the
oplitiing hySrcgenation stall, and the quality of the 6434 products
18 more certain.. The preparation of 6434 has been changed somewhat
- Zfor the productlon of perfect catalysts. Ch#nging the process on
an industrial scalevhas.so far beeh a%oided for safely recasons.
One zay, €sEes eliminate the proauction of the yellow ‘salt and dia--
s0lve W03 dlrec-ly 1n, (NH,) 28 by saturasing, or simply saturating
the ful;er s earth with W03 dlasolveu in HF Both catalysts eare as

.~

" good as 643%.
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REFINING camﬂws 7525, 7675, 7360, 7846

Ths reflnlng catalysta 7525 ana 7075 proquced mlddle olls
wlth a. lover anlllne polnt than 5008 ' hey coulu be worked. up
wltb 8434 1th the sane space/tlme yield ae the alaule olls pre-
hydro enatea wlth 5058, but at a,.eagerature 0 5-1 av nlgher.'

In th~ meantlme rerlninb catalyst 6719 had been ﬁeveIOped
with tna same 5058 contents as the 7525, but whlch is a much better
prehydrogenatlcn ca»alyst anc n“s to Qate becn tested 1naustrlally
wltn bituminous coal feed The anlline point‘of the b- midale olls
and tus eplittlng byarogendtlon efxlclency of the. 5088 prenyurogena-
tlon nave not, how ever been comyle»ely reached wizh this catalyst.

. The. subsequent development or 7360 has led us to refining

catalyst 7846, wnlcn‘has a very good reflnlnsjactidn with bltuminous

coal as well as with brown coal feeds (ellmlnatlon-of O'ana N com-
pounds). The aniline poinc of the prehydrogenation middle oll was
not aa high as reached wlthSOéé, but tne mi1ddle olls could be worked
up wlth‘:he.same sﬁace/tlme Yleld of 6434, which 1s to be aterlbuted
to the even better phencl and nitrogen reduction than with the 50585,
ne advanuage of thie refining catalyst is %he bigner octane number

or the 6434 gascllne proouced. The eplitting 1s less with 7846 than
with 5058, and lesa prenydrogenation gasoline is obtained. A




A comblnation of zo% by volame of 5058, followed by 80,9

of 7846 the spllttlng ana tne anlllne polnt oan closely approach

the vaLuas—for—tne-ﬁOﬁS prehydrogenatlon.
Wa recommend therefore tne use of 7846 alone or in com-

blnatlon witn 5058 tne deacrlbea above.‘
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PHEHXDROGENATION CATALYSTS:

Tne Use of 8376 Prehyurogenatlon Latalyst (Alumlna—W—Ni)
¥or Various veeda o

Swmsary B

1 ) lﬂﬁ apace/tlme ylelu of the llquia phasge ras reauced in
Mabdeburg because of, the cnanbln° over froﬂ Ho- to 1ron. It has
been prOpOBeQ to equalize toat by cuttlng the a + g dAlstlllation .

" higher (up to 325°¢)., a feed cut ~434%C 1n toe first btagn cannot
be workea ug ana tne prenyarobenatlon 11 uagdeburg was done by
Alntrouuclna a speclal cataljat €.5. B376.

2.) Tne present Lagdeburg‘vapor Qhase‘feed with :5& bo*‘: "

.point -310°C, as well as the feed obtauinea by a hlbhar cut of the
a-+ s dlsglllatlon, boliling polnt -360°C, were worked up over- the
catul}st 8376. Prodaucts were prépared with a “—mlaale 011, aniline A

point of over 60°C (maximua hjdrégenatlon), and with 3.alddle ozl?

anlline point 45-50°C (correépondlng To hyarogenation over the
cataijst 6431). The four {-mldadle ollg were &8plit over the catalyst

6434. ' '

3.) The catalyst 8376 n&drOgenated appreclably stronger than
6454_at 1%s cpilmum tewperature, |

4.) Wnen hydrogenating tne same 3-middle oll wita an aniline

polnt about 45-50°C as with the catalyst 6434, the gasoline is more




vstrongly hwdrogenatea over ‘the catalyst 8576 ana 1t3 octans. num—'“

'ber 13 not as bood as of the 6454 prehyurogenatlon gasoline.: The
>8376 B-midale 011 cannot be spllt as reaally as the 6434 ﬂ—mldule
voil 1n"sp1te or ‘the batter Dbasicity of theﬁ»

5.) ‘'When 6434 gasollne is compared prepared from 6434 and 8376
'b~m1ddle oils wlth the same anlllne point, we flnu tnat from the
8376 y‘mldule.oll a gasollne 1s obtained with much less aromatlce»“
than from the 6434 - 8-mladle 01.1 The octane number M.M. of the
6434 gasolzne from the 8376 8 mluqle o1l 15 about three points
lower with the saze cut (68.5 abainst 71.5) " than ‘the’ 6134 gaeollne

from tne* 643% R-mldnle oll.

6.) Tne finisned gasoline obtained by the methoas 6434/6434 and

8376/6434 diffor caterially in thelr conOsitlbn and octane number,
The 8376/6434 5asollre contalng tne éame-prgpbrtldn of parafrlné;
less drbmutlca~(9 against 1?) and_correépondlnsly mbre naphthenes
(34 against 27?. 'In spite of the low content on prehyarogenation
gasoline the oétane nuxzber is 3-4 points 1qwur (65-66) than the
6434/6434 gasoline (octane number 69). .

7.) The principal experimental rcsults have béen”collgcted in
tables. They show that the space time:'ield of the ;i ula_phase

‘could be increased by a higher cut 1f the first 6434 stage of the
végbr phase 1s replaced by 837675tggg. This 1rcrease in the egaéqz
time yield would, however, bg accompanied by a reduction of the -
ootane number of the finished gasoline from 69 to 65-66.

/8/ Gunther
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HYDﬁOGEEATIdN G OuIKE: EF?EET OF RAW &ATEPIALS, CATALYSTS ABD‘
: y : : OPERATING PROCEDURV" PR ’

"By: M. Pier
AnQGerdta Cnekie, V01u~e,51 (1938), Poges 603*6:1
" Qonaral Infory ’f‘gw_gn_gabaﬁzzﬁansﬁe.ﬁmﬂxgzgz&SLst
' TLe morld reser\os in pe.ro*cun oila s much saallef tbah.
LL“ cogl feccovven. “oreovor tso p«ooortion of gesoline to thc
us cong tuenus in nuturs potroleum is not 4n’the
ive relati zsnip tn vhich thsy are used 1ﬁdustriaily.
n gzsoline yields from the cruce 0ils ore incressed
» peretions, and 1ncrcas¢no emounts of solld fossil
2.5 sre uscd for the procuctlon of 11quid_motor fusls. In

rurely thermal processes for the production of

‘ydrocerdbors forzorly exclusively used, such s

fha erzcking of petroléu:, cokirz, or lév tenperatﬁra cardbonizetion
‘of aolié fuels, éo*e other processes hsve In the course of tize
tocome Iz po‘uent e.z. tXe polymarizZation of gascous hydrocardons
froa nsturel ges end erceling goses, cotalytic eracking, catalyliilc
kycrocerton sjnthcsis {roa carbon zopoxide-hydrogen nixturea, snd
in particulazar the catalﬁtic Pressurs hyérc;enatién. Liguid fuels
cre procuced bj purelf ihermsl processes r;cm coal and other rav

meterisls of high moleculer veight, but the yield from distillation




and rvfininv is relehfvely small, because of uhe lou"originel
"hydrogen OOHuGDt. Houever, a conversion of such hydrocarbons
im.o 1iqu:xd p*-oducts accomp;niee by only slight. 1ossee may be
Jp;ocuced by splittinu at high presqure 1n tne presence of cetalysts,'
ané vlth 8.3 multaneous aodimion of hsdrogen. . . e
"he hycrowcnstion of coal snd .01l undoer pres sﬁre has-alreédy
 baen dcne by Bersius in 1913, but. thc process hss acquired pructical :
imnortenco only sf e“ the 1nuroduction of poison-reaisting cctslysts
uv the I. G. Farbeninoustvie A. G Bitwinous cosl, broun coal,
peat coal resiixe cts, pﬂtca, high and low tcrporature tors, oil
nb 1le, pcurolbum bnd it3 distillotion, extraction, and crackino
precucts, ctc ¢an be used s rov usteriels. High yielda of fucl
:oils or high grece éiczol 0113, 111uniz3t1n3 oils,_lubricants,
poreffina end 533011:93'1n zrcat vé:loty of propertics sre the
_prodhcts obtaine¢. It aust be in particﬁiaf‘eﬁphasized thet

4cstalytib bydrogenstion erzdblas ono to =cot the»éontinuoualy

rising reguirczents In the quality of tho products, in particulsr

for g=2solinoes. » ‘ ‘ . .
‘.'.The adapt&tiod‘of the procesa'to the difforent rsv materisls
cnd to tho requlred p*oportics of the firal products I1s fecilitsted
by éivid¢nu tue high p*essurc hyérogeznstion iato tvo dif¢e“ent
stzges of operations the h;gh noleculsr welight, ssphalt rich,

snd slao ash-containing'rev =atarisls, such as cosl snd hesvy

oil rc:icueﬁ, ere first vorked in the liguid phase with z finely
‘¢iviced catslyst, using only smsll anoﬁnta ofAcatalyats for the

veuslly consicerable rmount of splitting. The hydrogenstion 1s




R | -3 L Re3

>3 carried on ui h fixed- bed catelyst ove~ vhich bydrogen 15 .
_conducted together vith tne middle and heavy oils obtainsd 1n the
 :11qu1o pnase Vith rin the form of vsporo or‘occasionslly 1n part
blliqu;d, depend_mo Dn.tpe boiliqg po;pt and.the'operauing temperature‘
used.

The first effect of.the catalyst upon the high moleculer

veight aéphslts 1n the liquid phase consiaua in the characteriotic

‘ 0cccleration of thetr greﬂtlv incrossed regulated break«dovn.
- This permits an 1PcrOEoG 1n the thruput, vhile tne thor*al side
resction and ths gos formation are repressed.. Tho charscter of
the reu Latquﬂla fs 2t111 ¢istinetly recognizeble in tho products
of the rheza rcsction, oec;u#e'of tho smsll emounts of -
In‘tﬁé vapor pddse the courae of tho resction over sol*d
hcf‘ ctalyst is alnost completely detennined by ihe estclyct uhich
is used in this ¢gze in the higkest ccﬁccntrztion. The effect
»of the caésl:at ectlon is therefore hero very iruch strongoer thah'
iqﬁigwﬁha:e. Efforts ero therefore mado to énlurso fhe
icstioﬁ ol znc fixed ted catcl,staes much &3 possibla.
nuhs or even of several yesr3 13 expected fro: thea
They uzy te used snyvhere where their long life ¥ill not
Ee elfeeted by cdeposition of high molecular veight substasnoes,
in perticuler of espholtic nature. Th€§/is true for all the oils
of & mlcéle bolling renge; hovever, certsin high molecular weight
saphelt-poor rew zeteriels czm 8130 be worked with fixed bed
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“:cetalysta.. Thus; 1ndns> 151 broun ooal loﬂ temperature tar can
be converted 1n one stsge directly into psrsffin, lnbricating 011
and diesel oil, or 1n 8 middle oil vhich could be: next trestad by
vapor phsse hydrogenation. o o

A large number of’ specifioally acting poiaonaproof catalysts
sre available tocay, ‘and’ 1n them the relative hydrogenation and -’
'°p11tting effects are such that the operations can be dirocted
in any desired vay . One nay for 1natance take ndvantage of tho

1fferent roaction bossibilities for the production of'gaaoiiiér

of definite properties,.en 1rely 1ndopendéntly rrom the sy
meterial. The procucts obtsined over fixed bed- cutalyats ore )
vell refined 2nd stabilized. A further sdvantsgs of the aperations
vith high corcentrotions of catalysta is the lover production‘of
4 gt«ecL; ““drccsrbons, in particuler less methana and ethane, thsn
"tn ‘the iiquidphnse hydrogenation. This 1s psrticulsrly importent
tcesuse. of the largo an onnt .of h.drogen used up in theo forastion -
of gaseous hydrocarbons, vhile the hydrocarbona themsolves are of-
& lover vslue thsn gasolins, even if they can reach the fuel market
in the form of liquefied gaaes."

The effect of tempsrature is of predominating 1mportanco
for the course of the reaction- the velocity of the hjdrogenation
resction, esp°qially the splitting, rises with rising temparsture;
=oreover tho.eqﬁilibrium in resctions involving the combinstion
vith breakinz-off of hyérogen is alvays displaqed-in the d;rection
of cehycérogenztion s the tezpersture risos; Olefinic doudble
‘boncs are hydrogensted in e presence of catslysts at temperatures




as Al'cm 85 EOC% Refining 1s the prancipal px-oaasa at temperaturas ‘

of around 300°C- reections thererore teke plece v:!.th no splitting .
‘of the c-C. bonds s ’.At higheratemperat\meé of around txoo°c thareA o
48" much splitting to- gssoline by the catalyst, or-slae- there* is'8
largs amount of hydrogenation of ‘the feed by the hwdrogenetin,g
catalysts-., In this vay gasoline 13 producod v:lth 8 amall emount
of gas, snd in addition good 111um1mting 0ils and lubricants sre
produoed, or asphalt-conteining low temparaturo tars hydx-ogemted
and refined. If the tmperatm-e be further raised to #=0°C

middle oils sre obtsined from high boiling 0ils or from conl vith
mmsins smount of aplitting. ) Abov-e £00°C aplitting can be
procduced with proper catalyst vithout bydrogenation, or even with
dehycrOgenation, yroducing gasolinea vith high content :Ln aro:mtics.
Temnperatures at which these types of roaction proceed, msy of
_course be greatly arfecfed by tﬁe cataiysta and pressure.

In gqﬁoi-al » higher hydfoéen pressure results in greater
hyérogenation. It prevents theroafore the aepsration of low hydrogm
procucta » Dermitting operationa 8t higher tezperstures than. can
be done at lover pressures. The oils snd gesolines obtained
under such conditions zay bg even lover in hydrogen thsn with .
lover hydrogen pressures. Righer pressures xir;)cucé higher
resction velocities, permitting & greater thruput of rsv nmgteriel
throngh the ssme resction spece. We msy illustrate the effect
of pressure on the ‘liqn.‘ld phase operstions by telling thst older
bituainot3 cosls or high moleculs.: weight ssphslts sre changed
very little st A200.3oo ata, vhile st much higher pressures, such




as are already used indus%rially, :I..o. at 700 atm cnd over,

~the reactions proceeds vithout difficulties and at a. rnte satisfnctory

: for lcrge i.ndnstriel operations. 'l‘hc nse of- f'ixed bed . cutalysta
—-M‘“at higher hydrogen comentrctiono still furthor videns the,,rangeﬁ
. Cof applica‘bility of the different catalycts. It permits o.g. to--? '
produce hydrogenation action 'uith grcatly roducod splittins, or
“to proewe anti-lmock gacolines vhen nsing only ucakly hydrogenatim
'_ splitting catalyctc. L o
In ac’dition to the total pressure, the proportion of oll
. . vapor preaaure to tho partial presau:ro of hydrogen ia slso important.
In genersl the amount of hydrogenstion is rcduccd by increasing
the partial presaure of oil. In. sddition, the time of rcsidenco
of the feed in the reacticn spece must be adjuatod to tho pature
“of the reaction. . , ‘ - R
The reasctions Curing thc catalytic prosaurc mdrogenation
are not conducted to 8 conplete conversion in ono pess, but es in
most hydrocsrbon convoraiona. the non-connrted portionn are

‘ either returnsd, or ola‘c ‘rcactcd in a1M131 resction stago. The-
liquid phase‘:hydrogcmtion of cosl producos hesvy oil which is _

" returned uhon s middle 0il vwith but little liquid phasse gssolineo
is. dosired. Yhen the midcle 01l 1s returned snd the holw oil
formed is removed from the process, only hesvy oils sre foruzed
frca cosl as the finsl resction product, in sddition to the
1iquid phase guoline. The rsv msterisl could de conplot'oly
converted into gssoline by & complete recirculstion of the
niadle oil, but this method 1s not nsod 'bocsnso it vould rosnlt
‘4n s much greatcr smount of gaaificotion thsn is obtsined by




leading the middle oil over fixed ed catslyst to conVert it to

gasoline. ‘ ‘ . . : .
: The conversion of middle oil to gasoline in one pass :t.n the
_vapor phase s not: usual]s pemittad to go beyona =O to 808, and

the middle 011 is seberated by distillntion from the gasolino, and
' recirculated. 'l‘hia mreases the gaaoline yield with ] bettar » '
ntilization of the reaetion apace, ond 1t permits in sddition to

obtain gasolinea vith tha deaircd boiling point ‘curve.
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Figure 1 rep-reaent'a- scheasticslly an exsuple of the course
of pressuré hydrogenation reootions of 8 bitmainous cosl, in
eccordeme vith the description given sbove of the ch-ructerisuo

festures of t.heso resctions. It shows how much the chu-:eur




of the liquid phsse products depends on the rav materials 3 and

,"hov reedily it csn bs changed in the vapor. phase nsing fized bad '

catalysts .
: ngid Pha g mgx_ggg _
v The purpose of the liquid phase hydrogenation is to produce :
. intemediste products from high moleculsr weight raw materials,
‘vith gasoline es the end product. These intemediates fill more
or loss uniformly ‘the vhole boiling point repge i'rom tha gaseons
_‘hydrocarbons to the heaviest oils. It has slresdy ‘been mentioned
“that the properties of - theae products aro siuilar to the propertiea or
prod\r:ta obtained in the distillation or lov tmperature carbonizntion
:oI‘ the corresponding rov xnaterials.
¥hen petrolmm diatilletion z-asicuaa vith sn aaphalt ‘base or
8 nixed base b°11198 above 325%C are used ss the ,.liqu»id'pbase .
feed » middle oils sre obtaino'd vhich will rorm godd dlesol olls,
and sre Very simflar in properties vwith the’ Cistillation middle |

oils of the originsl petroleum, 'ss can be seen rro:n tadble 1.

Miédle 011 180-325°

From mixed bsse oil

feed:
Distillstion middle o0il 0.8%80
Liguid phsse middle o1l 0.838

From ssphslt bsse 011

feed: ‘
Distillstion middle oil 0.856
Liquid phase niddle oil  0.851




: The aniline points ehow the similarity 1n ﬁhe hyarogen :
'content of the corresponding fractions of the’liquid phase and

the disbillation products.' The regularity 111ustrated here in

the tuwo exemples is. so general, that the properties of hydrogenetion
'bmiddle oils can be very accnrately predicted rrom the petrolemn

residnee, vhen the properties or the middle oll eontained in the
‘originsl crude sre knovn.

A similsxr slthough not ae eloae relationship ex1: ts also

uith coals vhen the hydrogenation middle 0ils of coala ere compared

-with the corresponding middle oils from l.t.c. tars, after the

phenols have been removed from both.

in the totsl
niddle oil

From browvn cosl:

l.t.c m14dle 041

liquid phase

niddle oll
From bituminous.

cosl:
Originsl nidsdle
Liquié phase

niddle oil

The sgreczent in the hydrogen values csn be seen here to be

not 8s perfect as in the petroleun procducts, which msy be explsined
e.zg. thst by the fact thst the l.t.c. oils contsin only s relstively

sasll fraction of'the originsl eonl subeteneo, viile prescticslly
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the whole of the ooal substance is converted into oil by hydro- '

genetion._ The phenol content of the rav middle oils 1s greater
1n the 1. t.c of coale than in the produnts of the liquid phese
hydrogenation, the- totsl: phenol yield, however, referred to coel
B R greater 1n hydrogenation.'°' ' '
The - paraffin yield is also appreciably greater during the>a
dﬁrect hydrogenation of brown coal, than the emount of pororfin

obtained 1n l.t.c. of the same omount of brovn coal.

M1d¢le 01l 13 the msin product of 1iquid phsse hydrogenation
"1n the proenction of- gasoline from heavy oils or from coal.-
In adéition sbout 20% gosoline 15 slso obtoined. This gasolino
atill shows tho charscter of the rsw mutorinls 83 con be seen, 1n
table 3 on aanplos of several liquid phase gaaolinea.

| . _ Table e

Liquia phaee gasoline fReaicdue from Residno from Cracking rosidues

: ’ " 'Bixed dbase ssphslt base |froa asphslt = .

. Aniline point of
fractionss:
80-100
110-1%0
1£0-180
190-210

Octans mmber
(reueareh method)

A
Y NW O

V]
~ .

The octane mumber of the liguid phese gasoline rises from the
mixed base gasoline to the ssphalt bsse gssolins snd to the
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aromatic cracking residne.v A liquid ‘phase gaaoline of an octane

:nnmber of 73 is ob ained from tha cracking residues. The onilins
 ¥point of the. frectiona peruit one to see that the drdn of the.
~sniline potnt is grester with 1ncreasin¢‘boiling point of the

thgh-arcmaticrproducts then £rom the hydrogen-rich. The gasolin
' ;from the readily splitting mixed bsse crude is. highhin constituents

boiling below 100°C vhile the hydrogan-poorcr oils produce S
gasoline vith s 1006; content of” lover boiling constituents.~“

Table 4 shows sn excmnle of propertiea~o£—the_chcmically
refined liquid phaae gesoline froa cosl, »
Therctane nuzbers of tha liquid phsse gésoiiﬁe from coal

cre highér taan of the gasolino froa pat*oleum and when- dorived
frow bituninous coals ne:rly reach the vslues obtained on vorking
“up gasol residuaa. The fatty cosls give, as ome might ex expect
haorogen-poorer goaoline thon the hydrogea-richer long rlamo
cocls rrq: thp sumo_dcposi,. A3 3 general rule, the liqnid phsse
gasolines‘froz,cosl'contain zuch - low boilling constltuents, because

they are produced with strong splittinzg.




froms. -

% phenols in the
crude gasolines -
Refined gssoline‘
gr. :

.'% Z100% -
' Composition:

% parsffin

€ nsphthenes

% arcmatics

& unsaturated

Octane mmber

(resaarch metho::)

‘I’ho knock valuos of the liquid phaas gaeolino 1n the higher

fraction:s of the relstively mdrogen-:-ichcr rav matorials drop

in the highar ‘frsctions of the products, but not as x:mch as with:
natur"l ganolines or evon vith pure, parafrinic gosolinea. With
hyérogen-poorer gasol residuo the knock vslues of. f.he frections
sbove 130° rise ag’ain; the riso is still grea’tor vith bitminous‘
coal gaaoline, vhich 1s related to t.ho higher proportion of
aromatics in the higher fractions. It i3 therefore. proritablo to
cut the liquid phase gosoline fron aro::atic rav ;nater;ala very
high, snd from the wc'rogen-rioh cosls lover. Liqnid phsse
gasolipes from sromatic hwd*-ocarbom are f\n'ther inproved vhen refinins
43 ¢one not chemicslly, but with celslysts under dehydrogeneting

eocncitions, ‘when sn7 phenols present sre sizultaneously reduced

with hydrogen uncer pressure to arosnati:c hsdrocarbiins.




The hycrogeneuion vlth fixed bed cstalysts has found ‘80 manw
appl*cations, 8s mentionad above, because the reections can be '

’ affected by proper selection of the caualyqu, .cmpcrctura and
pressnre. It is possible either to worb'thh muoh spl tting,
or else vithono splitting the carbon s~ruc~ure, snd vith 8. more
‘or less strong hydrogenntion.:

‘The pressure hydrogenntion.vithout aplitting hms an 1nportanx
'application in the re‘ining of gasolines ond banzol,obtainmd in
crscking, low’ temperature cérbonizaticn, coking or'ln tho liquid
pnase hydrogenation.

The crude benzol obtained 1n the cokinv of bituminous coal
is alresey convarted catalytically under prossure of %40 atm 1nto

8 stable producpvhprdly enriched 1n hydrogenv More motor beDaOl

can be obtained by hycdrogenstion, not merely by eliminating the
usuol losses in the ben~ol refining but also by permitting the
use of the middle and heavy benzol frac»ions 1::05.1&:1‘> sbove the

- motor. benzol.v These rractiona from vhich hsrdly eny motor fuels
is produced with sulfuric acid, sre satursted by carcful prossure
hydrogenstion st so-coo sta uithout sny spprecladble reductlion of
ot tane mimber. -Table © srovs the ssturation ty showing the lodine
nnmber changes of 140-180°c middle benzol frsetion. It follous
from the specific welght as vell as from the octanp nunber thst
the hydrogenation of srozatics is very slight. Moreover the
color beccmes vster clesr sand the product is rfeo from sulfur

to vithin 0. 006%
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o memes REETA
" EYDROGENATION OF MIDDLE BENZOL: mcnxo
Middle benzol - . .

p.‘ gr’ : ST SR S SRS — .
‘Initisl boiling point 96‘ R 136
'50% bolling point O¢ I - 1?{3

boill oint og
: (g}gsgor ,ng ¥ ‘ E . Ssti'av yello‘u

Jodine mumber - T
% aulfur o 0.18
Octane number (M.M.). .. . |ebt. 100

LTO gaaolinea frou bituminous and’ b:rovn cool aroe rerined
in the seme 'aay an¢ m»odmo at 2oé atm water clour, stable, slmost
sulfur-frea gesolines. - T EEE
Teble 6 shows another exnmplo of refining of liquid phase
product by ahovixg 8 liquid phase gasolino vith o 'boiling point
' 21a°c obtsined from s yonngor bittminoua cosl.
.\able 6.

mmngn E L'JI“ PEAST GASOLINE FROM 3I’HIMIEQJIS CQAL._

'Liquié phsse bituminous “ | Refined by pressure
coal gasoline ‘ | hy drogenstion
: A

Sp« gr.
% ~100°C
- & .170°C
- End point °C
% pareffins
% nsphthenes
% sromstic
£ unsstursted
Octsne mumbder: .
Resesrch method
¥otor method

N
wo

88

ST R
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“he losses during the refining of this gasoline 'dith sodj.um

h:voro:ide and sul:turic acid are graater 'beoause of the high olefin
and menol contents, and the fuel produoed hss an octsne number

of re 'by the raaearch method and TS aromatics content of 3:‘5

at 200 at!n and 300°c tha gasoline is obtained vithout. the loae
: and vith an o»tans number and sromaticu content roughly equsl to
‘ that of the chem&cally refinad gasoline. when auch cat.alysts sre
used under dehydrogenating conditiona and 1n T aence or hydrogen,
'Zrei'ining a3 vell ez s comsidersble improvezent the motor
quslities of the géabliné sre obtained in one aie_p_. The research
octsne nunber ia ﬁhen equsl ‘to 85 oand the sromatics content is |
over50§5 ‘ SR o e~ .
‘z'he phenol- in the crude gaaoliz:e fm cosl muat be eliminated
during the chemical refinim;, vhich atrongly reduces the geaoline
. 34eld.. In the preasuro refining they are converi'.ad into hydro-
cerbdna and remain ez such in the gssoline. Either uromatics or
naphthene' sre formed depending on the hydrogenation conditions
- used, vithout sy losa through aplitting ot h:ydrocarbom.
) 'rhe pressure refinad gssolines sre colorlgss , ocorless, '
light-stable and equsl 1n their tests snd the boiling point behavior
to the best comercial gsaolinen. The percentage of unsstursted is
1-1 .5, the guz slvsys under 10 mg/100 ml, the sulfur content
below 0.01%. A . |
The splitting’ h;ydrogemtion of middle oils to gasoline 1s
the principsl purpose of the vapor phsse. The properties of the
feed sre reflected here in the properties of the gaaounos , Just




a8 in the l:lquid phsse m-oducts. Bouever, the eatulyat and the .

