Srnthosiz Oparetion

The 10-m. /Mr. umit was clnpletsd towerd the lattsr port o April 13:g,
Beginning Mey 2, & 32.44- i was carried out, Zn whish L00.1 of Lo eatals by
E hyal q.] ?« A 't '{-"IJ{_ _ -u'r 't\
was used.lY/ goe reaizlcs heve heen reporbed, =2/ The moipm tonparatizy o
difference ’n 4he snparatin wasz apout U Coy with an over-el) sverage of Iepit
e 5%, showine thet the coolipg slirface was aalfieiert Tor removal of the

- A3 =25 =Z
hesd of renction, &g the result of +este 1 this econverter, 4 wos atacludgg®
- ' . 2 d:
that & cooting srface ratio equivelant W thatl cotained with g 25-pm, T,m, -
wbe adequately remaved the neat gs wrated by the synthesis of Eydrocerhon,
N e convarter of this fzaimm, :

CUTFR-CATATYET CORVIRTES USTNG GIr as COAT AT
Frow the ehove experinents it Wz obviole thed s cOrtRin Tatic of conl
Ing aurisra o cAatlyet volume wos recoassry o practienl operetion o &
Imncr-caialyst converter in the hydrocarpon fymihesis wsing oil ap eooleng
Hawsver, the arulieslion of hol watar 28 a econl=nt Fopr fatalyet bads Fesmad
meferablie to ©il, as water waa alresdy in aae Irdustrisily amg Doszenand thS
sivantege that az tee heet of reacticn wes ranoved thromsh vaperization of -
veter o constont terverabime 28 LIre easily maintedined, Morsover, this
utiligation of reaction heat to preducs 2toam WaE En gd2itienel ercnamig
cdventege. Ae the roashion termeratirs e Ereater tham 100° C., however .
it Wwes neccasary 4o usc weter vnder reseirs, wiivk is wndeaivsple i dsigy
ard construstiom SOOI CE, IR crder fo minimize the amount of rressurized
- coratrustion, therafeoro, 1t wes desirvable to pass e ccolant thvough the i
tuibes Instcad of arouns them.fﬁr" Az a result, the Turdamental Froblam in the'
Cenlmn of 4hs tater-cetalyst cinvertar was fetormination of the Deosssary
gpacine betwosn tha czoling dmbes, Ap LRroximaticon sould he cutained from -
the resita of previoms EXperiments, but, as the hedt-tranafer Tilm qoprsi.
ciznt of a gas varieg geeording to whether ihe £28 lg flowing ingide or G-
2las of & fdhe » Toriher sxperiments Were Indicated, Altheazh the ILigzig film®
cocfficient of host Yranafer Fop water is much grester dhaw izt of il eng |
Suozeats that & diztence tetweon cooling tupos egual 4o Bint Used in e v
evisuz converter would bo TCo 23], the gss £iim cesfficient ig probably | oy
the controlling Pacior, In order 4o-chiatn mome orienting dats reparatory
to the uzs of water. coolant, e lind pary SEPErimcnts werc made in the Tollow- |
1ng canvortera wsing oil as the cociing medim, '

k)

Corventsr With 3.m,3 far, Throtghmt

Degerintion of Fouioment

To citain 2ealm datn on theas points, the CIMVELLEY ahowm in Pigpes 11
WaE omstructsd with & catalyey wepmedity of 30 Alters and & mexiEm throvghput :
_]_Of Edltorta note: Proau‘:ﬂbly the samg tPs usad Iin the smeiier urif,
11/ Eyoto Imperial, University, Crem?oat Hedearck Inotituts Lectupe Serie
— Yo, &, 1339, 1., 3g, S
12/ Zditorts nota- Sare as Jermen “outer-cataliat comvertsr. " Refen tg
- Burest: o Mipes Tny . Dirg, 7587 s The Evaluation of Comverters ©om
Ersthermic gra Endatihermic Catelytic Reactions Comorrlng within Hairrow
velperatire Linita, hy Quatay Wirth, tranelzfied and reviged by R. g,
Graas end E, J, Eandine=  Tigy, 1938, 13 o,
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Figqure 12. - 10 m.afhr. outer-catalfst convertar.