' operat:!.ng concitions are the prims.pal influenzes. ‘ e

cne may. see best the 1nf1uence of’ the ch:emical oompoaition

of the. feed in the motdr behsvior of gasolines. 'l'ablo 7 ahoms the
specu‘ie gravities snd the oetans nmbars of 8 fov gasolines o _
produced undex- comparable conditlons, from diffarant raw materiala. _ :
The octane numbera of the gasol:lnes ux:raase with rsduoing hydrogen '

' content of the middle 0118. With the hydrogen-poorer feed, auch

. _as bmn cosl, asmml zic petroleum olls, cracking residues ond.
bit\m inous cosl, “the. ‘cctane mmber is around»67-75 . A high
octans mmber, is obtained with louer cuts of gaaolina Vory

v hmircgen_—poor'uromu tie middle oils can also be obiained Irom - ‘
h&dr&géxﬁ-rich middle oils bty solvent extractidn. One mothod”of-'
obtaining lergor yiclds of good gesolines froa very. hydrogen~

_rich middle oila, such a8 sre produced e.g. in the carbon mono:lde- e

h;'dr_ogen synthesis consiats 1n their joint Mdrosamtior; with N
v-_.kgvdrog-on-poor miédio oilé'. - ’

‘I‘a‘ble 8 shows to vhet extent the qnality of the gasoline
fro:z the °sne feed 1a affectod by catolyats and opersaticn conditiom .
Diﬁ‘ereat groups - of cotalysts sro todsy svsileble., The first
group, and so far techi;ically the most importsnt one, 1ncludes
the catalyaté (A) vhich ore strongly hydrogensting, strongly
splitting snd sre ‘applicable to sny vapor phsse rood. Gcsolims
obtained with them hove sbout the ssue ocuna nmbtra 88 obteined
by the distillstion or low tcnpmtm-o urbon.iution g880lines
froa the same rav materisls. Table 8 shovs wnder (A) s gssoline
80 obtsined from bituminous cosl middle oil. '




: Rev moterisl: ..

Peraﬁ’in : S Ll
Petroleun, mixed baae

Petyoleun, asphalt baso’

Shsle oll, psraffinia . -

Shale oil, asphsltio ,

B A% X . P broun coal tars : \

Broun cosl liquefection produstar
Petroleun orsckipg residus . -

- Bituninousz cosl liquefacts.on and

. extracots e
"Bituminous tosl cok 1n.,5 tars

Specific grAav:LIt::v
‘Qctane mum=mber: | -

Besearch method

Hotor mothod

The octsns nimbuzs sre much better with equslly high gesoline

Fiel¢s vhen cstalysts. of the second growp sre used vhich aro
zeeklj‘mdi-'ogengtingl snd stiongly splitting. easolinééf obtained
in thet vey sre illustrated in the teble under B snd C. These
catelysts shov their completo splitting ection with slmost sll
petroleufavmiddle oils. With o:';y:gan and nitrogoxi-’containin: oils,
- such 8= obtsined from coal ﬁnd tsrs, 8 pretircstment is advantsgeous,
ang consists in cl.;emicel'refining or m,iwd‘rosemtionrv:‘.‘tﬁ |
- hydrogensting catalysts in s so cailed.prezgarogemtioxi‘stugo.




'?'ais .LS "requently advsntageons uhen working at hisher prensm-es .
, .g. etsoo etm. and higher. , Under gush oonditions mpnra produnéa
- .mgy be uorl:ed up,' sﬁd ‘there is m addi‘bion the sdventage or '
'”operauon vith very vegkly m-drogemtins oatalysts ORE

| AL hydrogemtion gasolxnaa obtained vith thaao tvo 'groups -

of oatslyets are reletively high in uaphthones end 1ao-puraff1ns
and shov & good sensitivity of their ootene runbers to- lead. Y
» {‘ third e;roup of cutal;rats (D\ pemits the: produstion of
part:.oulnrw nromaticnarioh, 2ov hqrdrogen gsaolines. 'nwy aro :
- used 4% hicxzer uo.mcrnturea of sround =00°G -The motor gasoli@
yieles auo £5 %o about 90;5 'by veign‘" in tho £irot mntionod
methods of oporation, ond 1o below 90% vhon the last thothod '13 nsed. SN
It beooues zmxa:l.1 or wien operatins for the proauotion or higher
aro::atﬁ.cs eontcnt o thq sssoline ‘snd vhen the middlo oil nscd
is parsrfinio. Tsble § chous that. (D) obtained frono: swoh
' -bitmimus cosl nicale o:Ll hes sn octans muzber of 95 (R.M.)

vith ‘=0“’ of erozgtics.

Cstalysts

Specific gravity
- Ootane nuaders
Resgarch method
Ko%tor method




' uunber 80 (R ‘ are bhtained Jusing eatalysts of group D, and

' these gssolinas contain over 30% aromatica. Louer hydrogan
.’u’dle qila from petroleum, 0.8« cracked or asphalt dave m:lddlo

- oils, give still better octane nun'bers and the diffarema in

gasolinea obtained with dn‘ferent catalysta cen be. see.n in the

aniline poin cuz-vea or the ga olina or middle oil fraotiona

shoun in’ figm-e 2. The hydrogon content lovering from catalyat -

A to Ccan be clear.‘!y seon. = o =

3plitting ofmixed
base pstrolemm
middle ‘oila.

Aniline point, °C.

35
8 120 160 200 240 280 ¢
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. MO'I‘O GASOLI Em BROHH CO'&L BﬁIDDLF OIL OF D'.I.'FI“ERENI' OP.IGIH

- "Motor gasol:lnez
‘Spe¢ifiec grsvity
,,OOtane number
'l‘he gasoline quality is alao afi‘eotod 'ny the method of

' preparation or the pretreatment of a middla oil. able 10 3hous
“tuo gaaolinas fro:: ‘brcmn cosl tar‘n - The midéle oil feed of the '
f£irst. coluan was obta.n.ned b:; .,plitting liQuid phaso hydrogemtion
,proc‘uot of broun cosl l.t.c. tar, in the ocond mlumn by cnroful

- hydrogenat.;on 'ﬂith Yidble splitting of tar over fized bed ontalyat.
The paruffin £ the tar vas not split in this cese to middle oil,

but previonsly zepars ..ed and rocoverod as suoh. ‘The 'bomns
point curves are ncarl_« the semo, slso the speca.fic gravities nnd
lero:natics content, but the second gesoliro has sn apprecm'bl, '
better octans ouaber. )
Eydr'ogena'tion‘ gaa_olinés sre exceptionally vell suited for
use in avistion motors because of their high stability , good .
octsne puxber ratipg and lesd aensitivity .1) Propertigg .of
g,.,solines ob tsined in this vsy rro:n aiddle oils are shovn in

table 11.

1) Brovn and Tilton, 011 Gas .Tom-nal, VOI 36 (1938) Fo. &6 -

Pege Th.

/




Hixeli pase. petz‘oletm v:’asph.alt ‘base-
m:!.dd ie oil : :

Spec’ifi'c 'gravﬁzy '
~100°C :
. End point OC '
.. Reld vspor pressure 38°c
. .Octsne rumber (I‘ﬁ.M. 3
" Motor method + 0._,,o ry vol.
of TEL.

Motor t:ethéd+0.c7% b-y ‘vol.
of TEL.

o

g

’Fable 11 shovv f:ho b.igh octmm mmbcr of  the avia -,:Lon
gasolmes ob ained l'vdrcgc..a uion, end 1n p..rticulur tholx.
~ high lead aena.;"‘ivity Tha motor mothod occtsne: mmber of tha
: asphzlt base oil-gaso ino 1s 77, 1% beccmca 91.5. with 0.09)3
fby-volme of TEL. &z "00 with 0.27% ’by voluze, Fa.gurc 3 shc'.m
that the lesé” san-itivity of marogcmation gesolines 13 very
goad in spit«- of the h,gh occtene z:u::bar of losd-frea gasolino
~ 8nd 1s botter fo* +ho azne Linitial octane nmbar with hydrogenntion
| ga olinea 'c.hen vitk ‘the ciatillatiownolinas froa petroleun.

o.m (A1)




'vInduatial Alication 9 HEW
2. Some of the progress ::wue vith estalytic hydrogenation 1n the
- 'chemical and physico chemical elds. has been 111ustrated with. e
: ,'fev chsmcteristic wromplea.' i'ha 1n6nstrial eppl:leetions of the
re..ults to high preseure proueascs had to keep acep with th:.s
' '.'Gevelopmenu.‘ The magnituﬂe or the taok vhich had ﬁo be solved
in couperation u:!.th tho - stael makera nwy be ;1udged fra.'n the !‘oct
that anlfnr-oontainﬁ.ng ater els oan bo troated’ today vi‘m

L ’*"érOf"an in convertera of over 10 ebm contcnt at- 500°C tmd 8- -

pressure of 700 atn.?) L

< "Leuns.Bonzin" hss 'beon proamod in the ﬁm:onia!mer’”

ercebur'" n..me 1927. By, far zont of‘ 1t ga- ‘produced - fro:x xuc. .
Geman trown cosl, Occssionally ot’a.er available TV mteriala

s7e used: rown oosl d.t.0. tar, bitmimua coal tor, Gaman
‘petrolom 01l,  Other b:o.rogcmtion p:l.:zm:0 bud-aerma:v usu the
local tmsvn ccal ‘.hi.. is mt havever, lzzdroaenated dire@tl.,, o
bu“ ia f*rst cerboniued st a lol.' texparature and tho tor hydro-
."emted <o gaso‘line ,~botauso tho larﬂ'o pover plsnts csn use o
s&vsntago the coke obtainad 83 the prinsipel product of tJ:o lou
teuperaturo curbonization. Bituzinous 0osl hac slso been :mcooss‘-'-'l“
fully hsdrmexmted in Gmam’ since 1936 on en induatrial ‘seale.

In s¢éition to the ¢ireot hydrogemstion of bitxaivous cosl, '
bituairzous cosl extrect end ‘bimix:oua cosl piteh hes besn
auccournlly hydrogenated. 3) ’

e E4itors rewarks: We refer to Esuzsnn's srticle on stesls for
the fuel procusticn plants, Chex. Fsbrik, Vol. 11, (1538) P. 365

3) ~P1?r932m~ Fraﬁa cer Iohlnh:drim . ‘Chex. F‘abrik, Vol. 8
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@hé proéeSS ; be n usea mdusbrially ie other ooun.tz-les

as_ well, 4n the U.S.4. for the working up of oil, in Englend
: for Ivdrogemtion of biimm.mus coal, and in d.‘*.f"’erant oounf:r::’es

' “’ffor “the’ pz-odnc‘bion o? 480u00 tens s IO plcmas #ro balug cons ucted

in I‘:‘.aly, uhere high gﬂcca csolma end lub«icsu ng ‘ils uill be .
- prodmad from aama'*t 'ﬁmse or b e:r_a:!. oi_l.' Ot.’ner raw materiuls‘
"Acan olso ‘be used s foedd. B ; PR

‘ u:e p“oceas has been fou:d ..;zcusuriall:{ pro?itable. The
neugr f“c_mieq bove reschad tis oz poeted yrodm Slon in 3 relatival
‘short tidme. DR ' S
It i3 hore of parta.cnlsr impo"ta”ce that gll rav ma'car:!nls
_"cnau might bo Lse dy coxsls, pcat, tar, shale oil, potrolemn and
tha.u. fractions cza bo cqually vell vorked-tm in hydrogenntion
vplan,a. . Procust ..on can o changcd froa one raw matczrial to another
ono' ws 5irs elther 1 por ~e or dsmostic matarials as 8 feed. _One -
v pari. of ..he inatzl..otion, nsmely ths high pressure psrt, rmim:
easerntislly tum “chsnsed ; the parts of tho 1nstallation n‘:ed for
-¥orking up of the rovw materials and of t.ho procducis 'cmat be ed=
justes to tho feed. e o ' h

Oxzo osy equally freoly aalcc‘.'. ko snd p::-oaucta of the cstalytis

h:,dra.,cna u:.on ss the rav materisls. Diesel oll end fnal o1l,
instcse of or together with high test sasolix:e csn be proccced
snd lublriseting oila angd parafrini%ifferent proporticm oz

suitoble rev mauﬁ"i«BlSo




_  The effic:!.enoy anc i'lecs:?.biuty of cata..ytic pressure
h;srdrégenatian, and tha suocess raached tmtil nea hsve resulted
in mak;ng “ho 1 process 1y far the most imuortam; source of ‘the
future Geman suppl:; of fuels: anﬁ minaral o:‘.ls. »'1‘ 8" signiticame

lr ady reacned ny the urocess 15 sho‘Un. 'by the fsot that in

L1937 almost dou‘ble of the ‘benool prodmtion, .0. 800, 000 to
900 000 te gssolins, haa 'been obtained from domestic T3V msteriale

b'y catalyuic preama hydrogenation.
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e DEVELOPNENT OF THE TECHNIQUE OF HXDROGENATION OF
‘ SOLID FUELS ANDOF THEIH BY-PRODUCTS :

' By Loula Thibaut - s
Dlrector of the Compagnie Francaise dea

: ~Eggence synnhathuea .
| Ch&mle ot Tnduatrie,;59'(1948),‘548;551,"
, éﬂéggzx ‘ R . . _ | _
| __.After the factory .at Liévlnmwas bullt in. conpllance—-
w“th snd followins 1netruotions or the Patlonal Rssearcn
Scolety, uslng the proceaaea of that Society, The French
Company ot Synuhstlc Caaollne has trled to make an orlglnal
contrlbution o tha hydrosenation technique, .Thsir orrorta
'fnave culminated 1n 1938 in a metbod to cause, in tho same
'equipment unlts, a progreaalve hydrogenatlon or the fuel and
Aa almultaneous fractlonatlon or ths products obtained ana ta
remove 1in that way rrom tha circult tbe 1ight producta, wnlle
retaining thP mors dlrricnlu-to-nydrobenate beavler products,
untll completely nydrogenated. The reed %as. completely hydro
 7genated in a ainble Operatlon, all manipulationa and all the
intermediate processes on beavy olls are avoldeq, as well as
the tfeﬁtment or'mlddle olls. ‘hia resulted in a simplifi-
cation of the equlpment uged, and in an appreclable reduction
in the operating costs. The C.F.E.S. has alzo introduced a

\

* Paper presented at the XX Congress or Induatr1a1 Chemlatry,
Paris, September 22-28, 1946,




new hydrogenation catalysx..nlth a base of 1ron activated with
f_cyanides of the metale of the Sth group.i It bas tinally succeeded[:t J> 
',1n the 1ndustrla. hydrogenatlon of tha heavy rractlona or the

ﬂcoal tar and 1n the 1ntroduct10n of large number of new pro-

ducta 1nto ths lubrlcatlon fleld.

inmonucﬁon |

7 Ths Inepector Generg&mgt ulnss, Crusard naa been h
churged by the Governmsnt wlth a comparlson of tha dlrrerent
classlcal German and French’ procaasea of nydrobenatlon and testu
nerrormed under hia direction have ahown that the converslon or
purse organlo aubatnnces dlfrered but llttle ‘in prlnciple in tns

dlrferent urocesuoe, and the French Company for Synthetic Fuels 

‘of er;ecting a aavlng ‘in the anounta or raw materlala uaed dur-
1ng the. course. o*,ths reaotlone, an rell as a reductlon in rlxed
charges.- ) o - :
It ataftnd accordinsiv in 1938 on the development of-
a new. procedure of hydrogenatlon of solld combuatlbles, which
was %o a ceritaln extent different from rorelgn practicee and
rbr ﬁhicn a patent has been applied in 1933, after the equlpment
ror the proceass was constructed on an 1nduatrlal soale and haa
confirmed the expectatlons (1).

.(1) Frencn.Patent 450, 376 of August 17, 1939, recorded in the
U.S. on February 3 1945. - ]




The Iull development of this process demanded a more
‘nactlve catalyst than the French>company ror Laquld Gaaollne
possesaed and they 1ntroduced a new catalyst whlch met thaae
requlrements (1. )
Later; tne heavy tar derlvatlves have bean hydro-
'H'genated auch as have not untll then been subJected to auch
‘treatment, The hydrogenation or the h~avy 0ils or tar, such
'an the nnthxacenerrractlon of the,oll, dlstilllng above soo°c
and the red ollg--trus tar oiis;{obtglned in tke vacuum aie-
tlllation of - ter was parficularly‘sucoeseful, thué»flnding'a'
.’,'nvmber or new products (par ticularly as 1ubr1cants) (2).

The artlcle below contalna a revlew of thlu work

" TEE PROCESS FOB HYDROGENAZION OF SOLID FUELE‘ '

-This.oroéess consists in a progresslve hydfogenation
‘oL the fuel with a almultanaoua fractionation in the saze unit
"of the products oblalned, 1n;auon a.way that the light fractions
are removed Ifon the circuid, while the more refractory heavy
fractions are addaltionally hydrogenated‘to a ccmplgte convénslon.
The bydrogenation reactions are cén@ﬁcted at variable
1ncreaélng tezperaiures froz 300 to S00°C in a way to aot upon

the reacting substances under conditlons of maximuz efficlency

21 French Patent 478 267, of April 16 19&5.
2) French Patent 472,220, October 5, 1952




of hydrogenation, lnstead of withln a very narrow tenperature

“Vrange 1n uhloh the action of hydrogen 15 praotlcally constant
_q,h_;:_ A deoomposltlon or the_ hydrogenatlon products Ibrmed
‘at certaln temoeraturs by subjectlng them to hlgher tempera-

 _turee is avolded by 1ead1ng tnem 1nto a zone or lower tempera—-
turea than those at whloh tney were rormed.,v_. |

The proceaa thus bocomea 8 progreselve process, Ain the
course of whloh the ruels become gradually hydrogenated at the

' lowest posalble temperatures, and the produots rormed are sepa-, -

rated as ‘goon a8 formed » ' : . o,
' The different reaotlon temperaturea are produced ina
s.ngle vertical autoclave (Flg. In ofder to 4o so, it 18
._subdivlded 1nto a certaln number of sect;ona, ooparated by
' means of platea equlpped wlth a riaer ror a gao ‘and a draln

for tha liquld llke in a dlstlllatlon column Anong other

1. Mixer 2. Paste Pump .3. L.P. Autoclave 4. H. Exchanger
-5+ V.P. Autoclave 6. H. Exch. . 7. Ccoler-Condens. 8. Catohpot
9. Ha Circul. Pump 10. H; Preheater 1l. Digtlllation

£IG. 1. FLOW SHEET OF HYDROGENATION OF COAL




- adyantages, such an arrangement permlts the usge . of catalysta'
*»best suited for their part&oular purpoaa and in. directlng
Athelr actlon and locali ng the“hwdrogenatlon errects.,‘

3 ‘”ne flnely pulverlzed fuel‘fG‘EE“E?ﬁEBéEhatad 18
mized with a midale oll rrcm a prevloua 0peratlon, s 1ntro- .
dnced 1n the form of a paete 1nto the top ‘of the autoclave e
aL the selscied pregsure (250- 500 kg/cm , dependlng on the
materlal used) and at a temperature of below 100°C._f
hydrogen 1s,compxesaed to_xhe selected pressure;-'

- prehsated to 450-500°C, 1ntrcduced 1a1%o tke bottom part of

the autoclave and- made to clroulate countor-currently to the'
feed. It ~thus bubblen tnrough the autoclave froxz plate to
plate gnd‘carr;ea over. ths eufrlolently 1ight products %o

the upper reaches. The heavy products remaln in the anit

until oomuletpﬁy converted

.e“pﬁra»ure g“auatlons are formed 1nslde the auto-

" clave wlth ths‘highest temperatures on ths botton to.the low-

e3t on top because cf: The introduction of the feed at low
temperatures (below 100°c\ into the upper part of the unit;

ths introduction of highly heate& hydrogen to the bottom of

tie autoclave; the heat of the reaoction, |

The recovered condenslble products consist, exclud-

ing the heavy oll or complex productse vhich requiié fractiona-
tlon, on one hand of middle oll, on the other hand of a diffi-
cul t-to~-hydrogenate fraction of the feéd, forning what 1s gom-
monly called the hydrogenatlon residue.




Tns realdue withdrawn at the hottest part of the

atoolave will contain,in thla oase, up to 50% of mineral aub-
auances~and—10p~benzol-1nsolubles;*and‘thelr‘regulatedﬁremoval
_ creates a partlcularly delicate mechanlcal problem.» ‘A eatls-
ractory solutlon has been round after a number of: trials in a
comblnatlon aotlon or loss or pressure 1n def:\.nlte slze or:.-— ,
rlces and or tha temperature of the products to be removed

Phe . productlon of. mlddle olls 15 regulaced by ths Varl-
h anlon elther of the amount. of hydrogen 1ntroduced into the auto-
clave, or of - ths temperatures in the upper sections. - The total
anount of mlddle o1l recovered equals to the amount or oll used
1in pastlng, plus the amount produced. '

The mixture ot middle oll and nydroben leavlng the
auuoclave under presuure 18 next used in the preduction or gaso-
1line after rehcating, but without releasln& the pressure or
rccogpféselén, in an auxiliary Autoqlave with a fixed bed cata-
lyst.inténded to convers the_giddlé 011 produced into gasoline.
Tne‘catalyat‘(described belo%) is very active and has the pecu-
llarity of belng little,seneltlée'to the proportion of middle
011 to hydrogen. It 18 tﬁerefo;e perfectly sulted to thls casse,
" where it léada %o a conversion of all of the middle oll into
gasollne 1n a single stage With an amount of middle 01l left in
the hydrogenated product sufficlent ror the paating of fresh
anounts of ‘hydrogenation reed.

Cut at 160 or 180°C, thils ﬁydrosenation product delivers

an amount_dr gasoline depending on the fuel hydrogena;ed ahd on




"5}ths amount of mlddle 011 requlred ror pavting. xhs cycle 15
':thsrefore a cloeed cycle with a alngle olrcult
Ths oonsequences of conuucting hydrogenatlon by thls

i
- v

' :

procese are many:J'

1. "‘he 8011Q fuel feed 15 completely hydrogenated inm -

the’ course of its paasage through\the utoclave;'gndvat N
~'no tlme are haavy olls removed rrom the unit, "his'eli;'
!mlnates tne extractlon operatlona, 211 ratlon and raturn- ;
ing the producta.to outglde cycles for the'purpoag.ct' 7
".:maklng'them lighter.. Unlike the opéfaﬁlon'praci}ées-of.
the classical methods, the solid: fuel ;e_péated with a.
ﬁlddie oil aa'an'ihtermedlate vehicie; lnatead‘ot%the' o
» neavy olla obtained in a precedlng cycle or Operatlons.
In the autoclave, ﬁhe mlddle olls exe gradually
 réplaced by the heavy olls formed, and ‘the ruel is put
‘under conditions, especially or eclubillaatlon which™
are tne preferred conditions ror hydrogenatlon.
2. The midadle olls are obtalned at a8 low temperae
tures as possible and contaln producte whlch.uould be .
artlally or completely deoompoaed at hlgher .empera—
turea, They are, 1n part:.oular, richer in the lower phe-
nols than ths light olls prodgced by the usual methoda.
- 3. The upper part of the autoclave requires cool- ‘
ing to‘produce a gradation of texzperatures and ﬁhe paste,

as mentloned above, 1s introduced at about aobc, which




o makee‘it:'preheating unnecessary, and elimlnates a.

‘Aifficult and coany opera.tlon, euch as the installa L
-Qetlon of. the’ a'eclal equipment necessary for euch
preheatlng ‘ , ) R ,- )
| 4. The mlddle 011 entralned 1nto the upper part
or the autoclave by the etream or hyurogen can be oon-.
-»verted 1nto llghter constltuents and converted 1nto,.
v'saeollne wlthout breaking ano the cycle. The required
‘operatione or cooling, _pressure release dietlllatlon
_and recompreesion necessary for a later vapcer phaae
treatment ‘are thus ellmlnaved together wlth the equlp-
‘ment requlred to. carry out theae etepe.

B. The hydrogenatlon le very far adVanced 1n the -
bottom part of ‘the autoclave, wnere the temperature of
500°C may be reached and the-reslduee'withdrawnrcon-
‘tain only matericls unsuited for any subsequent treat-
ment so that the recovery of oile usually sdmixed with
thene reeiduee becomes unncceeeary, which éllmlnatee

all th@qéqulpment used for that purpose. \

Tne above. rcmarke show . the economic adVantu@es of the
process. Cne may atate as a fact that the energy of hydrogena—
tlion of solid fcel: the,energ;ee of comprese;on,'o: heating,
of handling the éroducts at the dlrferenf steges of manufac-.

ture, 1is greatly superior to the energy of the hydrobenated
'aolln f&ui All proocesgses, therefore, whicn will slmplzry or
eliminate the auxlliary_or,intermediate operatlone of the con~




fverslon wlll result 1n subetantlal aavings 1n the raw materlal;f B
and a8 notable reduction 1n the 1nstallat10n costa.-, .

‘ xn».savlnge'ln the- appllcatlon of this proceaa 1n
}comparlson with The claseloal prooesses were studied in exten—v
ded ntudles on a scale of 20 te/day, uslng coals from" the Bouohe-
v jdupRhone and the Landln baslna.- For the hydrogenation pr0per
'{thsy are in the neighborhood of 40% or the total energy used

and: §0p in rlxed cuarges.

CATALYST FOR THE CONVERSION OF
* MIDDLE OIL 70 GASOLINE -

Hydrogenutlon catalysta are eaeentlally molybdenum ‘or.
tungeten dapos’ted upon,some porous carrier, and the C.F. E S.
has Ilrst ot ail attempted to replace- tnase rare and oontly
matale wlth other metala, in partlcular with iron. They pre-
pared a catalya» baaed on Lron aultide, which Qroducea resulis
comcarabl° with those produced by the molybdenum sulfide cata-

' lyst_prevlously_uaed.v btforta were subgequently nade on ths
pfoducfipn of catalyata 1ittle aensltive tq_thc proéortlon of-
hydrogen/oli, and oapatle of:cauélng a converslon of'gs high a
proportigg of 0il as bosalble, and ayétehatic otudles‘haVQ'shown
that cyanldea,'and"in.partlcularvsulfocyanates of the metals of
‘the 5th group, . notably iron, chromium and aluminun, héd marked
astivatlon powers. - Thls additlon does not exceed 3% of th§
‘17on sulfide 1n the catalyst. It 1s prepared in the wet ¥%ay
by precipltation with amzonia, and care must be takennto elimi-
nate completely any traces of ammonium salts which will form

.

in thig resction.




the 011 1nto 5asoline in a slnble pass whlle the best reaults
prevlously dbtalned in conversions 1n a slngle paes were of )
the order or 50% - '

.ther band the temperature 1n this procedure
is 4so°c or 15° 1ower than 1n processes employlng molybdenum
catalyets, and the rormatlon of paseous hydrocarbons is accor-“

~~f“d:nsly guch(lorer,'and tho proporuion by welight of yield
- géhoiin,;middle oil iz Svf, a8 BEaLIgE Daﬂ witn the mo;yoaenum
catalyst, - ' - ".’ : . : PRI
.BqQéllylto ha noted iz ﬁu anvoice - : né~odtgné'nﬁm-
ber by two_units, from 75 to 77, which,;swndpwghe”reaﬁltWQIWAQ;.
1ncbenaé in ths.éodcentratlon'or aromatics, but results from
‘1somerization reactlon more prcnounced for parafrlnic ‘and
naphtenio hydrooarbons. '
HYDROGENATION OF TH: HEAVY
_ FRACTIONS OF COAL TAR
Mlddle oils of the most diversified origin have been'
' vhyérogenated at Liévin (midale oil from coal hydrogenation,
middle oils from pr;mar§ tars and of hlSh temparature tafs),

énd because of their conversion into high-grade gasoline, the
C.F.E. S, has undertaken the hydrogenation of higher boillan
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FIG. 2. FLOW SHEE® OF EYDROGEMATION OF COAL H.O.

a; Antnracene 0115 Dlstilligg Over 300°C
' The firat tests were made with treatment of rraotlons
of anttracene olls @1stilling over 300°C, Wh;ch are dark brown
ﬁrbdhété wlth‘hbécrdhg Bdor'of'antﬁraceﬁe; ungtable in the cola,
and having a strong polymerlzation tendency with the productlon
ot asphalts under. the 1nrluence of heat
"hese heavy fractions’ of the anthracene o1l rexailned _
practically unconverted when treated in the liquid phase at‘45o;v
460°C’(eveﬂ upon fhe addltion of finely ground catalys®, as 1s
Eommohly done in fbe 1iquid pbase hydrogenétlon);Alt was founad,
howsver, that they Becane very gréatl& modified by hydrogenation
a% 380°C in the presehce of a fixed bed catalyst alﬁilar to the

one used for the converslon of middle oils into gdscllne (1n




e p&rtl wlar the' catalyst deserlbed above). 4 The gravlty\ of the
tudrogenatlon product waa 1.040, as agelnat 1 160 of the anthza—
‘cene oll. It was clear and rluorescent stable at high tempera- i
“tures and held fo tracea of asphalte or heavy constltuente"
“iilnsoluble in petroleum gasoline or 1n benzene. The odor or
_the anthracene 011 had completely dleeppeared. On the other
hand anthracene cryatale which were present ln ‘the. orlglnal
feed to the extent of 20 Op were not entlrely ellmlnated and
1st111 were present 1n the hydrogenation product to the extent
'5-7%, chlefly in the form of carbazole.

Ths hydrogenatlon or the heaVy oil at 300 kg and a tem—

-;-pcrature of 380~400°C was about 90% complete, with a hydrogen

consumptlon of 1,000 cbm/te of heavy oll. Fractlionation and
: rafinlng of this product gave: ‘

45% er piddle oll, which could be converted 1nto
gasoline

25% of an oll, vigcosity 1.7°E/50°C, which could
- Dbe used ror transforumer oll or for the greas-
ing of refrigerators.

30% of oll from: the taillnba of the dlstillation,

viscoslty 4°k/S0°C, which could be used ror
the greasing of engineas.

This last rrection,'witn’the addition ef 2.5% polysty-
rolene acquired a viascosity of 10°: /50°C which made 1t sultable
for the greasing of motors.

b) Red 01lg by Vacuum Distillation of Tars.

The produstion of lubrioating oils starting with the
antlracene o1l was used industrially for several months, when

the problem of hydrogenating the red olls was suggested to the

" C.F.E.S.




\are obtained in a Vacuum dlstillation of tar. T y are solida
“at room : e‘mperatu.res. - SRETOUSR ,
o Englér vlacosity  _ "5—6°/160°G
Dlatllla on range 350~450°G
C—re.vi‘cy, at 15° R 200 o
Tney are homogeneoua and ao not deposit any . crystals,
ard congeal as a: wnole upon coollng, wlthout aeparatlon. Thay
§—~——axe essentlally compoead of aromatlc hydrocarbona wltn“aeveral o
benaene rlnus.
‘Tha very firet teats in the 1aboratory convinced
thas they-;ggzg be treated by eXactly the pame mathods and under
tne eame condltlons, a8 the heavy anthracene 0115.' The reaulta
obtainad were comgarable, but’ while the producta remalned rluo-_
'rescent they were compoaed of hsavier moleculea of a hlghnr '
viscosity. On the other hand since the red 0118 cont ed’
no cryetals, the reflnlnb was almpllried o
ihen treated lnduatrlally under the same condltlon as'

the heavy anthraoene-olls, the hydrogenatlon yleld was 92%, with .

a hydrogen consumption of 1,000 ‘cba/te of oll. Fractlonation
ard refining of ths products gave' '

20% middle oil, which could be ‘gonverted into
gasollne.

20% of inaulating or retrlgerant o1l.
60% of a very viscous oil (25°E/50°C), which

could be uged as the baae oll tor a nunber
or blends.
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' CONGLUSIONS

’Theiabbie]érflcle furhieﬁggfiﬁférmaﬁi;nion'thd'methods
’deve10ped by'the Compagnle Francalse des hsaence Synthethuea
;1n the fleld or hydrogenatlon of aolld ruela, as well as fha
results thsy hav succeeded in obtainlng by these methods.

They ofrer economlc advantagea An 1nduatrla1 appll—
catlons, and apparently furnish a nucleus of sclentlrlc starr

for later studies of tns very complez reaotions of hydrogenation.
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_Sauples of steel from amwonia and hydro~
.Benation plants altacked by hyarogyen, = -
Arrangenent of tests for hlgh pregsure
experiments wilth hydrogen. uwffect of the
. hyarogen pressure, temperature and time
upon tie begilnning and progress -of decar- -
burization of unalloyed steel., sStructural
forms of decarburizatlon.. hLffecis of ori-
tinal structure und cold working, Lffects
.ol the hydrogen pttack upon tne mechanical.
properties.. Limlts of stability of unalloyed
steels. HRewarks on the decarburization process.

The construction materlal of contalnmers in the hydro-

genation'érocessea, in particular 1n'the'ammonla synthegls and
the nydrogénatlon;procéases, couss in contact with hot_hydrogen 
under pressure. The ammonia synthesls 1s done ‘undér pressures
~of 100 %o looo'atm/éq.cm. and at teumperatures of 400 to 600°C_in
the different processes 1/, and in the'modern ¢oal llquefactibn

processes, dlsresaraing tha normal pressure operntions of the

1/ F. w~uller, Arch. blsenhutienw., Vol. 1, 1327/1928, pp. 517-528; -
B. %aeger, Dle Luftsticxstoffindusirie (Lelgsic, O. Spanner,
1932); C. gosca, Cnea. Fabrik, Vol. 6, 1933, pp. 127-142;
ef. Stahl una risen, Vol. 52, 1833, pp. 1187-1189.

2 .




Tne attack of hydrogen upon unalloyed eteels was already
:observed 1n ths 11rst 1naustr1al attempte or ammonia synthesls
1by the Haber m°thou, and described by C. Bosch A/‘, vho round
»that une hlgh preseure vessels were attaﬁﬁed and deetroyed '

anifestationa and resulcs of - hyaroben~aCEack have been uescrlbed

by Bosch in detall The?consist‘essentlally 1n a decarburizatlon,*-

connected with-g loosenlnb ‘of ths sraln contact anq with a g a great

loss An ﬂtr;ngth and ductlllty . ”he plctures below lllustrate

T the- hydrogen attacks.

, Fiu; 1 shows tne cross section of a high pressure bomb
whica. bu"ov unaer the . ef;ect of hydrqgen. The décarburized inner.

zone lg made vigible by etchinb Wlth cogper'ammonlum chlorice.

~

In aaalilon %O tne crack rnlch caueed the bursting, th»re ure

several other cr1chs, in ths vlclnlty of which the attaok pro-~-
greseea deeper than 1n the crack-rree parts, Fig, 2 anows the
attack of hydrogen uoon a separator from a hadrogen“tion plant

after four rneAs of cperatlon at 500°C and 200 htm pressure

2/ Brennstoff-Chen., Vol 7, 1926, pp. 97-104; cf. Stahl und slsen,
Vol. 46, 1926, pp. 752-753.

3/ E. Galle, Hydrlerung der Kohlen, Teere und Mineraloele, Vol. 27
of the Technlsche Fortschritisberichte (Dresden and Lelpsig,
Theodore Steinkopf, 1932). C. Zerbe, Chem.-Ztg. Vol. 55, 1931,
pp. 4-5; 18-19, I8-40, 94-96, 114—117 136-1237 and 152-153 M.
Pier, cnem. Fabrlk Vol. 8, 1935, pp. 45-54; C. EBosech, Cheal.
Fabrlk Vol. 7, 1°34, PP. 1—10' F, sueller, sStahl undé Elsen,
Vol. 48, 1928, "op- 405-406. ~
Chken, rabrik Vol. 6, 1833, pp. 127-112; .VDI Vol. 77, 1933,
pp. 305-:51'7- ct. Ste,nl und Eisen, vol. 53, 19:5:5 pp. 1187-1189.




153. 3 anu 4 (Plate l) are longitudlnal aectlons of a f”"

'bottom sneet whicn was 1n ogeratlon for two yeurs at 100 atm
»and 450° 1n a haat exchanger lnslae a nltrogen reactor, wlth
‘Ajtne hyaroben autlng upon both. ides of the plece.' Humeroggﬁ v
: '.cracks may be aeen even- 1n tne unetched sectlon (Flb. 5)
structure 18 crlss—crosseu witn decarburlzea branches and. tne
cracks wormed their way amongst then, It 1s remdrkable tbat ;__;#
the attack followe tnc cells of tne’ structure. Appreclable ‘
amounte 01 b&B were evolved durlnb the etchlnb of thla sectlon°
Vie succeeaed in collc&tlnb sore of tnis Bas. oy drilllng unaer o
**“ater‘ﬂit ‘conaslsted—of- 90% by - volume of methanc,»a product of~
‘the - decﬂrburl icn reactlon, and lOﬁ by volume of nl;rogen.
ﬁociextructlon or.the‘drllllns £1lings gave only metﬁ&ne and
nitrogen, wnlch ieads .o tnn concluslon, that methane can only
exiat occluded mechan*cally in -toe cracks and cleava»ea of the
structure, ‘Pne streng}n;was'éreatly reduced in pomparlson with
the usual A’-'e.lu‘.:';z for mtesini of tial.kime, : 3 ngation,
reduction in volume ana 1mp¢ct reéicténce'vas left,
It rrGQuen;ly opcurrcd_zn.amenla syﬁtneala plant opera-
%ing under a pfessure of 1006 aﬁm, that a round rod of 80&@ dia-
ﬁefe: irislae the apparatus, walntained at 150°C was cracked longil-
tudinally. The stuay of tne'structure.df cne suchi roa snowed it
to be al&oat'completeiy de;aruurlzea. o outlsiae foroes actea
upon tae rod, aﬁd the oracking wust Hdave resultea frou 1inside
sfralns. Suca atrains are ungueatlonably céused‘by tne'diffusion-

incapavle methane formed during the decarburization. They may




also result 1n conelaerable ohanges 1n 1ength as has been learned
1n otner cases, and cause trouble in operatlon,””“
_ Another manifesoation of hyqrogeg/attack “the formetion
A_!of bllsters,-l also to. be,attrlbuted,toﬁsmralns.resultlng from
- wdecarburlzatlon.‘ An example of sucn 18 snown’ 1n Flg. 5 (Plate 1)
These bllaters which are very slmllar to the plckling blls ra-
(and have resulted from ‘slmilar cauaes) appear partlcularly orten
upon the eurface ‘of not kllled ateel Fig. 6 showa that the sepa-,'

ratlon results mostly in the partlcularly lmoure layer betreen

the edge and the llquatlon gones- the presence orf: large amount of

ccntam’natlon 15 not however, a prerequlalte Gas found. in one

such bligter consl ed of 60% by volume of methanewéﬂé'40% of

'garbon dszlde.

A hibh presuure tube in an amuanla synthesls plant broke
cuddenly rtcr elght mwonths of Operuulon. It was made- of unulloyed
8teel and aervsd to conduct synthccia gag under 850 atm pressure
and at hoo to 290°C. Flgs. ? to 11 ghow the appearance of the
crack and the atructure at the break ‘The affected'zone, about
10an deep,_can be tqld by 1ts mat appearance, Decarburlzation
can be dlgtincily seen in the atructure; beybnd that, the hydro-
gen at.ack 1s aanifested by a atrong accentuation of the grain
boundarlea (F1g. 10). The carbon content dropped nF the inner
edbe froa 0.30 to 0.1&3. _

Tnis casé proves the laportance of supervision of the
condition of the’ material of/yénstructlon of the contalners, and
in particular to know and observe the conditlon of the reactlon

vessels. This may be done by a metallographio study of a surface




'eectlon or by removing a ranlal urlll core.. Fig 12 hows the

"1nstrument ror tne ml¢roscOpic surface examlnation whlch was

'found Dac1sractory for vertical pressure containers. fhs

- ,micrOSCOpe 15 mounted on' a brlube, and’ the latter 1s kept 1n

';place on - the 1nslde of tne container under GXamlnatlon. _S
'<1t be founn tnat the material was attackeé&n drlll core m
.be removea to Qotermlne the depth of the attack

: Fig. 13 shows che results of exsmination of suon a "_
’dfill cofe;- One half of tne vall thlcknes of a Gomm plece hag
~here been attacked. ‘The reaction ves,el w“s then disuom‘lasloned
and studled in detail, bamples for longltudlnnl tenslle strength.
ana 1mnact strength were taken from four dlflerent zones. Accord-‘
ing to Fig. 14, tenslle strength ‘and ductlllty drOpped greatly
from the.outslde nowarns ths inslae, with: the ductlllty~nropp1ng'
faster't ,“ the tenslle strengch anu tne Lipact reslstance ear-
lier and more bhqn the elonbation and the reauctlon in area. A
tensile strenbtn test samyle was taken o 1nc1ude ‘the whole rall .
tnic&ness to learn cnn effect of such zonns or dirferent atrenbtn
of the coupoal te wall. Tne tenslle strenbtn has been found below
the average value of'tnerintact ana the damayed pleces; the elonga-
tion ana reduction in area were even below those of the‘ihnermOst,
zohea. The superlof deformation properties of the unaffected
zones 1s made unavallable by the lower impact at*enbth of the
adjolning zones. Hot drawing experizments have shown (Fig. 15)

that at higher temperature as well (a temperature of 450 °C was
gelected because of the operating témpe:ature of the vessel)

behavior of the attacked purts is no better.
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FFbUTb OF P
; DUM ATTAb BX dIDHObbN

’*The dkmabe due to hyaroben multlplieo Wit cue rapld

expanslon of nigh. pressure lnstullatlons 4nd tne conbtantly

rls uemunas upon construutlon macerlala, anda vie. ueclded 1n

1928 to utuny exyerlmentally the ezfect upon eteel or nydrogen

1unaer hlgn pressure, anq~a enort uOGOunc of thesge exyeriments

is biven belov, as relatea ‘%o unalloyeu ateel,

rne experlmentul arr¢nbements are shown: schematically

_1n’FIQ.-16. Tub usual unuurirleu unu undrlcu cylinaer hyaroben

-way used  in tne experlments! becaqse}lt gorresponds.the closgst

%o practiculbcondltlons.‘ ﬂydrogen was taken trom a steel cylin-

der ¥, compresscd'to Tae 4 desirea pressure in a' b stabe COl

'pressor {X), ana £1rst led into a collector (u) Tubes 3

made from the materlal 1nvcuulbateu ana nyuroben (&000 ll/h)
iac.led through thew (a,b,c,d); or else round rods made, 1.e.
test rods for'tenélle strengln or notenea bur tcuts,'wuicn ﬁere.
placea Inslae a Larber hlbh grcs“ure tube througih wnich hydrogen

was passcu-(A,B). In the rirst'case.the.sam}le'wau under mechani-

cal atrain rebul ting frou tne pressure, buu not in the. aecona

‘'he tubes ‘vere. uxwae oy arilling roqs bGOmm lons, §Omm
0.d. and 1l2aa 1.d., and had therefore a wall thickness of .
Accoraing to C. sach, tue tahuential‘tepslle otresQ 1s equal to
about 5 ky mm2 uhder a pressure of 300 atum. The tubes were pldced
for 300mm of taeir lenbtuu into pmall furnaces and heated froa the
outslde, <Tue thermocouple for the measurement.and reuulatlon of

the temperature was inserted into tae middle of the furnace.and




unk somewhat 1nto the tube ualls, ln adaition temperature drops
to tne outside were observed by tnree addltlonal thermocouplea.

The hlbh pressure tubeb usea za nhe seszs with the 1nserted
."samples were 1500mm long' 8omm ‘o d., 3,mm~ ' The‘tubes wer
heated from nhe outsi e to A length of lOOOmm, which proauced a

1engtn of about 200m:a wnlch was at a unlrorm temnerature. Tha

4temperature wus read in ﬁhe mldule of. the furnace on a tnermo—_

couple set somkwhat‘lnto the wall ang. mnlntalned automatlcally
f.wlthin £ 5°C. ' The samples inslde tns tube were 'so placed on a
support that hadrogen had - free access from all sides. Tbe tas
fllllng was renewed every two . houra.. Tne erfect here’ waa the
pame as wita a current of hydrogen. .

Tna'tubeé weré also heuted'td‘a'nlgh témperature uﬁdef,
so"elureauare oerore ths bebinninb of every. teat and when thn
experimentel tnmper“ture was reacuea tney were put under the rull
hycroben p.essure. fne gas rrom tue tubes passed throubh a deli-
,ca.e Tregulating valve 1nuo an interucdiute vessel (Z), and froa
that through another tnrot.tllng valve was returned to the com-
pressor. lests were occaslonally conaucted to- the bursti ng of the

tubeg, and some of the hydroben was lost, and had to be replaced

by make-up gac. Tne nydrogen was in thls way contlnuohsly slowly

renewea and the circulating gas dl1d not baconme enrlonca in mzetuane.

A comparlaon of the two series of tests showed that the
attack took place exactly allke,.reuardleqs of whether the steel
was under straln (tubes) or not (inset samples). I.e., Fig., 17
showsg the longitudinsl cross séctigu through 3 tubes 30mua o.d.




" and 3 12mm 1 a., and of 1naerted rods 10mm ln dlame er, which
mwere subJectea for 10 hours. at 500, 550 and. boo°u to hyaro5en
under a- pressure or 300 atm. uhe rads under no straln were

'Jevl&ently as aurongly attackeu as the: tubes, sven: poaalbly
.’somewnat deeper, because tns hydrogen concentratlon is moref"
’rapldly reducea lnslde tne tube due to the dirrusion 1nto the
- walls, thmn to tne lnslde of the samples 4/' Becauee of the
greater eage of preparatlon and manlpulatlon m05t of‘ths sam;
plea were therefore used as 1nset pleoes.
Two' open haartn aceels were used in the flrat serlea-

of" tebta. -rne:r«cpmposition was:

PG pSL . man eP A3 »NL RO

0.22 0.31 . 0.8¢ 0.021 0.020 0.15 :0.14
0.76  0.16 0.25 - .0.0L  ©0.016 0.10  0.07

. -Samples or'édmmAdiaméter ana 50ma 1ohg”weré,made'rrom
normallzed‘rodn'zzﬁm.dlametér' and pbiished all over with emery
paper slze 1 F. fhe a“mples vere ne-rattea wltn benaene before
_tne eXperimenta, wolbhea and peagured. Artnr the tasta, the
.rods were coolca 1nA;;; furnace under a ulibht hydrogen pregsure,

A stronb attack: by hydrogen was frequently manlrested
by the formation of 3mall mqunane~blls=ers, which occaslcnally
‘were ranged aiong the fibers of fhe metal. (Fig. 25, Plate 2).
The gamples were next weigheaq, msaaured cut lonbl~
tudinally and polished, . The depth of decarburizatlon'wns then
measured on the etchsd section, and namely the total depth and
the wluth of the rer~1t1c edge layer. Decarbu:izatlon waa'also
deteralined froam tqe loss in weight. The value sd-obtalned repre- -’

sented a state wnlch coulé never be entirely reached in practice,




but was approached under certain experimentul conditlons at ‘
v'hibh temperdture' in such case tn _agreement with' the measured

'decarbur1z¢tion values was rathsr good (Fig. 18) - fhe process

'of decermlnation or ‘the- decarbonlzaulon from tha 1058 1n welbht

' ;offere the aQVantube of obJectivity 1n the presentdtion or tne

.reaults, anu 1s unaffecneq by tae chance atructure or the decar-
.fburiued mnuerlﬁl The degth or the aeca*burlzation wus accord-
inély alvdys basea on ths followlng reaaoning '

Lxuerlmental conaitlons were- cnangec wlthln the follon"
fing_limits.. oressure rrom 25 to 1000 atm., tcmgernture from '
1400 to 600°C, und time from 1 to.100 nours.

- Flg. 29 sno"s the effect of the hydrogen pr essdré._:Qeéar;

'burlzatlon startu at a certaln pres ure, and t he_depth‘ot/deuar—.~
burization increaces ropidly at first § uh increasing preruure,
,then slower. Ihe decarburlzatlon startu at lover preauurea ;a

the tLJyEFJEQP“ rlseb .ana the time lncreases, Presumably-as_a
result of toe nlun wansanese and -cnromlwas content, the start of
decurburilzation in tie U, 255 Otutoel 13 at a higher presswre than
in tne_other sample.,

. Zhe effects of the length of experizent is ghown in Flg
20. Lne deptn of decarburLZdtlon atl firat lncreases ra,idly with
time, and -tien seewms To Increuse 1in a atraignt line. €, X. Aus~
tin 5/ hus obtalned s;dllar.reaults in pis decarburlzation experi-
ments. It 1s wvorthy of. notice that‘decarburizatlon of the carbone

richer steel does not start lmuediately, but tnut the process

5/ J. Iron stesl Inst., Vol. 105, 1922, pp. 93-142.

.-




requlrea a certain “1ncubation perlod“ whlcn is- the onger, ths

’ 1ower the pemperature and preesure.‘ rhua, decarburlzatlon of
—’/ﬁne Oarbonvricher-steel begina only after 10—20 nours at 5oo°c
and 100 atm pressure, and after so;loo nouis at. 4oo° and 300 atm,
: ' The effect of temperature is shown in Fig 21: QTns
dec#rburlzatloq startsaat derinlte temperature, anu 1ts extent
depends on the presaure and tne tlme, and then extends to uni—_:
form’ depth 1nto the ‘steel. :ue may well conclude fron the ehape
of the curveu, that the atart anu tne progrens of decarburlzatlon1
does not aepend prlmarlly on the difruslon rate of hydrog en"' '
_» Bincs 1n that case the course of the curvea would be entlrely
alrfsrent, because tne emount or hyaroben dlfrualon 13 ‘an expo-
nentlal functlon of the temperature.g/ It musc thererore be
Wnssumen_;naz t.e probresa or thg‘process lu determlned pr*uarily
by the'ra;e or the actual qqcarbu;l-atlon reaction.
| Arter‘fhé attack hag stﬁrtéd 1t'§r§urensea rdpidly as
the temperaturu rlses, and tie gnowleage or ‘the tenperature, at
whicn tae actlon bebins is therefore partlcularly important,
Fig. 22 shaws Tue relau;onsnlp between the temgeruture and the
procsure of nydrogen_for-the sample ot aieel contdlhlnbro.76% C.
It becomes at first rapldly lower as thé présaure rises, up to
about.lsolutm,'and,then areps ouch more slowly. The effect of -
tine i3 %o be'seen in this caae,_tbo." The true connectlon can

only be found in experiuents over lony perlods of time.