of 3 m3far. The conlant from the menifold was separated into individual
cocling tubes and, after pasaing fthrough the resetion zone, wes collected in
a renifold, passed tkroush s heat excaapger, and recirculatsd. The most
@ifFficult mweblem faced in the consiruction of this converter was that of
revlding a gas-tight geal =t the junction of the coolant tube and rsacior
wall begeuse of #he amall asecing between the tubea, In order to fecilitats
the welding cmployed to make thiz seal, iho nlet end outlet lines were mads
interchengoabtle, and bends were mods inside instead of cuiaide of the satalyat
gpece, In thiz gonverter, cocling tubez 3k4-mm, 0,D. arné 26.7-mm. I1.0. were
speced 48 md, vertically snd %2 =m, horizentelly (cen r-to-genter}, mroviding
8 cobling surface ratio sawovhat lees than thed cordainsd in ths 35, T-mmm, I.0.

. dmrer-catalyet converter. If was f2it that e =mallsr cooling murface would
be required in this éesign, because the flcw of gep scrcsz the cooling tubes
showld incvesse the gas £ilm scefificlent.

Sypnthesie Cperation

 Cpersvicn of tho converter waz begun by using oil 2s & ccolant and 30
CUiers off cobalt catelyst; the tepereatare di=tributicn in the catalrat bed
ehewn, in H6blo 3 waa obteinsd, Afder 17 heours of speration, the section of
- catalyet &t the gz inlet showed a marked incresss in femperatira , anl the
- tomperaturs differcnce between this zecticm 2nd the coolinz oil reached
387 €, Tomperaiure conirol of the caielyst bed wes very difficalt, ipdics-
ting that ths cooling swrfsce wes ipsufficient in thia typs of ooeling fube
errangement, By pecking the firss kalf of tie catslyet bed with 2 mixture
of eztelyst and dinsrt material, termseraiure comtrol of the whols bed wes
poeslble to & ceriain oxtent. : '

TAELE 3. - Distrloution cof temperstire in catalyst bed during sreration
of etl-ceeled cuber-cetulyst corverder

{Throughput = 3 m,3/ar,; 30 liters of cobalt catalyed)

. Crerating ¢ Tempsraties Temperatizre
S time, ccoling oil, ¢, |oataliyat bsd, %02/ |Ges fiow, | Comtraction,
houra Iniey | Outlst 1 = ] m, 3 /b, DErcent
Sveieaea. 211 21l 213 | 206 | =07 a8 W
Ly 20h zob | 240 | 200 | 200 3.k h3,3
2L 210 L 210 a2zl | 216 |zic 3.3 hg,5
I PO 211 210 213 | 216 {233 L 36.5
5 T 220 220 223 | 205 1o2l Z.9 he.T
S, 51 215 215 | 2146 lz1y z,0) 33.0

‘E-_H'r Locttions nusbersd jrogressively Furthsr fron comverter inlet,

Gonverter With 10-m,3 /M, Throushous

- Deseripticn of Fguwipment

. To increase the cooling aurfaco;catelyat-volume ratlo, another sonvertsr
- M8 gonatructsd, az shown in Plguie 12, in which the spacing of the cooling
tes was mmallsr. Az a larso nercentege of he heat generated in the

- kosg

- il -




3-m.3_/hr. CCnVErter was Lodt throush the convertsp Woila | the maximum throng,
it of the new comvertor was inereascd to 10 m,3 /hr. and t4g CARACity to 10g
litors of catalyat, The sane 8126 ccoling fubos were used apaced (center-4g, &
center) at LS-mm, vertieal irteryals and 30-im, horizeonial ~ntervale, Tabie 4
ghowa the tomperstiors Alsirihirkion cZiating in & ped contoirdng 95 Iiters op 3
& cobalt catnlyst., 4 waTimem temporstire difference of O% ¢, was raintained
‘and ths' temperature wec relstivaly esay uwr control, 9his rertlsuley cooling
swwlace ratio mist therefcre heve hecn oufficisal, even though £t was leas
then thet of #hs Trmer-catalynt convaptsr, '

E;&BLL? L. - I}ian-ibutid.n o temueratses in cavalyst Ped during oparation
of cil-coelad cuter-catalyat convertor :

{(Throustipat = 10 m, 2 frr, i 100 litsrs of cobalt catalyat)