6/ U. porelius and . Lindblom, Ann, Pnys., Vol. 82, 1927, pp. 201-226.
'. N . . !




1ne attacked samples snow an 1noreabe 1n bdth thevlength-*

=

'ann uiameter wnen measuren beforé and arter the e/posure. ¢n5'
"'1ncrease qepenus on tne dmount of carbon remo ad (Fi A3)
times the volume 1ncrease 1 qulte con 1deraule, one’ ample or
v the 0.76 ateel 1ncrenseu 0.70mm in dlameter ana l.OSmn in length
- Thia anrease 1n,u1menslons must be tne resul of decarhuriZatlon
and the looseninb up of" tne arranuement of the graln wildch resulted
coumsciuo& BETUbLH T ATTACK BY .
1HXDHQGEH_AND STHUCTUBE
Fi,. 21, Plate 2 ahova a Berlea of atched long

Uﬂectlone of samplcs or gteel with O. 765 C, where the upper row
was uecarburlzed at. 500 and tiie boltom row ac 600°C, Not»merely
‘18 tne decdrburlaaulon deeper at tne hiuhnr tewperature, but alsov
more compleue and tie rerrltic eabe zone chanu<; raﬁher sharély.
‘into tae unattacked prrain ctructure, wiile the cu zrbon content of
;samples treated at’ 1ome. '9erutu:es cl&ndeo 5radual;y Iroa the
.,edbe towards tne center; (aee algo blo. 18).- fue alignead orien~
tatlon of decaraurloation evidently reaults rrOM the original
- structure or the 8&&9188, ana. aegerveés consideration. Sumyles
decariurlzed 4t +00 and 450°C.sbowvlt étill Lore cleufly. L.g.
F1. 26 (Plate 2) reproduces an etched sample of gteel treuted
~for 10 hours at 1000 ata at ibo°c Toe effect of hyarogen has
accentuated the primury structurc by a atronger deuarburlzatlon
alonb the dendritic axes. -The decurvurlzation nas, in addltlon;
proceeded 1nto the graln of the smnplé m slde branches. Figs.

27 %o 30 siow tine structure of tils sample on the surface and at




'fbounaarles are strlklng, ae well as the strong decarburlzation:
l_of the’ 1nslae of the 5ra1n - Flg. 31 (Plate 3) ahowa the corree—,
7pond1ng serles. of structure of. Samples tres ed»at~4oo° «MOne may
Vsee ev n better ln thls case, that tne attack procaeds only “from
‘the graln bounaarles, and not from ‘the surfaces in 1mmed1ate con-
tact with hjdroben., In contraulctlon 1o 1t, Fig. 32 (Plate 3)
shows the structure of a sample decarburlzed at 600°C whlch con—,>
sists of-a comoletely’aacarbur zed edge zone, Whlch merges with.
- the unattached graln of ‘the materlal. T |
Steel ‘with 0.22% Y behaves slmllarlx, 1n this case, the
attacks at lorer temherauure are ever, lesa clearly ulstln-_
gulshed, and are perhaps manifested chiefly in a greater accentu;
atlon of ‘the grdln boundarlea. _ — i
Ve w11l mantlon hcre brisfly an etperlment whlch showaif
clea rly the connection between ducarburi ation and the prlzary
structure, A number of samples of tn&10;76%78tecl BOmm in dls;
" meter and. 2Qoaz lon'.were forged to a aliferent extnnt and then
subJectea to the action of hyaroygen at 300 ata ana 4u0 °C. ‘The
reductlon in Welsht wag the same in all‘géses, but the nature of
decarburization was very-dlfrergnt, a3 may be seen in Fig. 33
(Pl#te 3). ‘ihe Gifferences aust bcvéxplalned by the aifference ~
in the orlglnél structure, as proven by a coaparison .of the sec-
tions etcned.by P. Uberhoffer's wmethod, Tneﬂdendrltlc axes are

attackea first. Flg. 34 snows the gtructure 1n the decarburized

zone of tne unforged test pleces in a larger magnification. Detar-

burization lé found only in the dendritic axes, and inslde Of thess

it starts from the grain boundaries of the secondary structure.




also be aesumed Irom the looke of the struct f J E steaa §/

1s of the Opl ‘on th“t gases eni : metals easlest bet reen the.
crystallltes, and W Rosenhaln 9/ assumes a gaseous alffuslo

alons uhe graln boundarles. The hajorlty of the 1nvest1gdtorv_
bave reached the conclusldﬁqfhat hydroben Qifzuses througn the_
-meta; 1attlce, and not only tnrouﬁn tne wrain boundarles 10/

hhenever ‘decarbur lzatlon gtarts at the grain boundarles,,

the fine grainea tb“t pleueﬂ may be erpucted to be .gironger aecar
burlved than the coarse braln. f ucn nowever is not actually ‘the
case; Tést pleces from the Two steels made coarse~gra1ned by neat;‘
1nbta 1150°¢ 10 t es much welbht ag the normallzeq pleces. ’The' '
cours e—bralned teot “lqces haa a much fiper network of hynrogen
att&ck along thul“ eagcs, than corregpeonaea .to tneir graln slze.
(Flgb. 30 and 56 Plate i) -Ithhls cage Carburlzdtlon'atérted

_ at a braln bouxsary and then evldently Norhod 1ta way 1nto the
grain itgelf, dpparently alony certaln prexerrea glancs (Fib 36) .
The graln boundorles appeared, nowever, to be prererreu, at least
at the staxt; In ag:cemcﬁt with thls; tng'dlrfus;on éxperlmcntc
at 0 ata pressure and 300°C have shown thafithe hyarogen periue-

abllity becaise gizallsr within increasing grain elze, The intrusion

?/ R. F. wenl, Aacr. Inst. wln. mwetl. Eng., Techn., Publlec ido. 726,
46 up. ke, Techn., Vol. 3, 49i6, No., 5.- '

8/ J. Iron Steel Inst., Vol. 103, 1821, pp. 271-275.

9/ J. Iron 8teel, Inst., Vol 92, 1915, p. 119.

10/ G. porelius, Ann. Phys., Vol 83, 19&7 pp. 121-136; W. Baukluh

T and . Guthmann, Z. Metallk.r_Yol*,28 1936, pp. 94~-40; C. J.
Siaitnels ana U. . Ransley, Proo, Roy. Soc.,, lbondon, a 150 (19%5)
Pp. 172-187; metl, Progr., VYol. 9, 1936, pp. 92-94; W. K. nanm,

Trans. An. Soc. M2tal. Vol. 25, 1w37, Pp. 563-570.




‘-Cf.throgen into. certaln prererred octhedral s"“IaceB have been

Drcven mstallobrayhically'on;pallaniua by u. ﬁ : ith ani. G. J.
\urge LL/ . ; '
o It has rurthsr be°n found metallographically, uhat indi-
deual s»amped test picoea, 1n bene él unattacked, vere completely
>locally decarburl ed underneatn thﬁ atamu (Flg °é1_L Jacque 1?/
hae made a ulmllar obse“vat ion. Hydrogen attack is tnorerore
ravored by cold vorhlns. The mébnltude of ths efrect or cold
A worklnb was tcstcu by cola namaerlnb two oerlea or ue,t pieccn
a:om 10 - to 5055, on_aLZOmm dlaneter and 20mm 1engtn, and then,ac;—_
“ing on e&cn~sé?;és;wiph hydrégen—gt>556°€ﬁnnd:360 atz and at 600°C
and 100 atm. ‘ 5o Jho _‘ne losses in ﬁelght in relation to
she arouqt‘of wofklﬁg“ Thef increase with ihéreablng amount of
cola rork1r~ up. to 10k, 1Flg.'3é-(P1uté.4)-cnowa The longltudln;l
asclion or ‘the teot pieces. Cola mrklnu cauaes a deepcr pene—
7§rht10n oX dcgggburlznt .on_at. hlhn -emg ﬂ&ﬂtﬂﬂf_ﬁnl1e al low
temgefaturc.thi elffects are EY cc"ple.c decarburlzation of_uhe
‘workedlicnés. 6ne of the ugat pleces worzed to 50% was crackcd
by thé-métnanc prebsure at the poincé of gfcateab deforxcation,
Diffusion brocossoa'acéelerated cold'worilng ig[ and the greater
~decardurizatlon tendency must be atiributed To the increased hydros
gen Giffusion in the cold woried partvs. <The hydroygen enters the
body‘along the glide plaqes which are in many regpects simllar
to the grain'boundaries, according to P. Langaulr 14/ and H. J.
vén Liampt 12/; and can in fuat waYy cause a couplete decardburizatilon.
11/ . Aa. Chem. Soc., Vol. 56, 1934, pp. 2513-2524.

l_/ ¢. R, Acad. Sec., Paris, Vol 195, 1832, pp. 8768-880.

13/ R. F. wehl. Am. Inst. uin. xes. Enb., Tecnn.xubl., 726, 40 pp.
det. -Techn., Vol, 3, 1936, Ro. 6.

x4/ J. Franxl. Inst., Vol 217 1933, pp. 543-570

15/ Rec. Trav. Calu. Pays-Bas, 'Vol. 51,71932, pp. 113-142.
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bFFhCT OF HIDHDGLN ATEAGK ON THh<_-
' MLOHAHIGAL PBOPLRTILS I

_ Soms statements hava alreddy been saia 1n the beginnlng

[N

- upon tne effeots of the hynroben attaok on tho tenbpile strengyn"*

et - - gnd: -Guctility- of"the“m“cerlax“" he effects of cg ed nydro ;*

ben ang’ temuerature upon. the mechanlcal propertlea of stezl were
studied in a scrles of tebts wlth unalloyad bnslc hearth ateels
‘v;tn a ¢ centent of 0. 013-0.45%, aﬁd uummarlzed on Table 1. Tné
'anmples werc fcrbed eithor to round barsg l2am diameter, ‘or to
SQuare rodc wizh 13mm edge, normali.eu then cold worked %o test -
pleces Smm dianeter and"Omm lenbth or to notcked bar test ple-
cea lO x 10 x bomm *1th & 2oz round notch. The du:ation of tho -
teat Was-generally 100 hours. A phorter time w@s.only usgd at
|€00°C, because the atiack g€ Thut texﬁperacure Waa vory rapld.

the limlt; of stabillty cere found Verlna with the tenperature
and px easurc for gtoels 1tn 0.11 ana O. 243 C: with tho Oun.r thé
pragsure ol 300 ainm Wﬂu Talntalned thoouhout, and only Uhe tea
perature changed.. The sumplen were zcsceé after heatlng Ln hydro-
gen. One-half of the notchea bar‘tesc»dleces wero always’téstéd

" metalloyraphically by prepar1n5,a eoc.lon, and tne carbon de»'r-
_mlned in tke edge zone in the corrogpondlnyg other half, for which
purpose a lza ~ayer was filed o.r

Tavle 1. Comp yositlon of 3teels Tested

:og Me cal Strength -
% c - %51 & pn 2p %3
0.013* 0.01 0.02 0.01 0.01
.11, 0.14 0.41 0.014 ~~ 0.820

¢.24 0.29 0.60 ,0.036 0.022
0.4% 0.26 0.81 0.020 0.020

~

* Araco iron -




The hadrogen attack manifesta *tselr in the strong
lreduotlon 1n ucnslle strength and 1n an almost complete deg-
:truction of ductlllﬁy._ Flgures 40 and 4l ahow the changes in.

J :

.,mechqnlcal p"opertles of ateels with 0.-1p C wltn 1ncreasing

_:temoerature anq_hydrogen preasure. T pe.ssin° of “the llmits
 of stabllity are seen.in Fibure 40 betﬁeen 350-400°C by a eudden
dr0p of- all macnan‘cal strenguh Valueu and’ ‘An- the carbon content
;Notohed bar teous are the moset senaltive 1ndicatlon of~hydrogen i
Bttack.- In the llmltlng casea, the QrOp in the 1mnuct valius
- oay. bs tna on.y 1ndication of a hsaroben atuuc (of the steel
"with O.I.N ¢, 100 ata, -OO°G) g The hydrogen: attack, in such ‘
cauea, cannot be proven analytically and with great difficulty .
’matallocraphicﬂlly. The mat.grayvappearancc of the_fracture ia N
a oure indicatlon of atte,; by hydrégen (Flg..ss, Plate 4)'ahd:“
the fracturs is the da.rl er the stronger the attack and the higher

ﬁhe’orlglnal carbon-content The structube of tie attacked pam-

ples shows the well-known ohcnomcna deser 1bed pravicusly (Figs.
42-53, Platﬂ 8). An nttac&, AL p;esenu, pay exiznd ; the cen-
ter of the sampleo. The notlcoable attnck upon the srain*boun-
darlee ‘on the very lov caroon Armco lron 1o rcuarkable.

_The 11rluence of carbon content is relatlvelj small.
The-Armco iren 1g already attac&cd at 350°C under 300 ato hydro-
. gen preasure, tut stlllbretains a gocd share of :Zechanical
strength properties in splte of the atiack, The attack upon
steels beglns between 350 and 400°C. Fig. 54 shows the changes

in the mecheanlcal prcpertles after trsataoent with hydrogen at




 the materlal, tne Values of the attacked samplea are given

,percent of tha ori inal values.- _
?1g. 55 ahows the llmits of stabillty ror'the two eteele_-’

with 0.11 and 0. 25% .  Thsrs 15 no - true hydrcban attaok at thg

:nressure of 1 atm, on- thn other hand at 650°C both nteels shnw

a 31;;18 decarbur zation wlthouo 1ooseninr up ol structure and

o accoruingly also without harmful effecon_upon'the ductllity or'

,the materlal.
we w1 dlscues later the reaaons ror the appearance or

such enquOW" 1f*erunt Xinds or dvcarburlﬁatlon. Tne linits of

stablllty unner &0 atm presau.e are betwen 450 and 500°C' when
cex caeded ar nular hyurobeq attac& atarta (mark 4 with an x).
The limlting temperaturc '1s dlsplacod with 1ncreaslnb preesures‘ -
towards. the corresponding loaergyuluea,nnd,qrops,at 100 ata
pressurs to about 300°C. . steel wltn 0.24% C 1a more stable by
aeveral degrees than cteels wlth O.lLb C. Thepge data apply hatuq'
rally only for tests laeulng fo; 100 houru. “In agreemené with
| Operdclonal experience, tests extended toia,ooo hours have sﬂowh
that the 1imits of etabllity are but 50-70° lower s%ill. n. P,
.Inglis Ans . Andrews 16/ have cone to tho conclusion of very
long exXperiments at 250 ata pressure that the 1ialts of -atabllity

of unalloyed steels aré around 150°C for ccerse sralned structure’

16/ J. Iron uteel Ins%., Vol. 128, 1933, pp. 383-397.




'_oqmmon for 1arge
“able to them led him %o bcueve this data to ve too low.
o Tubes strained by 1nalde p”esaure viere. also treated
‘:zn tnis aer o8 of tests A A.goft 1ron of &rupp contalning 0 04; 0
wau used 1n L*ﬂ olace of th° Armoo 1ron. 'The-attack=bagan at 300
'hours unﬁer 300 atm nreasure _t 350-300°C in ¢ agreomsnt with the

gqte performed w;th rode. Ths attack was alreany extenued ta a
(;raat depth‘ at 4oo°c.» : "‘h.e ...tte.c‘.: vas 80 strong at 600°C that

Suo «us 5 Bumst in 7-25 ::::c; ;:i stoels wath h;sﬂs: ooroon con-
tent had tho longer 1life. . . ' o .

te musgt mention tegts oni steels with 0.1” C, with addi—

tions of O.ZQ.F, 0.2% 5, 0.0sp 0 and 0.155 N (by»nltriding).
The pressurs wss 300 ata, ths temn‘erlvture»a‘éo-éOO"C It vas
rbund.that nong - of uhﬂ eleLenta adaded, except’ nitro‘en, rere
removeu by tne action of nyaroben upon stecl, The steel, pre«j
gumably . as a2 result of the broaklng down of tne unatnble‘ iron
nitridee, beban to soften already at 350°C, without reducticn or
the duc»ility of the sleel. All the stecls were unattaoked av,
V350°C, 2nd wero decurburized and attacked at 100°C. lio decar-
buriéatlon was found either analytically or petallograpbically
'only in'che pnosphbfous steel and the ductility remalned also

sor‘.. what hl{;ncr than in the other materiala.

_PROCESS:S DURILIK: ATIACK OU
© STEIL BY HYDROGLN

The processes of the attack of hydrogen upon steel can
be descrlﬁed on the strength of the phenomena observed: hgdrogen




flret penetrates zhrough the 5rain boundary, and etartlng from
there attacke the preferred rain surfaces in the ste°l and '
begins to decarburlze the material if conditl dre favorable

%o it. - Tn; _decarb: .1~atlon proceeds:

-4——~~—Atures anuvpreasures,‘and eillvrlrst attack -the oarbon diesolved

in the &Liron."”he carbon 1s dlaolaced the“e b; diffusion in
the afiron, a proeess which“alao wlll proceed very slowly at low
temperatures. The attack Iirst becomea'vislble:ln the dendr;ticv
-.axes, beCause the‘earbdnepreseht in the pure métaluean diffuse
~ over them the caslest. J. H. Whitely 17/ has found that the -
.solubllxty ef‘carbon in aflﬂen is reduced by impurities, The
éffect of pDOSWhOFlAQ %8 probably the reeult or 1ts known reduc-
cion of the ao’ubllity of carbon in tho y”iron";gj. .This 1s also
indicated by tae lowcr-decarburi atlon of the pboephorus steel
testeu. Ths zore eouplete deuarburluatlcn at niuher temperaturGS'
may be explalned by th stronber carbon diffunlod. It ls-pro—
bable, that at nigner,tezperature aecarburLZaticn by oxygcn'or
by atcas iz addaed to that by’hydrogeh and nnis aiso‘produces a
more comglete removal of carbon, because oxxben aiffusges pre-
ferenulally 1nsids tne yrain 19/, ‘
The methane formed during decdrburiuatlo caﬁnot adiffuse

and as a result it colleets in situ where ke process takes place,

A2/ J. Iron 3teel Inst., Vol. 116, 1997, PP. 290-303

i8/ F. wuste, sietallurgle, Vol. 5, 1908, pp. 73-37; P. Goerene
and W, Dobtelsteln, Ibid. Vol. 5, 1908, pD. 061—566' 1bid.,
Vol. 6, 13C9, pp. 537-550. - '

28/ D. H, Rowland and c. Uptnegrove, 4rane. &me‘. Soc. Ket.
Vol 24, 1936, pp. €6-132




l.e. on_ ths grain boundarlea'and on- ‘the preferred grain surfaces,

and produces atrong tensions whlch ultlmately may result 1n rup—,;*
' tures.f Tns removal of a very small’ §r0portion of carbon content
'gmay be suff*cient o cause: this actlon as. sﬂDWn by etperimants
;witn Armco 1ron. Th~ flrst separatlons aopear a“reaay before_
ths dec_rourlzation becomea viaible mloroscopica_ly, as can be
proven by othar means._ Th.a must be attributed 40 the widening
of. tha grain boundar*ee whlah_lg vislble during decarburlaation
,undar a miorgscoPe. The whole process undergoca a chanse the

" moment thé'first'éfaoﬁs are formed. MKethane now can leave ths
»Bt&“l and h&drogéh acqﬁires an easier entry into thé inside.
Vhsrbver thwse orucka zavc formed thoa reaccion beao reg mo 2 lively.
Thls-ezylalns the appearance of the deoply 1ntrud1ng decarbur—
ized branéhéé 23 well ag the sudden appﬁar nce and “apid vielblé
progress ‘of une d@carburluaulon after a certaln time, while ths
rest of the steel apsocrs Lo be unaptacsed,r -

A Th~ urocess 1 fundamentally dlf:erenf':han in the ueusl
_edbs decarbur’z*uion of ateels,vand diffcrs‘vrom tha»lat:zi in
the manifestaticns and 1n 1ts action. The usual edge decerburl-
‘zatlon s menifected only in samples heated at étmospheric prese~
“ure (Table 1); the beginning of the decarburizatlon 13 between
600 and 650°C. The hydrogen-resistant chromlium steels showed a
difrferent type of decarbturization also at hisn preSSU:ea_aadv
correSpondlngly lower temperatures dosn to 550°C.,  Unlike the
hydrogen attack, the edge decarburization proceeds. relatively
slowiy'and quite regularly, and leaves a strusture knaltered

I




exeept for the disapbeurance of per11 ._a0uoruln ly the aamples
‘ acbac&ed retaln their comolete ductillty even when the decarbur -
?’Zatlon has extsnded to ths eenter of. “the sumples. l » '

» _ To whaf are’ %o bs autrlbuted theee fundamental dlffer—!
,enceé in the two decarburlzation procebsea( lefusion erperi- o
ménﬁs:enow that the’appearance of the one or. the’ other roxm of.
‘deoarbuTIZatién 1s;not retated to The dlffuslon velcclty or hydro-_”‘
gen;_ The edge décdrﬁur*7at16n may. appear 1n the aame steel at’
the aame dlrfusion velocity of. hydrogen at whlch steel is attached

at the graln boundarigs under’ otncr conditions. The absence of

" ‘grain boundary attack can tbefefo;e not be'éﬁplalnedvby the possi-

" bility of Qlffusion‘for the methane produced at highcr temperatures.
As menslioned above, tha 6d§e decarburlzation takes place
in allo?ed steels at reiatlvely low ‘empera:ares, and there remalns
therefore only the concluélon that ln:thla-type of dccarburlzation
no methane at:all 1s formed inside the steel structufé, An_Indif'
éatlon cfﬁthe nature cf the'proccss ic given by thz 1nvestigatlon
“of gtfuc;ure iy cdge Cecarburlzedlﬁhrozium steels. Yrdls shows
finely d;stributéd oxides noar fbe ed;e. Decarburizatlon is thére;h
fore most like ly causcé not by hydrogen but oy o%&gen because in
the unydrlrled hydarogen »nerc always exists oxyben both as the
free element and in the fora of water vaporc.
1t has beén srown by zany lnveatigators thnt molst hydro-

gen acts much ore strongly decarburizingly than-ffy hydrcgen 29/.

20/ E. D. Cazmpbell, J. Ircn Steel Inst., Vol. 100, 1919, pp. 407-415;
k. D. Campbell, J. F. Ross and W. L. Fink, J. Iron Steel Inat,.,
Yol. 108,-1923, pp. 173-187; A. Bramley and XK. P. Allen, Engi-
neering, 1932, pp. 92-94, 125~126 and 229-231.

T:>.




F W&st and C. Gelger g_/'
. bmmons 25/ h,ve founu no dPCarourlzation wLatever when uslng pure

- ary hydrogen.\‘ine exneriments of r. bcnmltz ;r/ et al prove that
even pure hyurogen m“y charburlze under atmoapnarlc pressure and
hlbh temperatu,ss. Accoruing to k. CHo Schulv an. hulauruch 25/,
decarburlzatlon beéins in ary chemically gure hydrogen ‘but only
at_950°C,.while techqlcal iy Du"e hydroven acts stronbly decarburi-
:zlngly_élreédy at 750°Gi‘.C, R. Austln 26/ has. found tnat very pure
dry hydrogeniproduces_g[decérburlzatlon at 800°, but 1t 18 then
. highly limited in ex ent and unprOVabfe me tallographically. b H.
,'waland-andvc. Upthegrove 19/ have also establisnsd the fact uhat
‘oxygen ls the »or incl Dal decarburlulnb agent wien woligst hydro“on
1s used, and taut tie oyyge1 foruas. a solid aolutlon in iron anu B
dlffu383 tﬁr6&5h 1t. Tha hyarogen decarburization prooeeds, oW~
ever, ‘ai ;:&:;r:;::: srce uen giorep nno only hn-inc 2% oppro-
qlabiy higher téu;eratureu Than. tio bbuiﬁg&pu of_¢aéarburiiatlod

Ly water Vasdds. Cur ow¥n exyorinents have alse shown that very

pure hydrcgen does na% act notlceably dscarburizingly at 750 and

80¢°C, whlle z=cist hydrogen docarburl:éé'vcry strongly. It must
tnurerore be ccnsldared proven uhdu the edgs decarburization on
aauples h°a»ed at at ospnerzc prescqrc 1s not caugnd by hydrogen

but by oxygen. ) ‘ : -

/

21/ Stahl u. zisen, Vol. 25, 1905, pp. 1134-1139. ,

22/ Estallurgie, Vol. 7, 1910, pp. 261-264. : .
23/ Trans. Aner. Inst. wmin. Ked. kng.,.Vol., 50, 1915, pp. 405-423.
24/ Stanl u. EBigen, Vol. 29, 1919, pp. 3I?3-381 and 406-413.

25/ Arca. Elgennuttenwes., Vol. 1, 1927/28, pp. £225-240.

26/ Trans. Azer. Soc. ket., ¥ol. 22, 1934, pp. 31-67.




barbon monoxlde is a ‘product. of the rer 1c: of ‘As0ir-

by oxygen. 'Th.s oan. readlly dif?usa throu*h steel ;h/

wluhout oausln* any uensions and separatlon,. ”his was proven by

a- vaSt made ut another opportunity. A small glate uaa welded

:.lon 1tud1nally 1nto a tube of l2mm 1 d rade . of omm tulch unalloysd
aueel wlth O;Sﬁ%»C."An u.yurified molct h&droben was lntroduced
 1nto one—halP of the tube, whllc the’ other was eVacuate The .
test temperatures werse 650, 700, 7u0 800 850 and 900°C the
leng th of the O “;ment was .always 12 houra. Table 3 shows that‘
“the evacuated 5ases'cohsisted 6n1v of Carbon monoxldefproduced
in the decarb‘ rizotion of the pla.es, and of hyu.oben. %li the
‘tests were made succuséivolv on the cémo platu, and thv latter
was fin;ily &lnogt ccmple:ely dccarburlzad; which ngtura;ly
resulted in tho ; redustion of the carbon monoxtde contents of the

ovacuated goe.
D ODROGENR AT A

mBvasvated

1.60
1.76
1.65
2.57 27
3.72 .48
4.52 0.38

Even assualng that hydrogen participates in decarduri-

zation at higher femperatures, ag may be accepted on the etrength




\p*ooess dlffers, norever, from the decarnurizatkon unaer high
pressure probably in that 1t takes plaoe on the surface of’ ths

-WfSueel»uwhere thﬁ mathane formeu oan ¢ree1y eacapo’

Af er a orlef dleousslon of “The’ manifes»at*ons and
resulta of hya:ogc attack lllustrated by samnles of attacked
at"uocu.a1 n¢rcs of nibn pregsure hy ogcnutlon veseale, a report
ls madc on e}perlm:nue for dstermining the nffecuo of pressure,
temoeratu e and fime en the be"*nniwx ﬂnd §§~>progresa of decar-
'burlzatlon of unnlloved thbls. The length of the exp
of decldiny lueﬁye for the gptach; es wellnﬂ the pressure j
ana the tesperature. After tis “tuacL fus al¢egé excceded the

imits of stuollitY {acpending on lensth of test) th procese
'sirelatlvely rapldly inside tho ateel. At.low texpera-

D=EG°C) decarbuélz;zion procgcda in an incoapleie and

bréncned form. It staris at the grain bouncdary and on certalﬁ
_preferred surfaces inslae tae grain, Tbhe dendrlslc ates are
more rayidly decervurlzed tian the rest of tpe watertal. A cold
woriin, favors 3ihe séarsing ana tnn.progress 0f the hydrogen

attack. _

on2 machanleal properiles, and in particular the ductlilisy

of %he steel, asc strongly lowered by ths hydrogen attacik. Armco

ircn is also attacked by hydrbgen; in spite of its low carbon




: content Phosphnrus, sulfur and oxygen ara’not removed by
- hydrogen under égﬁaltions at which decarburizatlon already st
\Parb of the nltroben escapes bafora decarburlzatlon, without
o ef:ectlnv ductilitj.
| Hodrogen attack differe rundamentally ln form ana aotion
from.the low»preasurevedge decarburization. Thg diiferencg-;a_ln
_the férmatlon of methnhe through decarburization with hydrogén

while 1n ths surface decarburlzatlon oxywen (wgter vauora) acts

_wxth formatlon“cf_caroon mono: 1de.

DISCUS3ICHS

F, Xorbor, Dusgeldorl
I wish to ask a.queatlon on gome groups of plciures pre-

sonted anmiony; i at N Heuzann and which

Givea o’ : 71;75 $ 1ns the oDechunlsn o‘ the attacx of bvdro-
ten upon carken, 1t dsals with Flg. o7 wnich showg tnat the
: 8 greatly lnzanaiflcu after cold wzoriing. You might Iirst
o) lnte;pret this by tha fact of the ¢old w ..;1:1.m
turbances in the laltlee, tonglons tn the struc-
that the gtrongest
°C snow tearins of the edjes. Ve xust,
oind that the cold worked samplos reunined for
heurs above the recrystallization temperature; the cold worhing
siructure must have dlsappeared shortly after the beginnlng of
. the :esﬁs. I would l1ike to ask ur. liaumann whetiaer the mechan-

1ea of the intrecduction of hyarogen has been invesgtigated more




‘1n detail on. these oolu vorked samnles' it may be that uhe mschan—,
ism of tne lntrusion into” th. graln of the reorys alllzatlon struc-

tura is dlf?erent arter coolinb to a Teu ybcduu‘c above ths trans-
»rormation polnt We m t connlder the d.strlbutlon of ths occlu-‘;‘
'»eions which are entirely different 1n ths tro cases.

| . Guthuoan, Duspeldor |

. mx- I»auma.nn hag stated in his J.moortant con’.munlcauon
-thac in his opﬂnion the oarbon- oontent had a small 1nrluence upon‘
tha hydrogen Qecarburlzatlon. I can briefly report oy own lnveatl—
gationé carried out iast year with ur.“w,'Bauklon in the Blast

,_Fgrnice Institute of the echnigohe Hochachule in Borlin, which
béought % ntfrel dlffercnt conclusiong 1Q/. According to

stua h&drogen perm:ublllty ;nd decgrburi-

: i hyorogen under hig prcséures and ot
nign temperatﬁ:es;‘uslﬁdfsteelq of d;frergnt cafbon content., Ve
,gave conclualvaly proven. vt carron had qulte a.conslaerable
influence upon decarburizetlon, and naﬁcly in that tie 1nc5eae-

1 carbbn content reduced the permaeability to hydrogen, and
P - Ardrogen,

also to a very great extent the decarburizatlon directly connecc-

sed with 2%, ‘
Wie have studlcd unalloyed stecls as well as a series of
corome alloy sieels wiih a chromium conien? between 0.5 and 63,
with a arboa conten:i of 0.15 ana 0.35%. e could confirm the
.séme‘effect of carbon upon the perneabllilty toAhydrogen and to

decarburization. The chrozlua content affects dscarburizeticn




4,contents; 1 lthz..t chrom~1ron mlxad carbldea are. formed. wl*h higher
'”carbon concentratlons, ana tnese carbldes are hyarogen realstnnt

© 1t may ba mentionsd that a steel ‘containing 0.50 to 0. 35ﬁ c and

. 1iko ateel‘with Q 1 p,b and‘about 655 Cr.

~suld Bebgratefui_to gr. Haumann for informlnyg ce

whether he has carried‘okt similar lnvgstlgdplons'wlth chron alloys

with a higher carbon content and what results ke has oblained.

the decarburl zation ‘ns-ae
»he prirary cryptullltes 16 stronger ulohg tne dondrltl axes than
ln the r;uc of primasy cryacullitcs. L6 Ine asc );Lon Jusillled
that the effect of plaosphorus hentloneclat tue end is to ke atfri-:

buted e nc eifwct of phogphoruz llguation upon the prl“*“' Ty

sfallltes?

Ve, ¥, KronEerIQ,:teg;lg
Uur GTh wOork Las. shown toat the cg;rbon ccnﬁenz of pure
to 770°C had an meértant influsnce ugon thﬁ cecar-
1 rate in a stream of hyurogen at 1 ata QréBSurc, and

wourlzation decreused in unau.temperavuro ran;e wiin in-

reasaling carcon content 27/. Lnls reeult lhas alreaday been proven

QZ/ ATch, nlsennut:ed ves., O appear sacrtly. .




cohcluélvely by W. 5Baﬁklohland'ﬂ. Guthmahn at prassures of .
~Thess relatlonsnips chanbe above 700° - It is unneceesary

“1to dlscuso uﬂése rasults here because taey will ahortly be publxshsd.fz

;;_AMAM;_;v__ 'F‘ K. Hau nnl Essen
I wowla like -to reply To mr. Korber that” similar phs-"

nomona nave beun observea in cold vorkea eamulea at LOO-450°>at
.whlcn no not*cenb _ cryatalll~at10n coula yet have taken pldce.
For 1nstancg, golq bandinb teucr of teel with 0.1} and 0.247% C ‘
ware. completel) dvygrour zed ln tua cola worLed uhrts after 10

heurs action of hyaro sen unaer 800 at" ‘pressure and 450° C, while

in the not worked leyc only a graln toundary attﬁck v;th.elight
jols}

decarbur;zationrof Zrain be nﬂariec céuld’be obs erved ' If these.
o foto Pl s3] ﬁo:e haated, nowevor, prior o thé hydrouen treatméhc at'
730-780° to recrystallize the:, tac aktuck was visible in the .
finely grained as well as in the coarse gratned recrystallized
zones anza wac ¢ gtronscr i the doforued parts. e might

that :sc'us;ormétldn 1g in itgols ﬁ'cause Zor
stronger dccarburlzgtion mutaer thon the recryﬁfdlli:utlon.
to remarx’ te wr. Guthzann's question that I have made teats
chroza allby ateels with dlfferent carbon concentrations, but unlixe
nio I Aavo Iouna uuu: wisa equal ciugole content tioe caroo"-rlcner'

alloys were leas hydrosen resistant than ths carboa-poorer.

(A later contributlon in writing)
i 4o not conslder it correot to make a fundamental assump=-

tion such toat The decarburizatlon does not Gepend on the diffusion




0308

‘ of hydroben tnrough ths 1ron, frc* e"uerlmental results feund

1n sucn a. narrow temperature vanve. Tne diffusion prOperty of
'hyaroben ls not an exponsntial function of byarogen as clulmed

' by i, Naumann.v'ihe effect df'transforMaulon of meual en. ths
di1ffusion properules of nyarOpen has been recobnized 28/, the.

 :oharacte“ ol ths tempsrature relatlonahiu o shydrogen permeabi-
'lity 18 identical with the decarburization o/, wltn the reduc-
tion of ;ron orss 29/ o“ the uesulfurlaacion of iron 30/ w‘th
hydrogen, av we have p"ovnn it here in our Inétltuﬁo, and the

relatlonshiy e weekmq;rrus;onﬂd‘,gaaeauaWagenzs,and—thsmactual‘

reaction can no longer be contradicted by results of experiments,
which in my .opinlon are on Loo pnarrsw a basis to angwer this

questlon {tgo swall & temperature intervall),

Naumann
h has covered a larger temperuture range in
Tat 2 Zuch narrower pregsure range. The

obJection to conclusions over tae eonnccilon botween hydro-
gen dlflusion ana ceCurour;gation valen sar. suakloh has mad
against ry conclusiocns, namely that tie voa8ls covered too narrow

.

a range, could tazrefore be glso nade %o g wOork,., - wost of the

28/ w. Bausloh and d. Mayser, L. e2talkeva, Vol. 27, 1935, pp. 285.

29/ W. Baukloh ana K. Froeaschza 1, Staal a. Lisen, Vol. 5%, 1934,
pp.'ils‘ilﬁ )

20/ . Bauxlon, wetsllwmirtsen., Vol. 15, 136, pp. 1193-1196.




;fSQ'; ,

tests or Mr. Baukloh and his co—workera were made at m
tures and relatively low pressurea vulle I prgﬁérred workihg 1n"
:tne rleld of higher prea sures ana louer temperdturea becaﬁse;bf'
the partlculnr 1ndustr1al 1mport;nce of that rleld.‘ Thls'fléld
appears to*mn noweve ' p.u't:" cularly nulte_d to. atucw the L;actlon
ot nyaroben because. at high temoeruturea the carbon qlffusién
becomes very ulbh anda even when purlfled hydroe n 19:uséu,

‘non-provable traces of steam»;mpgb;ty Uy affect the results.
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319  — ,,>>m,‘ ",f K-6
e ne‘c.ém%éi-s%%f“:‘i’SEg“”

THE EFFECT OF AuLOXING ADDIWION S O THE RﬂoISTAth
OF ‘TLLL TO HYDROGEN UHDLR HIGH PRHES 5SURE- -

: By F..ﬁ. Naumannq Kasgen |
o : : : N
Stahl und %igen, “Vol. os 1938, -
pp. 1239-120J

Addition of Carvide-Forming *et¢ln. Silicon,
Hickel, Copper. :
fec» of uarbldc—Foraers %with Conglaeradle
30lubility in Iron Carbide: Kanganece,
Caromiuwa, Tungsten, molybdenuam.
dydrogen Resistant Chromiun-itolybdenum 3teels.
Hrdrojen Avtuck and kdge Decary za%lon.
Scupdrlron Eetweeon Perweablility to-H o;en
. ond Hydrogen Resistance of Carbon, Chro-
C'Elda and Titarnlum sSteels. e
ffect of Other Carblée~Formers: Vanaulum,
Columb‘mv Tartalum, itanlum, Zirconlua
cna T B
n:ectlsn Zatwaoan the Hydregen lesistanca and

the Phass’ DLerau of the Alloys St udlhd.

- Highly cozpressed hydrogen, such as L8 uzed 1in She
nla synthesls and coal hydrugenatlzcn Qlanta, atltackpg unalloyed
gteele slrecauy at low Temperaturec. ne atltack by hydrogen 1s &
decarturizatlcn procees c¢larscterized by the formation of & Ges,
dethane wlilch 1is lncauable of dilfusion. 7Tho forzuitlic: oX meshane
“esuAta in Tensicns and crackg in the steel siructure, wicch will
cause a loss-in mechanical strength and particularly in cuctility.
The maniientations of the hydrogen attack as well as the effect of

pressure, vemperuiure and ilze have already been dlscusaed 1/

1/ Stasl und hlsen, Vol. 57, 1937, pp. 889~899.




_“Fhe pﬂesent report denls vtk - tesue ‘whioh vere 1ntended:
to develop steele by the adulylon of sultablc alloying elements,
“ogen' than the u unalloyed
bror that pu:poue systematicnlly Ths attack by hydroben conalsta
.in a dQCArburlzaalon, i.0. 1n deoompoaltlon of the carbldea,‘and‘
Lt seemsd uha» tha adaltlcn of such materlala vould be most aucoeas-
rul zhich rorﬂ zore stable carbides than irea. For that reason the

tecto wlt%}carblﬁe—rormlng elemonts wers particularly atressed.

Lxperins

The gludy wasa a..u'tad at \.he sugbasd.on or B St“auss in

1927 and carried oul in tiag laboratories of ths fira Freiderich
Krupp-A.-G. ln bsgen. Tiae apparatus wap the -gauze as degseribed in
the previous articls 3/. denslle strengfh pleces, Sz in Glaneter,
were prepared froa i givels studled and 10 x 58za cht »ieces for
notcked bar teating witu 2cu deep round noich, 2ma dlametzr, were
madc; and exposed to Ine actlon of hyarosen in high préQSure tube
of ausc%nltio.cnro:e—nlckcl sieel neated from ike ocutside. The
~hydrogen wasz nat purilled. Tue tests entended alvays over 100
Lieurs, Sike presaure used Uas usuali& <00 ata. ’

) The %est pleces were broken Aftn“ the test. The aitlacked
test éieces gnowed a blyg drop in ductility: however, evaluation

by the results of 1mpaot strength determinationa did not nppear

ag dependable as with the unalloyed steels, because in many steels

brittleness phanoczena appeared without attack by hydrogen sloply




| 0321 K-8

'_as a ‘r‘ef_a‘ultb; ofathe long hsating -timo. \{e have used uhsrefom
ialﬁays'thsv"eéuétion'in aféa'ac a _sasure of the behavio* of :
~eteelsf~_1n doubtfu1~casesva definito- 1ndioatlon of- dxtference»~«~'f%~f:>

was furnishsd by the appearance of the Iracture of- the notchad i
-bar aamples, plccea ‘which were attuoaed had a mat gray fracture,
the unatuached p*eces had a clear granular or rlbroua at*uoture
or ths Iracture.l with a atrong hydrcban attack motnane bllatcrs

: appearod on the curfuce. Furuncrmore_the corbon content ¥as
bdctarmlngd in the odge layer 1l«im thick and algo cross section
was proparad for the study of the stracture. iihenever hydrogen
wbuld'at:aék-the gaipio; A% would usually'e*tcna to the coenler
of the tcﬁf"ﬁibcdb,'and 9 ﬁcdﬁuréusuva vere mads of ths depth
of dgcarburx;aélon,Acxccpc for the spoclal:cnae of edge dccar-
burlhatlbn, It was inatead dotermined qualitu.lvely vhother any
¢Ifecel was obsorved and uador what conditicns of pressure end
tezperature L% would sta>s, ‘ )

The eI feot ol individual alloylng clemontu wac swudied by
ualng only simple alloyed s.eelu in the firat experiaenve. Tho
~agultlsg ars digcussed belot erranged by the alloylny clexenis or

groups ol alloying =a%als.
Effects cf Silicon, Hickel and Copper

The Lirst alloya studied were with addiltiona of clexents
not forming carbiaes, namely silicon, nickel and copper. The coa~
positlon of the alloys used ls sbown in Table'1; A translforzer
steel was used as a Irepresentative sllicon steel, a perlitic amd

austeni tic nickel gteel and a ccopper steel of the usual cozposision.

~~
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All steels wers attncked at'400° ‘like the‘unaildyed-b
.steei.' Tne arop 1r cuctlllty may bs plainlj geen between 050
and 100° ¢n/Flg. “W“hc-*tructure ot_xnaﬁaxtucxnd plecea appeara

'llke th&t of fne unallo\nd ate "Ths‘chanscs in structure of

'the purely ferritic sll n pteel and the austenitlc nlckal steel -

are wortny of noﬁlcg.(blus. ”"—&9 ¢nu 30~32 Plate 1)

-boundary cracks can b2 aaen 1ln toth. The decurbur atlon o7 slli-

con steel at Algh uarperadure manlfusna 1tself 1a the ai 8ppear-.

ance ol tne c"“b:do pzrt'nles scmttered*among the ferritl: grain,

and 1n the gushenitic a1 3iel a.pPl in forzuiion ol marcenzlte at
gfaln'bouniarlﬁs._ Taa .realst ue %o hydarogen an tharelore

: adclition of slllcon,'nLCKel and copper.

_of kansanege

The effect ol anganeco “aé dctefminéd 55 three aztecls
wiih 1. di':nd 1,50 bn and with a low carbon content {T.ble
2 ana Fig. 2). ‘the gieel witn 1.87 ;Anganese was already atiicked
at i00°, wad T.s toercfors net superior, or at least nct rarkedly
.guperlor than Wne unalleoyza ntecl. ¢n .the other Land the Lwo
hijher alloy ssecls sindwed improved reslstance. .

Unlike th .res studied clements, Danga-ese, Aotxa o stable
carblée n;3C with curion It-;s, nowever, rodv V0 be asaucq tlat
this ca~tide e:lets by iiself in ihe Zanganeae

agsume tha’ as a resust ol identiiy of structures the

-

naC and F220 ar2 o sarlderable extent mwultually solull.

3/ E. Houéremont, “iinfuet in dle Sonderstahixunde’




The reagon ror tne aomewhat 1mproved hydrogen reslatance of tho

manganese steels must be found 1n the nlgher resistanoe of theae

mixed carbldea.

Lffect of bhronL.

A series of steele with 0.1” c and lncreaalng ‘chromium

content from 1 - 55, ns woll ag a series of sieels with 3% Cr and
increaslng carbon conient from 0.1 - 0.7% were melted in 1nduction

furnaces of 50 ks capacitr. (Table 2).: All steels were annealed.

STASILITE o LANGATES, CITIOUIUN, TUNGSTCH all hOLYEodLId
: LEALJBT FIDHOGLH AT T00 ATl PRESSURL
: (100 HOUR 1m5T)

) . ;jablnnl% of
Treatzent “Attaok 2C .

Annealed . 350-100
Annealed 400-150
Annerled C A = S0Q

Annealed 200450
aAnneuled 450-500
Annealed o0 L/
Annealed 500 -600
Annealed - - 450--500
Anneanled 450-500
Anneinled 600
Annealed 600

liorz=:lized 450-500
Annealed 150--000
Norzzlized - D0C-LCO
Annealed 500U-600

0. 0.52 : .6 . Normalized 450-~500
Annealed UH0-600

‘ - ‘ Horamallzed 500-600

0.13 0. 0.52 l.22 Annealed - 500-600
0.17 0.40 1.82 Horamallized 500-600

c.12 Annealed S00-000

1/ E&ge cecarturization 0.1 =3 at 600°.
1!/ Eége Gecarburizzticn ol O, 05 32 a% 600°
X/ Ecge fecarturizeticn ¢f 0.C3 =m at 600
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Among the ateels wltn 0.1;6 C ‘ths Bteel w:l.th 1‘% Cr was
‘gtable up to 400° (b‘lb. 3), and therefore alreaoy behaven bette"'

_than an unalloyen meal. The stablllty ..ncreased to 450° with a

-steel containlng z,a Cz‘._ The steels with 3, 4 and 57. Cr were: no«.“‘ '
attached by hya. ogen even at €00° and showed onlv a slj.rrht edge
decarburlvatlon wi thout ony loea in dactlllty, whlch phouid no‘c
be conaldered une result of a hyd“csen attac:& -as wlll be 4ls-
cueeed 1atar. In the series or alloye mth 3% Cr and. :an eaeinb
carbon cox_.-em; the gteel with O.l% C was ntable tp To 600°¢C.

The steel with 0.327 ¢ was alread;r strongly att.acked at bCO°C

) but wae’ag yet urdaraged at 500°C., ~ihe atubllit was lowured to
’ 450"0_' in +le otecls contalning 0.5C and 0.67% C

.‘h hdrogrn resi.sgtance is sherefore conciderasl;” io-

roved by ;he ;déition o2 chromfux and réduced>by increastny car-
bon content witih the gaze amount of the alloying meial. uese
=~esults one An coopiete ayreedens zilh the regullc by J. 3.

w. w. de svegbnixofl and J. G, Tacwpson 4/ 1n their invesiigation

of eteela Zor ~muoOnia s,m&wslo. . P. Ingllﬂ anc. W. Andrevs ‘*/

ané others §/ iave found a sirong L"creaee in reslstan.a o hydro-
gen with increcolng chroasuz convent. Contradiciing thls are the
results by w. Zavklza and collaborators 7/. They stated “hit chro-

oium increnced decarburization reslistance only up %o & cer-wain D08t

4/ Techn, Pap. Bur. Ssand., Vol. 22, 1927, pp. 190-233.

5/ J. Iron Stecl Ingt., Vol. 128, 1933, pp 383-418.

&/ L. Jacque. ¢. R. Paris, Vol. 203, 193 pp. 956-938, .. J.
Serjent and T. H. sidalehan, Crans. bnem. bng. sorld Power
Cconf., Londcn, 1wd6, Vol. l, pp. 66-110.

72/ w. Bauxloa, W. ¥ .conewtels and H. Guthmann, Stahl und bisen,
Vol. 54, 1954, rp. 1334-1336; w. B. Gieaaere-, Vol. 22, 19395,
PP f»06~439 E.m&lon and H. Cuthmann, Archs. Elseniusienw,

Vol. 9, 1235/33, pp. 201-202. .




a

»Iavorab e n-oporulon oI thﬂ alloylng metal (about 0. 9p Cr) and

reduced 1% agein w*tn nibher adaltlons, ana tnat with lncreaelng
carbon conient the atabillt; of the chromlun steels lncreasa 8/.»

Aa a rasu.t EaukToh fatled to dlsoover nslthar ‘in the chromlum

'ateels nor in the Ouh“r anloys stualed by him any connectlon
between Ihs dsca?bu 1zatlon behavior and the phase dlavra. he-
does not ascribe decldin* lnrluence'upon_tne decarburizasion
stablilty o the’ atabllxty of the carbldes forned but to the per-
meabllity of. alloys by hydrogen.

1*11 -nveet-uate below whether any relatlonship exlsts

hydrogen realstance of . chromluu pteelp and thzir por-
J~cozponent systea, lron-chromlum-carbon. 130§
ho:::cntal ¢ross geotion at £0°C through the iron corner
syotem, according to w. Tefaute, C. Kuttnér’and A. Butl-
Trey mave found uhcre a pure alpha reblon and th:ec vari-
able areac <il cli:eréd in the foric of tlie carbldes present. In
the first area o§1y iron carblide 1ig présen:, wvhich dlsao* ;e6 in-
ereasiny casunzs Of chircniul ap the chromlium content 1ncr:1ﬁes;
N
chrocluz carbide Cr703 exists in ihe aecond area, in aucivlcn to
the irecn carblde, and it acls as a sclvent for the 1iron; Ln the
talsd area exisotz omly t.ae gpeclal carblde contalnlny iroa car-
bide. fhe alloys investi;ated have teen plotted in the dilagre
and w2 zay note up to whas temperature they are reslstant to nydr
gen under 3GU ata pressure. Consldsring ‘first the alloys wish 2.1%C,

8/ Bauxlés and H. Gutkmann, 2. wetallkde, Vol. 28, 1936, p.. J6-40.
aren. tlisgenmmitenw, Vol. ¥, 18935-36, pp. 607-617.
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‘we- may see uhat the eueels wlth 1,02 aﬁd l.ééﬁ'br qhdw a sllghf‘
;1mpro¥ement in thsﬂr hydroben atabillty, and ‘they atlll contaln
iron carbkide,. wnile tne most ‘8tsble steels wlth 3.11—4 95p Cr
:_are.alre uy in the krea of the speclal carblde, -or morg preclselj
whore tna iron carbide 1g disappearing, Ihs nabn stabzlity of
1loys with over 3% Cr is therefore doubtlesaly %c be aturlbuted
to the greo t ‘chesmical atnb*llty of the ohromium ccrbide, while ths
" gteady 1ncrcaee in the etablllty be ore tho formatlon of ihe opo-
o112l cerbide 1s to be oxplalned by the increasiny solution af

chroalum ‘An ths iron oarblda. Conversely, the lover siabil ty ol

bon—r1c4 alloys is oauaed by tho roappeararnce ¢l lron cuﬂn

blde in then; the chromiuz ocnient of which is dccrcaueu-wlth in-

- greaging carkon content. In contredictlon %o the results of ',
Baukxloh, tisre ic a clear connectlon between tlhie rwdrouen'd:abll-
1ty of chroziun otecls and tha carbido phases precent in the 3

component dlagran lron-carcnitm—ca.u,n.

nffogu of W 1g§xen ﬁnd x9YlybAaanun

@ eifecy ol uwgaucn and molybdenun war studliel on two
stecels with- né %o @ amd three gteels with 0.6, 1.2 and 1.€% xo
(Table 2). 2 ateels were tempercd in water; in addltica, one
gerles was always aancaled at 950° and slowly coolsd 1n T Iurnace
to overcome %th2 haraful influence of long heating upon thz notcheld
bar strength. Fig. 5 shows the connectlon betreer tThe requction of
area of tempered saples and the terperature of the test.