Operating Temparature | Tempersturs :
wims, | cocling oil, Sp, catalyst bed, “G..E.-/ Gez o Gc-:ltractit:un,"_
hours Iniet | Cutles L 772 75T § =12 fer, percent
2Jecevnen | 2105 | 210|220 2y l215| 214 0.6 | 39,7
K1 211 2il 213|219 [eidleil,s 8.5 Lz ,3
L 210 210 |21¢,5 215.;|21&|21h.ﬁ Q.7 ha 7
2 213 213 231 lmza (217:e035 9,1 13,8
Hereeres | 215 1 13 |25 220 le1yle1s.s 7.3 40,0

af Locationg emheread Irogressively furines Trom convertar iniag,

in this particwlsr cénvertar, the rows of cogling tubca wera 2tegsered,
and, in order 1o increase the hess trarsfor fropm gas to tubes » £a8 flown &t
both right &ngles and vevallel 4o the lazasred rows wers tried, o siyni-
ficant differences ware chusrved, however, in the terweraturs ¢iatritution
in the bezd, ’ :

ChE the TSCSEE0TY dadn wWers obieined frem the tweo corverters Juast
Gaacrived, it was oot A0cescary to congtruet two ether sonvertors ithad had
already been desiomed. Theue GUNTErters ave .ahown in £1zures 13 end 14, in
which the Bracing bemrosen tha cocling twhes was sroater and lsaza, reepecstively,
hen in the 3-m.3 /i, sonvorter. fThat 15, the vertical centora wers 55 mp,
end L3 mm, | respectively, and tho horizentel centers were Dlome, wnd 37,5 oo
reavectivaly, :

L

OUTZR-CATALYST CUNVERTERS USING WAIRR 45 0OOrAZT

From the previous srmarimonts with oil-cooled stiler-catalyat comverters +
tog minimum allewstle Sracing between eovilng tubes for thess confitions was
determinsd, As the final dbjective wes the conptruetter of & wetsr-copled
comvertor cepeble of handling 100 m, 2 cr gea per hour, & srall onit usins
WAlsr 22 & cooling medium wam Buils,

Converder With G-rc,2 far, Throilghoad

Dozcrivtion of Apveratus

This unit was similor to thet sRown n‘.n"figure 5, exeept that 1% wae
deaiged for a magimum teroughpet of 6 1,5 /fir, ang thet s oil-eooling

Lose - 13 .
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Figure (%, - Proposed outer-catalyst converter {tube centers U3 mm. x 37.5 mm. )
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Figure 17, - & m.3}hr. outer-catalyst converter,
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Figure 19. - Het-water drum, hot water
circulation perp and 8 coybic meter
per hour outer-catalyst converter.

Figure 20. - Gemneral wiew of 100 cubia
meiarserhourpilotodant.



gystem wea repieced hy 4he wﬁ,te:-*-hc:colin.g; Eyatam shown in flzure 15, ™hia
gratem sonalsted o= 1 WL Ter heater, hot-wster circulation Tuap, hc__tuwater;
storase taplt, head exchenger in sonvorter, and = weber -supnly punp, Ths
bot weter that sevves ge o coolant 18 sicred inm ths Rot-water drum afior
the steem hzs esn ecndenmod =i the wetar has cooled i n zeat exchanger,
. The hot water in Hwe drunm circulates again hy bedng murped ulirough’ the eon-
verhor, : -

. It wae comaidersd dsalvenle tc dezizn this apparatis so thet i could
. be used with ipem catalrets as well as pobzlh catalyste, Zowsver, altheush
.8 hot-vater ressure of 10 or 23 atmosrferas waa EEuffiGiﬂ%ﬁ wien cobelt
«y tho uze of
b

catalyede were ueed at o reaction teapareture 1807 to 220Y ¢
Lemperoture between 230° ang 250% 8, would

-n 1ok citalyeis at thelr rescticn
- reguire a hot-vator ressure of 27 o ho atmcatheres, It was Pipally dew
coliler menatactured by the Eewaseki Eeevy Equip-

. cided bo wee the "Lament®
L Bont Manufachiring go, ; Biis compeny wes snirusted thersaf'ter with the cope
o BEMNetion oF mll aynthesls equipment, :