Ths steel #1th 1% ¥ was st1ll stable at 450° aﬁd was only

avtacked at 500°C, vehaving thus ekactly 1ike a steel with 2% Cr.




_The addltzon of 2% w 1
a aamoles bcnaved alihe.

‘/H v The annealed samp‘e wltn 0 6” Mo was, attacked. at 500°C
‘ nh_le ‘the tempereq vias yet undamabed at thls temgerature./ The

-two 8 eel with 1.2 and 3 WO ware stable at 500°G but both

were attacked a 600° olybuenum lmproves the hyuro ren reslcu—'

ance 51111 roxe tnun.tungsten. The cfrecn 1 ‘particularly greut

wlth'amall addl Lonhg.

ﬁuatef ana rolynconum aldo bclorvb %o the carbide form-
1n57¢1ementull Alsistructurc of tnﬂ lroh-vuﬂbuuon ~carbon and lron-
nolybdenuo-carvon ulloyg'aaa ﬁot yet- been fully explalneg,
may M2Quumo Lot ‘ '
"wr o

no gpec ul Gig : ot le ooa

iron cal
Joun

connectlon
OTCPJ‘AV’OH
¢: n.otdr 100 hours of

~itlon

Accordiny to the above, a €Ol blnation cor clhrroriun + mol

21@ furnish a parsicularly sultable basis for ine cogpoundling

vol. 24, 18936, pp. £15-224.




of hyo ogen re taht'steolé; uhe more 80 b t the chr me-molybde-
num steels _ ve a "ood hOo strnngth and would ba.- hest suited for

the Gspeciallj ct“enuous mscnanical requiremanto cf the nigh

presaure installztiona. She f*rm, Wried. Krupp A.-G., has rough*

“oul & egeries of hydrogen reéXBtgn uneclal' teels on thls alloy

and of these st sesla, thoge with 3 and 8% Cx have bsen wldély

uged for years in the chenilcal fndustry 11/;’.Figurss 6~10 ghkow the

grang fov.a uerleg of oh:omc7mo‘"binr AlO"'SQf,thlB

wisth ulloys containing %, 2, 3 and 6@ Cr ebout

:nt lf' 0.20~0.1585.  Added %o thin
eriaticnlly chang

. - . e
1Y Jor trat longia of hea

A ‘O",LO“'" )
1o GAIderont

L ramgee
[PPISORRPRIY SoBe

5 oy

DR 54 "N

atiack begina
ma-polybdlenun
et 200 nT3 and BOO°C

enda 6C0°C. Cniy the

1}/ M. Pier, Chen, Fa




i

attaohed amano ctecln'w‘ ’” br tn thlz renge and only at 300
.atn pressure and 700° C ‘while the chrbon-noorer steels were

entlrely unattacked. Steel wAth 6% Cr wos not. at all,attacked.

the edge dccarerﬂ. ;i Bha stee_sﬂstarts already 2t
tnRogphsric prescure, in Sae 'wnalloyed eteel at 6850°, in steel

with 1, and 27 C» at 720°C aad with o stesl at 35 Gr at 750°C, and

suoburinatlan bessns & sramia low ;péraﬁurcé.
wi%n incroazsing chrcaiun
‘eeatent o o mueh gzbor ox thon b ros? . cage dscer-
4c:tzriwva of cux Vnu,;nv.ibs.
fa regult of entirely
Iferent condltlong than the edge decnrbmy zation, in particulsa

hrdarogen ;¢-ssure

2 decarburizaiion progresses
411y with 1ncreasln5 Temperasure and incre:

preszure as shown in Pigs. 13 and 14 for the two steels with 3% Cr.

k3 curves are fundasentally cifferent than for the hydrozen
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_ Thé"followiﬁ‘ decarburl.“.tlon tea® s perm:L*ted dra'ving _
ths same concluslon.' two nquare rods with 10mm eugo from unalloyed
stael»w th O.ll% C and the 3% chrome-molybdenum ste»l wltb O.IOp C
wer'eb'heate;i f’oi:" _OO nours in h.ydroren at at o.,pn »Le pres u’e %o |
 250°C, wita the hydrogen in one case carefully puu"ifled and dried,
and‘in the other one nassod thro""n a. tube wita water at 80°C: The
tes?t p*_e;c'oi‘ un:'.-lloycd, cteel was dgcarburlzed' gg_the center in.

molat hydrogen and the test nlece from the caromé-molybdenum steel

it

was pleuel" d;c«rbuvl 33 3o a depth of 1.Z2an, while the pleces

‘-‘u

‘neated in &ry lydérogen b ; accurburization extending only 0.07
. o) show sectlons of the

waples decurburized in

ton of fine oxides in the

strucLurc

¢l.iaination

fermation during

difsusion, noTel




‘wlthfthié;cohceptlbn, »he 11m1t1ng condltions unuer K ‘
lh}drogen attack cealns, d thv broken lines the condlt*ons ln
which ne oxy sen decarbu"1aatlon or alffuslon stbrts 1n.: The . -

Lcourse of uh~ bro len. curves could naturally not be determ. :
exoerlmentqlly w-th tha una oyed gteel, because the eabe decar—
;buriZation o be eﬁpectea ‘at higher temperatures is covered up in
the rebion of hihnﬂr pl'egcures by the éttack witn hydrogen _énd
‘was Arawn gpproximately parallel to the other brc on llne from
the few known uO’nts at atro 'nerlc oressure. |

| g very dlfrlcult acuorulnb 0 experience,- tu remove

the lnct molature fAcm nyargden, nd one ugt u*uayu

vcéunt on - Leations ”;om axygcn in cng decaru'WLZavlon
testg Wit

zation procecs purcly o Jtilcally

action of ifydrcgen and. of <ciygen.

zation Csls wath filings are o be Treated with cure.

srpble b3 uce coupact tert pleces walCa canl Lo inv

graphically or, ketter still, mechanlcally..

of chroup-molybdenun steele, occarlonally
loying elegen:s wgich lzprove i seckani-
mceting the demands of aiffercnsy hydro-
the structural materlael of the conlalaers.
nuicned, in addition, that taeee siecls possess an
increas2d refilstance ziainst the sulfur-cqntainlng olls
hydrogen sulfice produced from the coal.” In special cases,

aze avallable high ailey steels o’ the non-rucitin

.

tant Xind. Thus, e.g. an austenitic chroue-nicxs




Vgrentest creep st“engub can ‘be usedlfo” reaotors in the ammonla
svnthesls by thv aude methoa where bouh maohanlcal and cnumlcal

-s»ralne are particularly stron

rfﬂvdrogéb'uxfquLQn'Te

it hag already been mentlonea, that the_oplnloh_naﬁ;beén

.expresseu tnat ‘the capqolty of reglstunce of 1ron ulloyﬂ main
-hycreben decarburlzation was deterimined by the dewree of their’
-nydregon permeabllity.' It has already bnen ntated that uhlﬂ does

—————n0% 200 sly~to-gpll the circialun StQEIn.‘ Tnaﬂe connections wers mere
© fully eclarified by preparing a series of unalioye and chrone

alloyed cteels of a compssition shown in Table 3 and us

in aiffusion tests
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A 1 w‘ailoy‘titanlum éteel'which shodld-héve béenlexpe

to have the same permeabi;*ty as the unalloyed ateel was édded to
that seri 8, but 1t had, as subaeouently founu, a nlbh hyurogen
-resistange,_pgrm;tti the stuuy of permeablllty of arn Lnallcy d

S &

.steel at higher temperaturES'ana pressures,-than LhOue at which

unalloyed steels would be sultable as a result of the atlack with
.nydroben, 7 » ‘ . . .
» cut; arrangersat .wos ds shbw:
small plate of cﬁe'ﬁafer .l.tested, orlglnally 20 .
~welded into a ju2e of non-rusting ucwl cut into
‘weldlng, the o , wat treated (o unalloyed steel
orunllzea, the ot c-wmolybdonun

sTtcels

s,
248

couple inire-

in L/ of

r3ion of rydrce-

.0 evacun.tra slie was evacu
Lug was colliecsed, meusured and ansly=zed, 13 e¢rder to te
gure %0 consict of nosnlng but hyerygen, and not I%WU"es causes
by ieaks or Ly Gzcarburination reactlons.

rated after tnz cluslon of eaci. serles of




-1

measured and studied metallographlcally.' The gmall vaflatlons-

1n the wall th&ckness ann area ve e takon lnto conslderation durln

the recalculation to s/cmz' h.

and also for 1, OOO atn fo" the. unalloyed eteel wltn 0. lOp «, in
relatlonshlo to the temoeratu.e. The logarlthms or the amount of .

hydrogen ‘diffuced were plotted agalnst the reciprocals of *he absO-

lute tempsrature. The exponentlal tempenature relutionnhla of

dlrrusion 13/ ghoula in this case be. expreased ln stralgh* 1‘nes.
Such was" actually *La case; only” at lower temperatures, below 2009CF

-

lowerYValueg were o.cuslonally found than co*reupcndpd to the atraight

lines. Flg.. 17 bives the va alues founa ro- unal&o“ea gteel and for

the tltanium steel in relaulonsnip to the hydrpgen pressuro. Tne-

amount &iffused increcces linsarly ith the square root cil the
pressure, which agpiiés zlso, in contradzctlon'to the regulte- of
V. Baukloh and H. Gutimern 8/, to pressure in excess of 170 ato.
The only deviailon Ircu the ) p consists in thal the iines &0 not
pass through the O poini. G. Boruliusllg/ has,rhcwe
glmilar deviatlons ot lower tezberatures.

F1o. 50 shows. the® Sne hyarogen peraecabllity dscreases wih
increasinsg Chrcaiul c2atens; the reduztlon in the permeabillly ls
not, however, in any "oy related to tas increasce in stabliiitly caused

Z.5. the unalloyed steel wlth 3.1% 5 undex

300 ata pressure at the llalt of 1ts stability of 360° peraits - ol
; P P

i ———err it e Lt

13/ G. Borelius and S. Lindolom Ann. Phys., Vol. €2, 1907, pp. 201~
226; G. Borelius, Ann. Phys., Vol. 83, 1927, pp. 121-136; G.
Borelius, xetaliwirisch, Vol. 8, 1049, EDPs ios-108.




“of hyuro z3n to puss throubn e unit surface/naur.’.Théfsama amouhf

'diffuues througn steel with 1 15 Cr at 350° and through uteel Wlth
Cr at 410 ;-yet the flrst steel, with 1ﬂ Cr, is reslstant to
hydroben ‘to 560° and tne one with 3p to 700° To put it differ—
ently: e1 1un lb Cr et 550°';§ s»lll registdnt to nydiogen;d‘
althougq it transmlts more uhan »nree times the amountvtfansm;tted
by the unalloyed steel, and the éteel with 3% at 7o,°cﬁls' 83111 -
reslstant altnough 1t eready tr&nsnlts five tlmes ths amouht of
hydrogen‘transmlttod'by the gn;lloyeu_a;eel at -the liwlt of 1ts
atabiiity. The perieabllity %o hyafégen of tine uralloyed steel
13 reauced witlh iancreasing carbcn.céntent (Fig.'17, 300° curve)
‘without raising 1TAstabllity as aas been gnown rreviously 1/
Unalléycd ateel wlpu 0.644% € aas about Tue -same ycrmeab*l Y as
the 3,» circume-zolybdenw: cicex, una yes tﬁe latter 1is ;lat¢e about
#00°C, while tio former 13 alveady attucked &t 200°
titaniwn steel nas a higi. perme-
ruwimopen as whe
carbon content, ds Juxtuapesition
she nydrogeh reslaﬁance of sgteelg does

»ility to hydropyen but on tae atabilic

Lff20% of Vanucélum

1%t muss scerefor:s spypear proalsing to add eleients ol
steel waicu fora even in low conceniratlons more ssable ap2cis
arbidec tran the carbide-foruers Giscusseu-ne-etofore. sach ie

the case witii vanudiuz and $itanlud. Tests with ciroue-vanadiun




Vanlck,

1horovement in hydroren weslatanoe by the IX

vgﬁadlum_A, thelr tssts with chroro-vanudium steels. T

rhen ceontent fere_cWangeé‘sy E“t;cnllj Thﬁ’compoalt“oﬁ cf tbe
ﬁg cautlan in the sre fu:nac ) ars ghewn

ware nor""l'"aa and testeu aefter s

e

Ln....,...: wia

{Tenie constc,




: : . / : LT Beginning of
&0 - gsy - AMn 4 . ZIreatment _Attack 'C '

Normalized 600
‘Tempered —: - 7600

Nbrmalized  »600
- Tempered 7600
- Normalized 400-500
Tempered 400450
Norualized 7600
Tempered 7600
Norzallzea  400-5C0
Temperod 400-450

Noraslized 100-500
. Tempered 400-45Q

P

: Normplized >600.
Tempared >&600

$.37 | 3.5 Untreated  400-500
0.0y Untreated 2600
0.94 . . Untreated 350--100
1.70 Untreated _ 7600
the pteel with G.2¢% V was
stable at 100°C and nas attac: : CPuz steel with
0.52% V bahaved o
dications of atlze 2 annealed stato ot 500°C still, bul was
stable in the texpered atate at 6C0°C. Tho ateels witn G.78, U.7T2
anda 0.9+ V, as w2ll as steels wita C.05k C and O._é»t’:;a Y are stable
up to 600°C even 1n the annealed state. Of the gteels witn 0.20% C,
the cne with 0.79%% V was already atiacked at 450", while the steel
with 1.52% V remalned stable even at 600°. In the serles with

0.30% C, %she two steels with 0.60 and 1.52% V were already attacked




at 45o°-‘g ateel thn 1. 82% v remained however, unattaoked
even at 600°

It 18 thsrefore characterietlc of tha behavior or vana-:»
d*um ateels, that - the stabillty does ‘not riac unirormly ln tha .
‘beginning, as 1t -does with chromium, tunssten‘and molybdenum _ 7
éieels,bbutlincheasea suddenly only wiTh & cortali amount dfrthsl
alloying me ta.l;' This vanadium content is. about 0:60% V with a
C content of 0.10ﬂ, batween 0. 79. V and 1,522 V. ror 0 ZOp C, and
betwoen 1.52% and 1,825 V for 0.30% G, 1.0. 1t increasos with
lncfcﬁalﬁg cerbon content in a cortain defin;tc :elat;ona?ip with

it.

Suck betavior of vanadius steels is explained by its

strucfu:a. .According 30 E. Mourer 14/, vonodiua formg a gpeclal
carbldo in gtccl, V403, Accordlng tc H., Hougardy 15/ this carbide
in forzed lznedlately in tho cueol without prsvlcus golutlon of
vanadium in the iron carbide, go that vanadium uteela contain at
firae bé:a pure carbl@es FoaC dn@ VeC3 lde by aide, until tha
vanadium éoncent 1s high encugh toicombine with ail the carbon.
Such 1s the case wacn ViC (% by welght) are in a proporticn of
S5.7:1. ut&“lc containing more van“dlum than 5.7 tiases .he carbon
content c:nslau eccceraln LY at rooa texperature only of glpha iron
and of vanzdium carblcae. Toe hydrogen gtabllity of an alloy inm
whlch %70 cartidesg arc present will kave the 8tabllity of tie
leas? stzble cerblde, which 2s the iron oarbide according %o Hou-

gardy, and the stability will not increase until the iron carblde

14/ Stahl wn& Eisen, Vol. 45, 1925, pp. 1629-1632.
15/ Axch. Eigenhuttenw. Vol. 4, 1930/31, pp. 497-503.




" haa dl abbeared. thadlum steels *n whlch the prooortﬂon V-C<:5
can tnerefore not re 1st hJarogen c.ny betce“ uh¢n unalloyea eteel
wauh the corresoonnlno sma*l carbon contant . -thu_onner hand,
stable
staDillty alloys wnere the V u:>5. A
Lnls 1s 41m05¢ ex actl n 'f  .hnppéh'ds enéwﬁ in a

“comperison of e: oeriment l»r»sultb witn ViU valueés -in able &,

-0nly the_steel m;ﬂn G.10 Tp uaa,O.ugﬁ vV, whicn is dl@sé to the

ilm;ﬁino' 1,9:,f5r??,93 exceptlon, because 1t stlllqis atiacked

by 5$¢roben in vue annculea stgte.  Hcf ;b‘eﬁeﬁ the unétubie stéelé ’

have'quite‘as ycorly'as tne unulloyec stceis, but ure alwayé ‘

.Gtaole to wituln & semgerature of bo°_n.bner than the laub we
cay uoncluae tﬂcrg‘oru oS o 507 uanre rcealns o nllbnt "olub111ty of
vanaaiwl in iron. ca"olae. in ubreemeﬁt:wlzn tals, the pnase dlao-
praa of tne lrcp-vanaalum-cqrbon'syszgp couutructe& bﬁ.n; Vogal

wartin 18/ ana e Oya 17/ suoaws a raglon of coexlstence of
“iron + Fe 3C.

R.Awever; A. ii0Te and n, zgpers 18/ show nd Toas the lizlts
of ihis rcgioh were lcwer than uiven'by Veogel and swartin. das tects
deseribed above seenl 0 indicate tnubt the value 0 0.2 te O.U, V‘
piven by wever, Rose and .l ¢ 3til! hy i, houdremont,
o zénnsk ana i Tk 3/ showed that on annecrling teryered

steels wisa G.lps V To H0U and 700°C thne nardness Crop beciae slower

whlch was a recult of tae sepuratlon of vanaalum carblde. Fig.

Vol. 4, 1u30/31, pp. #57-495.

onoau Univ., Vol. 19, 1lud0, pp. 351-364 and $i9-172.
A.=%Wilh-Inst. risenf, Vol. 18, 1836, pp. 239=-216.
~cn. kisenhuttenw, Vol. 6, 1952/53, Ep. Bf-o&.




”corner of the phase diabram of ths 5. stem 1ron—vanad1um—caroon,’“
:where the. bounaary of tins al pha iron + r-‘e-_gc ls assumed to be with
0.10% V. .It shove 3hat a | um G tee Tug=—— -
Cing the. stee 1 with 0.10% and O. 59p v are in tne area of alnha tron +
>:egc + VaCa and all tha atable steels 11 »h~ : ea alX pha iron + V.C;._
Ths -differ nn behavior of the uwo ‘carbldes can be derlnltely
bprovcn ln uhs st*ucuurc of th e annehlea samolea. 2he unstable steele
”oontain iren carblde ln the . form of perll e, slde by slde wlth the
' | . Plate 3).  The perllte
disappears céﬁplotely when heating A rogen, wille the vanadium
arbide remains (Fis. 43). on the 3. hand, the atructure of the

atable steels ls Iree Trom perllite (FXL =omn unshanged

after Leatin} in hydrogen (Fig. -14).

\

.vOnc_tay expect Tial the elezcnls Cb and Ta, wilch are
closely rcla~ei {0 vanaaluad benave 3121 larly to the latter.  To
prove thiu, two sa*vlea each of bb and Ta steels of the coxzposition
shown in Table 4 have been prepared. The alloys were wmade of such
a ccoposition thal a’auu¢nb the existence cf the carblaes CbC'and
TaC, one of the atenls would be in tae area of iron carblue + tna
spcoilal carbide anc the other in %the area with the pure special
carblde‘(Cb:CJgﬁ'and Ta:CN15). . The. saples were not hea. »rea»ed

The ste2l wita 0.40% Cb was agaln atable up to 400°C (Fig.
£1), the steel with 0.84% Ta was only stable up to -350°C like an

unallojed-steel. The tantalun doesn't seea %o dissolve at all in .
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'the iron carbide. The highly alloyea ateels were: both attackad

;at‘600°0 The struoture (Flbs. 45-18; ute 3) snowe the lowe* 
steels to contdln the ageclal carbiaes as well as perlite which 18
elimlnated by uhe autlon of hydroben, vhile the h‘sher alloyed con-
taln only the res‘ tant speclal carbldes The conaitiona are hereﬂv

Lfore exaotlyvtne same_aa with VQnadlum;;but.coiumﬁium and‘taﬁ§A1uh |
have nigneb’atomlc’ﬁc shte and'requlﬁe_cofrespondingly.higﬁer adai-

" tlons to coumbine with the carbon,

 nffect of Titanium, Zirconium an

'Tifanluﬁ and tne two o1ements closely related to 1v, zir-
ICGniué and tnorium, are also -strong, éarblde—formers. Titanltam
‘steels nave been apaln 1nvestigated. Table & gives the composition’
'or_tne s:eel; uudied (“5 nggast;duéy;- Théy are a:rqnged in
four seriecs with o.l, 0.2, 0.1 andid.sp C. The welts were in geheral
Cage with nlumino-tuerially requécd ferro-titaniuc and for that -
reagon contalned gous aluainua,. Oﬁly the s:éel with Q.lOp C and
0.50% Ty were aade with purse titnhlugmctnl and 1s therefore aluzi-
nuas frcé. All steels, excepting taos? with O;B% C whica wag gofd
annealed, were tested in the forged ccnaltlon; éoue of the steels

% C (Tuble '5) nave been teupered.

Table 5 and Fi,. 22 show that steels with 0.1% C and 0.1l
ana 0.~bp xi ure only stable %o #00°, walle with O.424 and over of
titanium are stable to above 600°, wunlch refers %o the untrea:ea
as well as.the'temperea saisples. witn gteels with 0 20% C tne
sudéen change in atabllity occurred between 0.61 and 1.04» Ti, with

0.35» C above 1.09% T1 ana wita 0.80% C only betwsen 1.59 and 3.703%
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Tofaute and Al Buttinghaus 20/ have prenared a phase dlagram
of the lron-tltanlum,oarbon alloya, and a. compurlson of ths
behavlor of the ateels and thelir position in the phase diagram

showa agaln,mxhat“all steels are unetable 1n'

‘bide stillmcontains lron*carblde .and a11 those conslstln5 of
only alpha 1ron and tltanium oarblde are atable.‘ The courae of
the boundary line between the two areas co*responds approximately

‘to the relatlone hlp Tl' & 1, and we may sey thav the %itanlum

steel, wken 1% 6bntains morebthan rour'tlmea as much titenium as’

5

carbon is hydrogen registant. -
—_ - The sectlon abaln shows the attack upon perlite in ;gé
uns»bb e pteels and its dlsappearance (Flrs. -9-55,}Plate ),
while th° finer dlapf‘rse'l titaniun carblde remains.

The procesces hdve also been followed up analy’lcally by
taking very fine nillllng filings from aeverul steels anéd healiing
theu for 100 hours in hyérogen under 3CO atm pressure at SC0 and
600°C. The ;111ng vere an&lcha before and after the test (Table

6). Fig. 24 shows that ‘&1l the carkon precent as Fe;C in elim*-
nated by hyérogen, whlle the carboii in co:bina»lon wiih .ltaniun
1s quantitively retained. '

Pure powdered titanlum carblde was algo found o be com-

~ pletely u fected by hyarogen when heated for 1C0 hours at 600°C
under a pressure of 300 atm. The initlal carbon content was

17.8%, and after 1C0 hours deatiny 1% was 18. 3%.

29/ Techn. Mitt., Krupp Forach.-Ber., 1938 pp. 67-78.




Table 6

RLSULTS or DLLARBUBIZATION T 388 N TH TITANIUM STLLL
ILINGS (100 HOURS HEATED IN HYDROGEN
UNDER 300 ATM PRLSSUAL)

500°;

W,

10,12 . 0.11 0.03 G.03
0.09 ©  0.42 : . 0.09 - 0.09
0.22  0.33 : 0.10- 0.11.
0.16  0.81 - ' 0.16 - 0.16
G.42 - 0.50 0.3 " 0.13
0.35  1.05 Co 0.25 0.25
0.22 2.10 - 0.33 0.35
1.05 . 0.92 o 0.24 ... .0.24
0.80 1.89 '0.39 . . 0.40
0.80 3.70 . 0.80  0.80°

The effect of zlrconlum vas studled on four stee.s con-

?

taining about 0.10% U, and 1A adaislon a single thorlua seel vag
tested, hlloyed ina wéy to make 1¢ presumably hydrogen r:aistant
(Table 5, Fig. 25). The samples were not heat traated. 3oth zir-
conlum'steels 71th 0,36 and'o.42% Z> were attacised at temgeraturén
_above 400°, wh“1° the stzels with 1.37 and ~.asﬁ ere stadle at
800°C and the~sa¢e was t"ua of the th~r1um ateel The sulden
change in stablllty,or the zirconiun steels must ;ave cerresponded
to the ccopositlon of the carblde ur C with the prouortlon of ZIr:C
of about 7.6; 1% actually kas been found*to’bg in %he intzrval

between £.2 and 10.5.

Sumapry

Fig. 26 shows the brief sumaary of ithe principal resul®

of the werk. Elements not forming carbides, - silicon, nickel and
ton




.oonper - have no effecu upon: uhe hyu“oben stability. manganeegj
 rorms no sneclal Carbide in steel but *a alasolved by the iron
carbide to an anpreciable extent buu affects tbe stability but:_
W311ttle., Ghr um, tunbsten and molybdenum produce a strong andib
prosressive 1ncrease in the hydrogen atability. These elements
‘d1szolve ot £irst as readlly as ‘the lron carblde, and thelr action -
unquestionadbly depends unon a stabllization of the iron. carblues,}
In case of thu chromium ateel tnere is a further Anown continuous

increase thn Su»ol11tv arter o certgln ohromlum contenc is

reached which eezenas‘on the carbon content. It has been phown

‘that thls phsqcmenon lg connected witn the fofnztlon of the gpe-
clal Carblde,(cr,F9)7C3; or more predlsely with the dlgapicarance
of the iroa carbide (Fe br)gb Dccarburlzﬁtioné (edge deugrburlf
zation) could :till be obszrved in the range of ihe'hydrqaen stable
chroélum steeln w ‘11ﬂ the chro luc carbide range, but they are
haroless, Decause tnsﬂductgl$ty o the ralterial is not gf“c.aa by
Thic edge dedarburizat;on @ii;ht be explalned as an effect of
ths wave r Von“s y‘esent in hjdrobﬂn. » ‘ »
Vanadiuz, titaniwz, zirconiun and coluabiua cause‘at firstr
a sllgAz increase ln tae ny&rouen'etabillty, but 4o net show any
furiher 1my‘c7c:cnua end are ln this “aspect excelled by tungsien
and molycienud., UOnly after the adaltlons exceed a certalin amount
&epenéing on sie carben content, ao thesg elexzents proGuce a sudden
and extraorainarily great reslstance %o the hydrogen stability. A
comparison with lhe pbasé dlagram‘pefmitted the following explana-
tion. 1The original increase in stabllity must be atiributed to a

golution of the elements in the iron carbide. The solubllity 1s,

e




'ver, very slight and even 1f the apeciric effeot of ths
i additlves ‘upon the etabllity f ths ‘iron carblde 15 evidently
”largo, no imoortant 1morovement in the utability could be found
'1n thls area. When ths alloylng metal oontent 1is stlll further
inoreased and axoaeds the solubillty limlta of ths lron carblds .
for the alloylns elomauts, the. speclal cerbldes of thase elements
saturated with 1ron»carb1de were fo formed." __The hydrogen Bb&bl11ty
of the atnela deoends on the stabllity of the 1east stablu car-
bide, in th_s case the iron carbids, ‘and aa’ a resqlt no further -
' 1Mprovemenﬁ 18 obtalned in this range with a quantttative increase
1n the amounts or the gpeoclal carbldes. -Only after 1ron carbide
 nau oompletely dlsappsared, and only the carbide of the addition

retals 1g present, is ths stabllity suddenly increassd because the

carbidee'of those eclemsenis core very gtable and. Lvart extraordinar-

113 high reslstance.

A conn'dn*ntlon of thasce ‘elationsh*ps nﬂrmlt thﬁ p«nduo-
tion of hydrogen "eslstant caterials wltn th~se alloylng oleuents.
The amount of addltlons‘nay ray bo relaQLVGly exzall, and the szmaller,
thsllower the qtomib.wglght of ths corresponding element. E.g.
Btcels thn 0.2% C and with C.5%'Tl'or 0.6% V are m&re gtable than
‘a steel 7ith 35 Cr and tae game .amount of carbon, anc is 2ven more
atable wien u&»inﬁ in%o uonaiderauion the edige uecarburl ation of
the chromlum gsecls than the 5% chrome stecl. .1% must, nsuever, ‘be
noticed that tae agplicao;lity of thege alloys, c.g. in the pro-
.duc.ion of liquid fuels, 18 linlited by their not producing an ln-
creased reslatance to hydrogen sulfide, slmilar to 1t of the




'.ohpohe’élloy steels, and théy

‘of thick walledyforged pleces. :

‘ o vould 1like . figat of all to warn dbalnst the statement
._that methane 1J not capable of Qlffuslnb through 1ron. The fact“
V-Fthat the ferriu c eage ZOnes appear ln the dacarburizatlon of steel

is.a proof th&u ths buseous proauct of the reactlon, ln tnls ceage
fmgthane, can alffuse uhrougn ths 1ron layer. he entific formu—

lation of mr.»'aumann‘a ”“atement shoulu te that methane Cannou_
a1ffuse througﬂ the 1ron lattice, whlcn is in acreement with the
~general qonceﬁtion “of the diffusion prOperties of gas throusn

metals.

~Tns fecarbgrl:étion of the edge zone with hydrogah-me;hane
mixtures would be explained by the equllib?luﬂ dlegrﬁm of carbon-
hyarogen-iron, which would lead us to0 fer af 1e1d A
' noreover, tneve GOCQrbur zation witn thas hydrogen>treac4

ment of asteel. aces not oceur only rhnn the hydrogen con\a'ns a'
certain amount of water vapors, acc,orcunU %o our experimental re-

sults. moreovnr, thls could be derived frou the fact that'we gre
dealing 1n this case with a neteroLenoua reactlon in which the
dirfusion abill tj of some of the reac»lnb substanceg has, ln mcst
cases, a deciding influence upon the total course of %the reaction.
syself and my collaborators nave been able to observe a visible

edge decarburliaticn witn aydrogen most carefully freed from water.




':The effect of carbon upon the nate of ueoarburization oan be seen
' in Fig. 57 8/, wmcn shows that at voo°c the- decarbumzanon :.s '

Aredu ed with 1noreasing carbon content \while conditlons are’ re- ’

‘versed at’ 900 and 1, 00
burlzatlon 1noreaees wlth lncreaslng Oarbon content. To find an
 'exp1anat1on for- thls, we - have to make certaln that we are deallns
‘ln thls cass’ wlth a heterobenoua reactlon as has already baen
';explalned.. We -have - hers two Opposlnb prooeasea. (1) tha.abllxty
jto remove oarbon by hydrogen and (2) the reverse ab;lity Qf'éarg
bon to ruturn o th° edge 1ayers of the. steel. If'tns rass of -
the remOVal of carbon by hydrogen is breater than the returh ve-
locity of carbon to the eage layers,. ferrltlc edbe 1ayere will
always De . obgserved. - when, hovever, the relatlonshlp is: rcversed
"the aecarburiugti;;m;;oceeds un*formly over’ the whole cro*s'eec- e
tion. Th° flrst case is prezerentlally tho proceuc of dec;rburi-
zation at “ela.ive1y low teaoperatures and hlsn‘preeeures, nhlle
the second phenocenon can be observed calefly during dacazouri—
zgtlions at hlgnrtemperatures. The mcre procise data are t2alng
publlshed in a work by W. Bgukloh and B. Knapp.,

Thase two mani‘estatlona of decarburization must naturally
affect the ratve of decarburizatlon, and the reaults of the tests
‘shown 1in Flg. o7 muat be explained in their light. The rite of
migratlon of carbon is still small at 700°C in co*parlson with the
posslblllty of removal of carbon by ‘hydrogen. The rate oI éecar-
burizatlon 1s therefore lergely determlned by the poaslbility or
supplying hydrogen to_the decarburization zone or of removing me-
thane froa the decarburization zone to the outside. W. Baukloh




and H. buthmann 8/ bave snown that tha alfruslon rate of hyarogen -

: ls rfducea wlth 1ncreasin5 oarbon oontent of eteels, as has also
" been conflrmea by mr. Naumann. 1hls dlfruslon-interferlnb effect
tnerefore of - deciuin 1mportanca ‘or the couree of the reaction ;x
,and uherefor “the reason for the ehape of ths decarburlzation curve
_for 700°C 1n Flg. 57. On the other hand the rate ‘of mlaration of
-carbOn at 900 and 1,000°C 18 already - 80 large that tne carbon- sup—l
plled from the surf ce of the test u*ece of steel Oan at any moment
be redinsolved in in ner parts'of the steel sample;' Under‘such con—
‘ditions the transfo"matlon bJ the carbon and hydroben ls only ob- ;
servable on the surf\ve of the steel‘test plece, dnd the c 1ffuslonv
.abillty:of the b&aeous products of rea ctlon play practicaily no
‘.4rola. {he reactlon veloclty 1s ncw qetermlned,cnly by the concen-
| tratlion oi the naarogcn ang the carbon, 1.8, At mubt beco*n la‘ber
wltb'ihcfeasln- carbon content as wry bevseen in Fig. 57. Thes
condltions are not cnly for pure iron-carbon alIOJa but fcr th,
alloyed steels as well, us shown 1n Fiy. 88,
I wouild like %o refute here ajsta;ement by r. Il .uannn
taat contrarj <o @y opinion no relétlonsnlp exlsis Between the
rate of deéarburlzatldﬁ and tue rate of aiffusion of the reaction
-compohent'ﬂarticlpacinu Ln tie dec#rburizatlon. qulte. as.de from
the fact thut <hlg relat;onahip can no longer be doubted soday
from the pictwre of the nechanlsn 6fvh9terouenoua reactlons, Al
Naumann ia tryLng ta deny the lmportance of these tests in which
”he ulloys carbide-formsrs to convert the carbon into a more. stable
form, which reduces. the possibll;ty of tne reactlon betwe=n hydro=-
gen and carbon to such an extent, Js to‘rorce them into the back-~

ground right from the start.
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N. I. Zelenin and N. N. K‘éshéieva-"“ -

Anhydrous aluminnm chloride began to play an inporta.nt role j.n the chemical
mdustry during recent years. ke are perfectly aware of the -importance of aluminum
- chloride for the chemical engineering problems. It is a universal ‘agent, by means
of which a great number of reactions.can be catalyzed. It is principally used in-
oroanlc chemstry for producing various:kinds of syntheses. :

" 0f special interest is the well—knom propert.y of alnm.i.uum chloride to
dissociate hydrocarbons at mdiuxa temparatures (up to 300° C.). nsing the usual
crack..ng nethods. » ] -

— " Cracking with alu::mun chloride is diotim'uished by a g;rea‘oer yield of
bsnzine, whatever the cracking process applied. ) Tbe benzine produced in ite presence
is completely stable and suitable for consumption as fini.bed product. without
additional working yp and cleaning. - B
Alurinum chloride desulfurizes also the cracked oil.  Thus{th ,pm.cess,,is '
- considerably simplified: the charge is cracked, stabilized and wlfuized, all
at the same time. : . ' S .

. ‘Vihen we are using aluz::inum chloride as a cracking agent, wo may expect that
c.ll these properties may yield more or less satisfactory results also in the processmg
£ shale tar.

Shale tar is a product. of the cecox:zposit.ion of oil shales. The tars contain
% large amount of unsaturated compounds, and when they are subjected to .some kird
of further thcrmal processing, they may in an emergency give more or less satisfactorily
ssrketable 1ight fractions. All the residua, with the exception of the gas prcdaced.
zrc waste p-oducts. ‘which can be used onl; st the plzce of production.

#ith aluminum chloride, however, we may not only expect benzine to be pro-
duced but 2lso an irprovement in the working-up of the entire stock.

¥e do not under?t?nd exactly the mechanism of the acticn of Al c13. Cn the
basis of the literature we nmay apsume that cracking with alumii.om chlofide
represents an intricate complex of reactions, characterized by the most uavergent
tendenciey. " The ultimate course of the various reactions depends obviously to a
large extent upon the quantity of Al Cl3 present and on the nature of the charging
3tock. . .

. The role played by the stock determines from the very beginning what basic
reactions will take placc. The main types of reactions are: (1) 1somer1zouion.
{2 pOIymriza.,mn, and (3) splitiing.

(1) Pictet & Zerczynska, Bull. Soc. Chem. 1916
Zelinskij, Peirolewm Econemy (USSR), 1920

T




- These. 1 types of reactions are gener characteristic of all; pyxogenic
%maationa._ _In_the.present_case;. the. process__comprisea the. active_satnratiomof the -
molecules with hydrogen. A4nd tl;xis feature distinguishes the aluminum-cluoride pro- _
" cess 1‘rom analogous methods. : ) ‘ 5 ol

The spec:.ﬁc course of the reactlon within one of the ma:l.n trands in question.
depends in the first line upon the- nature of the charging atock, or rather, -upon -the
__uature of_the. hydrocarbons_present in._the: individusl stock, - Housver. the influence -
-of the- material-1is so -prominent only at- the start of the’ process,
" course of the  reaction becomes more and, more uniform, independent of the atart:ing
material but“it’"‘does -3 become independsnt orﬁthe quantity “of: Al 013 presento e
.. - Fox the cracking procesa. polymrization ard splitting reactions are of
great interest. In the presence of unsaturated compounds polymerization- phenomena
+will occur already-at a’temperature of from 20 -100° C.; and the products -of ‘this pro- -
cess are’ high-molecdlar saturated bodies. A splittinv reaction will start at about
200° C.. that is, the tw®o processes are separated by a oonsiderable difference -in

- temperature, a-fact nhich is. of 1mpcrtance for controlling the. nature of the final -
products. - }

B Aluminum chloride is not.a catalyst in the usual meaning o!‘ this word. "It
is rather an agent which reacts with the hydrocarbons in a definite proportion. For
this reason, -the intensity (lit. depth) of- thaproce.,s depends essentinlly upon the
quantitj of a.luminum chloride present.

¥hen the amount of Al 013 is s=2adl in proportion to the saturated h,vdro- ,
carbons, the yield of benzine is uUnminportant;-but, on the other hand, when we intro-
. duce a large amount of aluminun chloride, we attain very great ylelds. When such
——————a-proportion-of- 2luminum chlordde to- suturated- hydrocarbons-is-used, we-shall-expect -
et first a polymerization reaction to take place. If more aluminum chloride is = -
“introduced, the polymerized molecules are cracked, so that theproduction of benzine
is a secondary conversion reaction from the polymers. Shale tars. are a conglomerate
of all kinds of unsaturated hydrocarbons and of a sma}l portion of saturated hydro-
carbons. (excluding heberocycuc conpounds). cansequenf.ly. u:\ey exhibit the .scheme
in question.

: if cracking follo's umediately after polymeri..ation, it can not yield
an irportant quantity of benzine, because unsaturated compounds give comparatively
Iittle benzine. It is difficult to get out of such a limited quantity a satisfactory
hydrogen balance, which is necessary for cotaining higher yields of benzine. There-
fore, we must not expect high yields of benzine but rather a mixture of fully
saturated light end-products and visccus products. and several types of oil. -

; Under these conditions, cracking beeomes a method of warking up chale oils
to marketable preducts of high-boiling motor fuels and lubricating oils.

A distillate up to 250 ~ 270° C. is drawn off, cleansed from Al Cl. by
means of alkali, and separated into two fractions, the first.up to 200° C. benzine,
the seconu, one above that - kerosene I. The cracking residue is drawn off from.
the 8till and likewise separated iato 2 fractions; the firsi, uwp to 308° €. —
kerosene 11 and the second avove 300° C.,oil. -




L A ‘series ofvprelimnary experiments with various types of tar indicated
';that the- tars ought to» be. ﬁ‘eed of :phenol before bein, worked up (Fig. 5)-:

' This phenomenon may be expla:lned in’ the i‘ollomg manner ’Alunﬂ.num chloride
-doegs not only split the. molecules but promotes also.a hydrogenating reaction at the.
. ‘expense of the hydrogen residue (in the flask remains & highly polymerized, asphalt- ‘
- 1ike substance), therefore, we may expect that the oxygen containing compounds will .
ive off water, which will paralyze-the action of AL 013.

- For. our—principal _experiments, wé cut out a medium fraction from .
'Shale tar, 200 - 300°C.; oephenohzlngit in the norm.al iashz.on- It had t.he follo'-
ing characteristic numbers- - .

Spec.’ gravity e s 0.856h

sulfur . o 1.39%

- Boiling stert _ 1750

“up to 200° Co © . 3.0 volume percent
200°- 210° : . L8 v .
210 - 220° : : "
220 - 230°

230 - 240°"
240 - 250°

250 - 260°

260 - 270°

270 - 280°

280 - 290°

above 2907 ate.

coooOwWNVWNMOow
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The first. series of ez:periments oe:::onstrated the erfect of va:-}
r.;ﬁo: .of AL C1, on the yield and nature of the products. ™ We ‘see with L..usua}_
clarity that apgroximtely up to 10%, the A1Cl3  is consumed preeminer-tly in a poly-
perization reaction. Under t.hese conditions. the ylelus of benzire will not exceed
S% (confer Table I.) - o - :

Um.mportam. cna.nges observed in the yields of benzinc(ﬁ'on 5.9 to 9% \u..en . :
the proportion of 4l Cl, is altered fron 3 to 104, stress this relatmns)up still —
"more, since with a 3% addition the polymerization is not yet of sufficlcat intensity —
only 13% of the fractions have their beiling points above 300°.C. {Teble 2).

At 15% occurs a break — an intensive increase in the yields of beuzine
"begins to take place, reaching 27.6% in presence of 2;% of Al (1_, while tha ylelds .
of polymer products cecrease ab the same tice -— in the jresenc of 25% of Al €l
there is rractically no fraction above 300° C. present.

Those fractions which have a boiling point of more than 300° C. increase
intensively when the amount of Al 013 is increased up to 10%, reaching as wich as
25.6%.

-

Kerosene I exhibits an interesting development. In the {irst sta of

our experiments its quantity would always decrease, giving polywers, or the one hand,
and a certain part of benzine, on the other hand. +hen the ration of ih% of A1 iy
is reached, the ylelds of ferosene drop to a minimum, at the expenre of a righer
conversion rate for benzine; bui alter this soint is passed, the proporidon of this




fraction begins to grow, in agreerent with the decrease in the amount of polymers
formed;Kerosene I is produced. ‘' L

. Vpen theamount of sluminum chloride is further. increased, the porportional
amount of . keroseae’ T4 will always drop, obviously, because-benzine and polymers are
formed in its stead;with 158 Al Gl this decrease will stop, but a 8light decom~
position of the: re{idue,._ will occur- but thereafter the decrease will stirt once more,
‘and when the proportion of aluminum chloride has reached 25i, there is hext to no. :
sene II formed any more. . ~ .7 .. ¢ . . C P
The period. during which the formaticn of polymers takes place, is also. .
" distinguished by the phenomenon that very little gas is formed, no more than 3 litres
"+ per 400 g .of raw material. - The formation of: benzine is ccnnected with the formation
of gas.. | - i SN e »
o ’ Benzine, Kerosene.I & Il may be reckoned as finished products (confer
their characteristics below). The total yields of these fractions, which we call’
light procducts, are given in Table 3. ) R .

“Tablsz

Yield of light procucts

Benzine & Kerosene % Total

SRS . 738"
'57.8 .. . 5.5
39.1 18.1

29.3 o A7es

' L6.6-

L6.3

CmQSFE
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From this entire series of experinenﬁ wc may draw the following conclusion:

Small ratios of aluminum chloride give preeminently polyzers and an un-
satisfactory amount of light products; that means, up to0 a ratio of 5i of Al Cl3,
we obtain very little benzine, and both kinds of kerosene appear to b8 oaly the
slightly altered starting material with all its properties.

A high percentage of Al Cl, ylelds highly satisfactory 1ight produsts, but
at the expense of the elimination oT polymers and of high losseB in raw material {con-
_fer the column for losses by gas and complex formation on Table-2), since, the more
aluminum chloride enters into the reaction, the more hydrocarbons enter into an
irreversible &association with AL Ci3, contribubting to the formatdon of an asphalt~"
like body, at the expense of an enormous consumpiion of toe "eatalysi. ¥e 4hink
that it is most suitable to introduce 103 of Al Cl, into the reaction. 1In this csse,
ve obtain a maximum yield of oils -~ 258 —dlong with a satisfactory yield of ight
products of good quality, up to 50%. The logses amount in this case to 20 - 25%.
Tha amounit of aluminum chlorice lost ®hen ihe Yatio is 10%, is gqaite iolerabls.




When the ratio of aluminum chlorlde is 5%, we obta:l.n entirely satis ac..or'; _y‘ualds
of tar cils and of light. products, but the amcunts are considerably. lower +hag with
10% of AY €l,. At any rate, when tar oils are to ba’cracked with aluminum chloride
"'in large-scale operation, it is, neceSSary to'c check the loss of’ Al 013 for nropor- N
tions of from 5 to 10% T T

Accordmg to the literatum, it is clear thu.t the intensity of crac._ g .
m.th aluminum chloride depends to a large extent upon the continued. heating or, on
_the other d, upon the speedy’ removal of  the distillates. ‘S;ch an interzelation
with the time, is very noticeable in all characteristic details of the process.: The
‘nature of th2 products is not only a function of the amount of aluminum chloride
entered, butdleo of the length of time for cracking. In our case, the effect of the
time is very hard to evaluate, 'since ib—-ﬁ.‘rﬁnot a typical case of cracld.ng; and &
much more intricate process. It is also difficult to.draw any definite conclusions
concerning the effect of the time on theprocess for the very reason that our lests
. failed to register any not:;caable effect when the period of removing the’ dzst:.llate
-was more protracted.

We have carried’ out te.,ts \n.th 15% of AL Cl., changmg t,ne duration -of the -
process from 37 to 1,200 minutes. Table 4 shows tha% with the exception of Test .
¥o. 17 =211 the other experiments were more or less of the sams type. No. 17 .
"differs from the rest not only insofar as ‘the yield of benzine is lower, but also
insofar as the quantity of polymers wus low. 1In the subsequent tests,.this amount
of polymers becomas stable. This goes to demonstrate that polymerization like de-
composition is dependent upcn time. we may assume.irn view of the - fact that the
yield of polymers had beerr stabilized at 70 - 150 minutes (as against 37 minutes),
‘that the velocity of polyzerization in Test 17 is substantially higher than the
velocity of cracking. At the same time it was found in Test 17 that the longer
. the residence period in cracking, the greater thc cha.nges ben ine -undergoes with
respect to its ylelds and nature. : :

In our experiments we did rot find a substantial change m the quantn.ty of
benzine. This may be seen by the consumpiion of Al 013. mainly during the poly-
cerization; the residual amou‘nt of Al which enters”into crackin: can not effect
- a sensiblo change in“the yields and in the nature of benzine.

We have shom in the ‘previons discnssicn that the preliminary tests had
shown how difficult becomes the cracking of tars with Al Cl,, if the phenols have not -
been removed. “Here we shall illustrate this case from the Quantitative viewpoint
for Gdov tars. A% the saze time, we shall discuss the results of cracking tests
‘mzde with Kashpir tars which had not been cephenolized. ' By selecting the starting
material in this fashion, we shall be in the position to obtain some preliminary
“indications for the interaction of these °tdb1c constituents of tar oil (oxygen

and sulfur)lith Al c13 .

In Table 5 we see the paralyzing action of oxygen-containing compounds
upcn the cracking reaction and at the same time the cnormous losses in raw material
(more than 40%). Aluminua chloride is a desulfurizing agent. This may te explained
by its character which effects an active hydrogenization in cracking

[SE ]



Table 5. indicates that with large amounts of hydrogenous compounds or in.’
the presence of ‘a-large amount of sulfur (about. 7%) practically no cracking takes
place. The problem-of how polymerization proceeds under such_corditions will be.

. treated in a separate study.. - S ‘ T

Some information about the change in the 'sulfur content is given in Table 6. .

Sulfur content e Swlfue. . Sufwr _ L
in feed stock in b;nzina in Ke;o_sene I . in K;rosene II
A - ’ - L R s

Tar from Glov - Sl 0438 C0.u2 0.28
Tar from Kashpir 623 . 2.2 (X). . not determined -

The products from cracking
with aluninum chloride

The quantity of zes evolved ii cracking averages 2% and does not, excced
6%.. #hen the first cracking studies started, it han been found that the cracking
gas consisted of rore or less pure butane. All the \gubsequent investigations
carroborated this fuct. A large ‘cracking test was made in order to obtain more
getailed information concerning the composition of the gas (2.5 kg feed stock and..
155 A1 013). - : . '

: The 335 #as sampled at the teginning, middle afd end of the process. AlL
the three ssaples were sdentical. When we disregard the fact that some Hgs and H C1
~ were found in the gas, we may say that the rest consisted oxclusively of butane. :

: There dre no olefins, no methane. In this respect, the cracking gas from
shale tars does nct differ from that obtained when petroleun products are treoated.

Benzine

From 41l esperiments of ‘this series, an amoust of $00 c:.n3 of benzine was
collected. The benzine had the follewing characteristics: spec. grave 0.7588,
sulfur 0.36, iodine nusber 9.01. : .

' fhe benzine was perfectly stable, coloriess, of & specific odor, by no
mesns like the usual shale benzines. - ' v )

(x)It is of interest to note that on cracking crude shale tar with 4l Clz in the -
laboratory, Zelenmen, Levina anc jurocva { Chemistry of solid fuels, No. &, 1931) yields
of 2% by weight of benszine (b.p. 70-200° U.) with a sulfur ccntent of 2.2%, had been
obtained. This product was refined with §2% sulfuric acid and yielded 21% of benzins
(calculated on the basis of the crude tar) free from unsaturated corpounds (their

were about 0.02% present in the benzine).




.0 ' On cracking various. petroleun products with al 3 de - \ :
en ‘found that the composition of the benzine: is 'independent. of the starting waterial
Tand can be roughly divided into WO typest up to 1007 == paraf finic-hydrocarbons;.
- -and above 100° = naphthenic hydrocarbons. - In order to verify. this observation the
" 'benzine was: subjected to a’fractional. distillation in 10° fractiochs in a eoluma. - .

The specific gravities of the fractions ‘have been determined: - -

Table 7

" (40 = 150° is calculated a

-._Fraction . SR >V°%“33 S . Specu‘ic gravj.ty

80°. 2.3 o 0.6637

60 ~70° S 1.8 ‘ 0.6838
80 - $0° v - S S 0.7069
90 - 100° - IR m.8 - 0.7283
. 100 - 110° . S - ' 0.7439
130 - 12000 S U0 B 0.7532
120 - 130° . o 2. o 0.765%
130 - 10° S : 8. 0.7739
140 - 150° ' 9.0 ' ‘ 0,787 -

gd 500 - ' e 3.8 . ST 046LL3
0 - 60° o
60

To judge from the specific gravity and the percentile distribution of the
fractions, tre structure of the benzine is like that of petroleum products which
have beenmmanufactured by eracking with aluminum chloride. In the fracticns vp to
100°C. paraffinic-hydrocarbons prevail, in higher-boiling fractions, naphthenic.

>

N Kerosecnes.

. There are two types of kerosenes. One af them is the cracking residue,
(boiling point above 200°), the other, a distillate prepared from the cracking
residue after repoving aluminum chlorids. In general, the boiling range of bsth:
kerosenes is from 200 - 500°. Kerosene I has a range of from 200 ‘o 250 - 260°,
Kerozene II of from 240 - 250 = 300°.  This division has been worked out in the’
ccursesof operatioh. - The main characteristics of the kercsene are tabulated in

' Table 8. ) ‘ . . :

Table 8

Iodire number

- , 7.49
11 6.67

—

. .
(3 4. F. Dotranskil and 2. A4 urinum ehlo-icds.




B

" . . By the term "oils" we denote:all fractions. the initial boiling point of -

. which is higher tnan 300°%- The-starting material does not contain any such fractions.
Consequently, we must presume- that they have been formed in the course -of the crack-
‘ing process. and, in particular, -during the first stege of this process. _

" In.view of the fact that the preparation of shale tars and.lubricants by
a working-up process is:of greal interest; we are planning to study all possibilities
~for preparing oils from shale tars of different proveniences.  Now we ere going to
give the chiracteristic data for thi oils obtaired in.the course of this process.

The residue (b.p. above 300°) is. in, fact alresdy a ]_.ubrica_nﬂ ‘(confer the ‘
viscosity curve) but it is .not sufficiently viscous. By distilling off some fracticn
from it, a fraction of much higher viscosity may be obtained. - R

The 300 - 350° fractions have been distilled off from the residue in the :
vacuum (on conversion from a 15 mm to a 760 mn pressure). This fraction is of a
- specific gravity of 0:869h, apparently similar to kerosene II. ‘The yields of this
fraction amounts to about 1/5 of the volume of the entire residue. The residus of
~pore . than.350° b.p. was the subject-of a more dctailed investigation (Table 9).

Table 9

Properties of the o

. Specific gravity
Flash point (Brenken) . .
Yolatility in 1 hr. at 110° C.
- "3 ®  ®10°cC.
. Freezing point ’ .
"(iscosity at ‘.ESO
Ashes - - .- .
Acidity - . 0.75° mg XON
Jodine number o - 19.0 o

The oils resemble machine oils. The rather high degree of acidity and
the preseice of ashes may be explainad by the assugption that in these tests the
21l was not washed sufficlently sc as t¢.remove all traces of aluminum chloride.

- The pieseace of ashes means tnat there is some Al 013 in the oil. . '

ve are giving the viscosity curvas pretaining to two of these oils and
to some petroleum oils. They how that our oils are to a certain extent capablae -
3£ replacing gimilar petroleun.oils. : i

ATh'e’curves on the graph mean: (1) petroleus spindle oil, (2) heavy machine
3in, (3) our oil with an initial boiling point of 3C0°, (L) ditto, with an initial
=oiling point of 350° i :




| Conclusions " .’

(1) The cracldng_ of shale tars with aluminum chloride consists of two.

processes: polymerization and splitting. The possiblility of promoting cne of -
_“these procegses rather than the other depends from the agount: of ~gluminum chloride
. which has ‘been introduced.’ s T e e Ll L :

‘ (2) The first stage of the process, polymerizatioii, ‘will, therefore, gorover
into a_processwhere ployumers are decomposed, in the course- of time as well as- -

when aluminum chloride is added.  In the ploymerization, time does not play an
-important role (at the test temperatures). - S

o . (3) vhen aluminum chloride is used in quantities of not more than 10%, the
process will yield 50% of light products (benzine and kerosene) and- aboub 25% lubri-

cating cils. o ) B » ‘
. (L) When the percentage of aluminum chloride is as hig'h'as 15-25¢, a .con~
sidéerable amount of benzene is obtained (up to 26%) but the yield of other products
.is correspondingly lower. - ) . .

. Bt
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Chemistry of the Solid Fusls - - .
" Yol. 2,-No. 2, 1931, p. 3 =15

Cracking and Hycrogenation of Zsthonicn and Kashpirian
Lo shale tars ’ S .

N.D. Tilicheyev & G.H. Sledzhiev

(Conclusion) (1)

' In cracking Keshpirian ehal: tar ve shall be conircnted #ith a stild
more subsitantizl formation of coke than in cracking Esthonizn oll shales (confer
-Tasle 12). ’ o . S

. The total output of benzine biing 7% -(corrected 2lue) about LE of carboids
sre formed.  An output of 10% of benzina “{cérrected vaiue) goes Wi th the formation’
.of a hrge quantity of curbolds,. indeed, about 20%. The cracking products censist:

of a heterogesous mixture of lipuid £nd ‘cokelike particles. _This phenomencn shows -
that thre cracking of Ksshpirian shale .tars by +he usual meibods is an extrexrely
tedious affair, sinca the coke formed will fill the entire apparatus in a short T

time.

For the benzine-cracking experiment Nc. 11, the szlfus content has been
detdzrmined with .about 5.68%. 1This ancrmous sulfur conicnt {Confer this Journal
vol. 2 tie 1. (1931 Translation Dock 212) in the cracking beazine made froo Kashpirian.
shale tor, aggravatcs the prospects for a successful cemmere eracking of Kashpir-

" 1In order tc Geterrine the neximunm output of benzine which can be obtained
Yy cracking Xashpirien shale iar, a cracking run, cozplete to a solid coke residue,
—as pade of this tar; the followlrg data were obtained in this tess:

Gaseous products and losses 23.
Cracxing benzire {plus distillation losses) 27.

3

7

Crecking fracticn 200 -~ 300° . 5
Residue above XCO°> : -8
Coka : i 35

¥hen we take into consiceration that in Kashpirian shale tar there axe

11.5% of heavy ligroin fraction, then we oblein 2 echeme of cracking products as
~ follcwxs, whereby we include into the "residue™ the fractiors of more than 200°,
giving the values in round nuzbers:

Gascous produces and losses
Cracking benzine ‘
Cracking bottoxs

Ccke




The' c:'aching benzine ﬁ‘om Kashnina.n shale tar has a sveciu.c gravlty'
(a -15° Co) of 0. 819 and consmsts of. follow.mg fr‘.c tions (Enrrler).

Iru.t:ial bap. - 5h° C. o : Dist:l.l. up to 160° c. .771‘5‘
‘Distillate uwp L "o ge " 93%
R L A ) oo omi393 B _5;85; K
" ‘ m18% , [ o
" 34% "
“ ~'55:S

' The i‘racnona.. comoos:.tion of crackmg benzine from Kashpirian thﬂ.e tars
%:hiﬁies the standard spccifications for heavy export bénzine. There is orily au -
unimportant inadeguacy in the fractions up to 100° C. (18% instead of 20%). However, :
w st keep in mind that the cracking benzine which we obtsined his a aometﬂlax. ortnoxi.ous
fractional compositicn, cinece it contains a ‘cartain amouant of heavy ligroin.fractions - -
practically all of which go over with the benzine. When Kashpirian tar would ke su
“jected to cracking after all the fractions up to 200° C. have been removed, the. Prac-
tional distribution of *mo crac‘d.ng benzme would. be considsrably ve ute..

Since the cracking of Kashpirian tar is accorman.ad by exceasiva coke )
formation, we studied also the cracking of the distillate, which had been obtained, when
the distillation of the tar residue was continued to a solid coke. The distillaticn
to a solid coke residuc vsus \.ar"ied out in an autcclave; -and the fol.owing data have

been obta’i.n'=d.

YTields in
% by weight

Gaseous products and loss s in cracking

Up to 200°.

1200 -~ 300°

Residue above 3

Coke

Lesses cdue Za\f_":lla‘..icn

After removing the fractions up to 200° C. from the coke distillate, -the
cracking operation was continued until coke was fermed (Table 13).

The cra*king of the distillate condeasate gave considerably more satisfactory
results than tle immediate cracking of Kashpirian tar: the output is 17% of crackmg
benzfme with a formatior of 1% of carboids.

In ofder %o :ln'rest gate +he possibility of obtainmg soft asphalt froz
Kashpirian shale tar, this zaterial has been distilled in the vacuum to varying rates of
cdepth. For the soft asphelt producis obtained in the resicue, the chief constants
have been delermined and also what changes they urderwent when heated to 163° C.
for five hours.(Table 1h).

The data given in’Table 1l show that by means of a simple‘ distillation of an
804 distillate, a high-grade sofi asphalt can be otiained from Kashpirian shale tar,
fuily in acccrd with the /fmerican standard specifications.




. In. cru=r to mve=t1gste £ poss billt.,/ of producing a t:’acto* 1u.el, or
broad fraction up to 300°, -Kashpirian ar-was-cracked, Up to goli coke formation
‘in an autoclave equipped with a colum, under a pressu.ua of 2 athmspheres. Tas ~
- i'ollow:ng results have been obtamnd- ’ e . : R

" Gaseous products and Tosses - ', . 1.8
Fraction up to 200° (:.ncl dist:.ll. losses) 27.0
Fraction 200 = 300° T 23.9
Residue above, ;00° S Ll 6,5

vdrogenation of Esthonian Shale Tar

. The h;-drogenatlon of Esthouicn shale t.a_ is carried oub under an inisial
hydrogen pressure of 200 atm. in th. average, at 390 atm. While the hvdror'eqa—
+ion rezction took place, the pressure would quickly drop in the autoclave. This-
; pbﬂnomnon indicates that the hydroger addition took place with considerabla intensity.
" Fig. S gives a typical graphic represnntaticn of.the course 'bemperc.ture and pressure
diring. the hydrogenat‘on process.- ) . '
In ans t.her ucy it has been e::pla:med in detail O‘) th..t 1'0 is ixpossible bo

obtain the maximum yield of benzine in one hydrogenation step, since the benzine which
" has been form:d would underge a decormposition to gaseous products, if it would e -
zade to.undergo.the influence of a high temperature, for soz2 length of time. It
macimum yields of hydrogeaation benzine are to be obtained, the hydrogenation musi bs
carried out in t®o steps- 15 will pive the following result: more than 30-35% ol
‘beazine is contained in the cenversicn product from the first hydrogenation reacilon;
the benzine fraction (up to 200°) ic removed froz the conversion product, and the
residue of more than 200° is subjecied to z second hydrogenation, and so on. Tke
resultssobtained in three hydrogenaulo'x steps, with Esthonian shale tar, are givea in
Table 1 ’

In all experiments, a nct 1ceablc formation ol coke took place. It iw
characteristic that the.specific gravity of the residue above 300° was lower after
each of the consecutive hydrogenation steps. This observation indicates that the hydro-
genation of Esthonian shale tar can be carried to the end, that is, the end product Till
consist only of benzine and gas. - The specific gravity of the benzine, on the oirer
hand, goes up with every Hycs "-o"enation. and that peans that there is an increase in
" the gravity of ths/Kerosene frau.tmn 7200 - 300) rermains practicall_/ un¢hanged.
benzine fractica whils t,b*t of the .

e "The yield of hydrogenaticn preducts obtained frcm Esthonian shale tar,

caiculated cn basis of the tar {eed, are given in Tatle 16.

After three hydrogenation steps 50% of benzine (up ¥o 200°) and about, 15%
of a rezidue above 200° C. had been cbtained from Esthonian shale tar. If the residuz
is re-hydrogenated, it yields as much as 8% of benzine (calculated on the basis of
the tar). Moreover, we rust keep im mind that where the graph says "Gaseous Products
and Losses,” this figuwre includes also the losses suffered in the grinding process

. and by leakage of the apparatus,ad theseitems emouni to one fifih of the total -
amount for "gaseous procucts end losses." If we take this fact ir.'bo ccnsideration,

(1) Confer ile article cf Sakbalova & Tilikheyevs, Hydrogenation of petroleunm yrocucts
in the anthology of articles "Cracking and Hydrogemation™ itoscow, 19531.




‘Table 17"

Produets

Water . : B
-Gaseous pr oducts and lcgses
Benz.me up. te 200° N D ‘
The fxuctlonal com,)os:.ticn of the b‘.n‘.mn which we obtamed in the firat

and "econd hydropenat ion st\,ps iz given in Table 18 .

'able 18-

sine prodt.cca i the. B L Benzine produced in the.
by t hydrogenaticn of’ o - second hydrogenation of
thonian shale tar . . Esthonian shale ter

“Specific gravity - - 0.(112 : Lo 0.782
Injitial b.p. o R L&° : 55° C.
up to 60° C T b?:, o , 2%
' go * 19 % - T 1
" 100 : S35 ' - -
© 53
-9
80
S
0
97

R,
2024 2% 2R W

BROWLRE N VR R

c.

WA W

The fracticn distributicn of the benzine obtained in the first hydro-
genation step is most satisfaclory; the. benzine contains a lsrge quantity of the
fractions up to 80° C. (19%) and up tc 100° (35%). The frastion distributicm of v
the benzine obtained in the second hycrcgenatldon step is nob quite as satisfactory.
but this benzine, too, is in accord with the gtandard spccificationa for heavy export
benzine. : -

!h'drogemtion benzines forn Fsthonian shale tars have a very low sulfur
content, in the various tests it varied between 0.C1 and C.0L & (lamp method).
The latter circumstance i3 of supreme inportunce, since FEstionian shzle tars yield
benzinea with & sulfur con*ent of as iuzh as 0.55% when they are cracked in the usval
fashion. Bul by the hydrogenatlion methid it is easy to cbtain benzines which are
practically free from suliur compounds. P

The Hzdro tlon of Kasbpirian Shale Tar

The hydrogenatiorn of Kashpirian shale tar has been carried out under the
same ccncditions as—the hydrogenation of Esthonian tar. In both of these cases, 4he
courge of the reaction vas nearly identical. Table 19 gives the resulis of ths re-
hyarcgena ticn of Kashpirisn shale tar.

«




Ou*r,put of" reh d_rogenatmn  products made ‘from Kashpirisn shale tar, calculated on the
bas:Ls of the ua:' charge. P e

e P

Na,.. oi“ .index n\xm:beriof . 'Yield of -hg c.rogenation Droducr,.., in wei ’t—'%
“tests hydrogeistions - Vater _ Cas & Loss Fract. =200 = Residue above
: o e e ) + dist. los§’ ~ ~1.200°

C2e22 Fest . 2d 220 0 326 (L8.0)
23 " "Second - . S v 10.7 . 27.0

h3.3% 61‘ benzine and 27%'.' £ residue were obtained in'fhe two lxydfogé:i.'rbio:1 .

‘steps.  If the residue iz rehydrated once more, it may give 70% of benzine or 10%.

of benzine, calculated on the basis of the tar charge. Further rore, it may be

" pointed out that the figure given 3in the item "Gzseous Producis and Losses™ includsz
the grinding losses, hich amount t5 as much as 20§ of the total arount of this item.’
¥hen the hydrogenation of Kashpirisn shale {ar is repeated once more, a sum total of
65 - 704 of benzine may be recovered, the rest w111 e made up of 5 = .&& of \vau.‘,
und gaseous produc..s. . - . .

. The rectional co:positicn o*‘ +he benzinhe which was produced in the fizst
ny o:rena. tion is as followa- N

Spec. v:eight ) 0.7§0 L . .+ Gees over up to 180°
Initial b.ps— — . 52° S - " 2000
goas over up tec ~ 60° > .225¢
nowon oo _E\"d boiling po:m.232° ]
o pleoly 7 : P‘”‘iﬁ"" :
" 126°¢ : 55 v ‘ Lesse
-t lhoo
" 1460°

The fractional cozxpmition of t.he benzine obtainecd in the Iirst hydrogena-
tion of Xashpirian shale tar is most satisfactory. It is distinguished by a larg»
ccntent of the light fractions (up to 80° -'19-%, and up to 100° -~ 37 %). Ia this
relation, these benzinas are much zuvperior to the majority of the ordinary benzines
which are produced by siraight distillation and cracking.

) The sulfur content in fir"st-hydrogena ion benzines made from Kas hpz.r:uan
sha.le tar, anounts to 0.35%.

This low sulf‘c: content is rost satisfactory. _ When Xashpirian shale tar
is treated by cracking, the sulfur content will e as high as 6.5 - 7.0 %; it
almost fails to meet the cpecifications if “reated by the ordinary methods. Bui
when the very same tars are hydrogumted.'the benzine will have a total sulfur con-
“ent of about 0,.36%. W%ithout any deoibt, by changing the hydrogenation conditions or
by rehydrogenating the benzine, the sulfur content can be reduced still iurther, €0
that it oeets American astandard specifications (not more than 0.1%). ;

Table 21 gives an analysis o the gases cbtained by the hydrogenation of
shzle ter.




Hydrogen conswiption in velation to the bensine outpub
" Fame of shale ST Yiejld’ of derégenatio N Hydrogen consumption
tars . - tenzine (Weight ) -~ - ‘Height 5 -

’Estﬁonién . .. -22.8 S R T 2.9 -
Kashpirian: coo o3 -2.9
fashpirian - . . 286 T . 26

: The residusl gases contained altogether 30 - LO % of hydrogen, that is,
the hydrogen partial pressure amountzd to 90 ~ 100 .atm. For this reason, we may hope
that in a commercial plant edapted to a continuous process, where high hydrogen :
ccncentrations.ore comparatively easy to obtain, “an operating presocure of 150 atz. and
even 200 atm. will entirely sufficient. o :

e Considerable losses (Table 21) are mainl ' _occurr»ihg pegéuse of “the spre
ing (???) of the product.. . . e ' R

tenzine.

Tab_le 22 shows the consumption of 'hjdrogenn in relation to the formation of

_ “On-the basis of these data, we may understand that for the total benzine ouvt-
put from.the hydrogenation of chaele ter {about 70%), the hydrogen consucption ®ill reach
‘2pprox. &-7%. : - ’ L - . . o

- 14 is mot necezsary to strecs the importance of the low HoS -~ centent in tic
zeses. It is possible that a considerable part of the sulfur has been combined with <he
oxygen of the nickel, forminz nickel sulfide. This compound, like cobalt sulfide, is
—3lso cetmlytically active, actcoiding ‘o the data given ic the scientific literature.
1 necessary, the nickel cxide wmeuld be easy to regenerate by roasting the nickel -
aullicde in the presence of oxygen. : : ’ ’

In the experimental p.urt ¢f this investigation, ve were suppcrted by the ——
entire research collective of the cracking division of the research icstitute "GROZNETTI.™ :

—

Conclusions. - ' o

1.) Cracking of Esthcnign and Kashpiﬂan shale tar is accompanied by a
high rate of coke formation. - o

2.) Then cracking 45 continued to a solid coke residue, 2L% of gaseous
products and losses, 26% cracking benzine, 1L% cracking gasoil and 30% coke were od-
tained from Egthonian shale ter. The sulfur-content of the benzine was 0.56%.

3.) - It is most expedient to crack the lighter fractions of the Eétlx:nia.n'
tar and to work up the resicual heavy fractions to asphalt.

i L.) Cracking of Esthonian tar for thes purpoée of obtaining "tractor fuel™
{a brvad fraction wp Yo 300°) yields 3% of =mater, 10% gasecus products, and 50% of
the frzctica up ‘o 300°, 8% of crackisgp gasoil and 29% of coke. :

S.) Cracking %o a soliid coie residue carried out with Kashpirian shale
tar, yielded 26% of gaseous products ~and losses, 1% of cracking benzine, 1i5% of




: “about” 80% ofTdis ulllnte have been removed from Kashpirian~
tar. a residue 1s left ul’uch is a luv“s-gvade asphal o c S

B S 7 ) The hydroganatzon of Esthom.an md Kashpirlan shale ta.rs yields about
247 of gaseous products, 6% of water and 70% of. benzine.  The sulfur content of
. tenzine wade i‘rom Esthom.an tar was 0.01 10 0. OLZ of suli‘u: and  that of Kashpirian

tar was C. 26%

. .8.) TFor tha complete output of benzine (70,u) ‘a hydrogén consumption of
6—?‘5 \on the basis of the intake tar} was necessary. B

9. ) By hydrogenatmg the shale tars imques tion.-lt is possxble to ob‘
& ‘zpe :.:z.l brand of. stable -aviation Lenzme. and also arcmatics.

lﬁ :mﬁb

cc:  Mr. E. C. Herthel -
¥r. H. L. Pelzer
All Division Chiefs-
. Library
A.E. Miller (25)
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16% nickel oxids
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Operating conditiona: LS0°*. (corr. L25°) 200 atm. initial hydrogen pressure,

Numbér of

Yield of hydrogenation products in wt.

Duration

Ho. of

Experi-
mend.

Fract on-200°

' ﬁesi@uo 300"

200-0°
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Houra
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Tahle 2

Deslg ‘atiou of
Startlrxg Yaterial

Esthonian Shale Tar’
Kashpirian Shale, Tar
Re31due>200' of Kashpir Tar

f

- Designation of )
Starting Material (tar)

v

Zsthonian Shale Tar .
” n

Residue Y 200° exp.%o. 1 Spec.Grav. 0,952
. " : u . no. " H "

‘Esthonian shale tar
"ashpi*'ian ahale tar

h!

oy
2
3
Y
L
7
8
g
0

" " N n

ki) " r

[ : "’ n
’ Qesxdue 7200° exp. 9, Spec.grav. 0.992
Kashpirian shalu tar

GEERE

£ Tesignation of st,a.rtinb
Laterial

Esthonian Shale Tar

L] LN n

L] Ad ”
Residue > 200° exp. 1-2

" D200 exp. 3
Kash;nr .)hale Tar

Zesidue )200‘ exp. 56 -

Ari&lysm of the Shale Tar ‘(ydmgmizaﬁon Gasea (hSO') and ‘{ydrogen Consumption'
‘ : I-‘i,nal )

. 35

350-475
' k25

" Average' . Balance of l\ydmgenation )

200 atzn. :Lm.tial hydmgen x essure; 3 hours. in the‘presence of 10% xuckel OXidB .

"

Pregsure . . -Spec. . - rlo:nposxtzon of the gaa vol S Before the reaction

) - After the reaction -

LLydrogen ba}.auce in’ th g

Gravity ! COg + HpS Unsat.ura—-
of gas : - ted'

96 . 0:512 : 01
790,57 0.66L - Qo 0.
1.0 - 0.475 . .0 0l

Atm, Gas m3 Oxygen Lgthane Start.v Ha Catalyst—

L{a*herial
3.3 7 10.0
3 10,07
3 10.0

282 " 6.0
230 ..0.9
. 1L

o 'Pa'ble 23 . .
Cmcking of FsEHonian Shale Tar

- Cracking Operating Codditiors

Temp. - Pressure Duration ~Yields in veight £ of cracking products

~Total, .output‘ :

-Redaction Products Catalyst +
’ R tar sludge.

12
2

9.
120
;6.& .

13

ALisA

“Gas

Walght of  welghtof
. Hp Intake ' . left—over Hp.

343~
. 3.k
3.b

Ouly—"
0.5 "’
0.8

Prc;_;ermes of t.‘v- veidue) 3c2°¢

- *C. " atm. Hours ¥n. Jater- _Coke
=L75 . L . -
470 - I - 10
425 : - 20
L2s S 23
425 30
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Hydrogenization of : sthoniaq ard Kashpirlan Shale rar
Hydrogenization conditi ans

in the Preseace of 108 Nickel Oxide
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“Thermal T)scoszbsi‘c)ioﬁ ¢f Gdov ‘Shales vnder Hyd oge Pressure

by V. P. Tsybasgov, Ss A. Dymahits and I.S5. Levit

Prior studdes on the Berg ni :ztion of hashpir ohales @nd shales from Ob_.h
airta have domonstrated the fact - J;..t thormal decomposition under hydrogen pressure
does not only provide higher vields of liquid producte with less smlfur-compsunds
but alters the cha.racter of the decozposition of the orc,a.n:.c materia.l(l :

The effect of the nydrogcn on h.he dewrmosition of Volga shales is distl.-
g‘di.:hed by ths featwre that tna organic substance becomss susceptible of bitrminlza
tion and i comverted at a 955 rate into a benzclegol Lbla asph:ﬂ‘—libe product ——
bitimen — at s temporatm's,ol‘ 360~37C°C. :

The ' thermal workinz-up of kashpir shalcs, befora Berginization, makes
it possible %o obtein as much as 207 of shale ter wizh 2 sulfur coatent of 1.557,
whereas the useal distillation meihods in the Fischer retort give 10-11% 'of tar wita
3 sulfur content of 6.53. . : ' : o -

" The decc:poaition shal=s of a given oro"cniei‘cé entails a conslderadls
consumption of hydregem. 'iith shalcc from Obsheys Sirte, we neod 6% and with Kosheir
zhales 8ah.§, calculated on tho basis QJ. t.‘lc :L..our’ of crgdnic ‘substance. -

: e large consumpiica of ““"ﬂ.gsn 13 connocicd with the chemical cm.v:‘. tu-
tion of the organdc substanc~s, whish are of a h"mz...—like. sarropslic atrmmn:.
" with a predomirance of the b.z_mp—'p&*t.- :

) The studles mads in the field of the cestructive hj'drogen:\tion of h
coals, demonstrate thet thess coals are very hax'c to 1 queiy and consume a- gre...-
anount. of hydrogen.

Gdav sha..es. tzae organic matt.er of nhich is raf.her of a sapropelic-hraic
constitution, with a predeminance of the sapropelic 4ypc, will probably be dscomposad
in the same 'manner as sapropelic coal, which ms;onds exceptionally well to the
Berginization process and is characterized by rich yields of fuel oils. )

’Lhe oxperiments described in the following text have been carriled ocut by
varying the temperature conditions, for the purpcse of elucidating the effect of

Iydrogen on the organic snbstance in the course cf the thermal decompo®ition of
~ Gdov shales.

(2) Journal of Chemical Engineering (Kh.T.T.) Ne. 3, 1933, Ephravov Taibssov;
01l Shales, No. 2, 153k, Ephranov Tsidasov.
sournal of Chemical wgi-xe >ing (KleTeTe)s Ece L. 1932, A.Orlcvy and
NeI.Ignatovich. .