Exgert for the converter » 211 ths egwipment in th<a B
sonefricted so that it coild be adapted 4o
Thus, the heatsr acd. other auxiliary
ciretit wore coniucted to wiik

& maximm temperatire’ of 2620 (, _
Tty af g tens/lr, | receiving water at pressure of 50 kg, /om,2 end deliv-
»0ring it at 33 kg fom.2 Fizure 1o showe the conduruction of tho hot-water
ey which, having an Ine:d

e dizmater of 790 rm. end a thickmess of 3% nm,,
.. Wag ‘ernatructed by weldine. : S

FLErlpgent wag

the proposed 100-m,3fte, unit,

aquiprent ctmnected to the hct-wajger

ttand & mExitr gréssure of A0 kg, fom® apa
Tre hot-wator cireuwlating pumn had g sapa-

.Fhe econverter ; ZO0TRIning buben 235,54 m, XD, emnd 32 m=m, @.‘J_.‘,‘JJ,, was

cdesigned 4o hola £ ~ltore of catalyss, Tig 162 cooling tabss were designed
£, e spmeed ) Crdginally, en b2, 5imm, verdtend ceatsrs end 36.%-mm, hordzone
o bal contery, bui thig Bozaing was decregged 8lghtly In viaw of the resmlts

2, SBiained with the 10-m;3 e, o1l.seoieq comverter, S -

: ne of the AifPiculites Facsd in the consiruetion of thia cemjverter wag p
.38 1IN the previens Sxpevimert, that of making the dmetions of the cooling
Subes with the reactor wall sme-tight, & natural cuteome of pasking so meny

: feavy {vhes inte such e zwsll 22806,  The comgiruction of +he conyerter is
hhovn An Tigura 17, Ts ellmirmds g noceazity of cendtrueting 20 many
f2ale, the hends In ths cooling tubas wers eontained inslde the satalyet
TP2eE as before, 9ha "hends" ja the cooling ftubes wers not formed By
Botually bending the fubes, Inatesd, tlsy wers conztrusted, 25 shown in
f1gmeg i3, welding the fibes into CUig. A& & result, it was impossibls
Ao Baintain the ezact SFAcIng near ke Mhoot" sectlons of |he tuten, and
e rolume g oortaining these oot gng ¢f tibing wers cepareted from e

G TeEme ackei with catalyes by partiticne, Aa these artiticne were not
CBABatight, the flow of symtesis gas into the "rent-tube™ volumes yag Inhib-
¥ 1od oy Tilling them with dlatimececus corth, To evotd e8% lossea through
L M8 converter valla, the converser wes snelossd In en il bath maintained at
--1:}_19_ Teaction temperetieay, Flpwe 10 shows “he Lamond boiler; +he hot-trgtapr
ﬂ-t'wﬂ, hotveaber cirenlation

4 LTI, and converder wre ghovn in fignve 19,

-._|_3-.



Syathesis Overst ion

Comatruction of thiz ¢quipmant wegz cocnpletad 4n Sept_ember 1939_, ard 5
continuous 13-dev test wms made from Septenmter 22 ig Sotober 2, using tobalt-
a8 catalyst, Ths results were 2024, The operation wes essertigll trouble.:
free end 99.3 liters of synthoeis oii were produced from 1309,1 o,d ef Ers,
After reducing the catalyet ang establishing the dssired synthesis C OB 14§ o o0
80 Bverage gee contraction of S5kl percent mpd 80 0il yisld of 83 cm,3/p 3 or B
syntlssis gas wers obtained, Computed on the Yesls of effective 238 In the %
Taw syuthesis a2, ar 0il yield of 10b om, /m,3 ymg dbteined, This is COR- -
persbls to the value of 111 om.3/m.3 cbteined in twe laboratory, The tempep.

- B8turas of the veriqus mectienms of the converter during thre synthesic &re shyg
In table 5.  The mowimum temperature diffsrence 3p the catalyst bed wme 50 o
mAicating that the reacticq hezt was removed efficiantly and thet the coalipg
surfnce wae sdeguate, The fect thet the temperature of thie catalypat weg way
rore uniform than that in ths 1G-m.3/hr. oll-zosled outer catelyat comverter:
iz nao doutd, dus to the hizher therpel conduetivity of weter compared to oil,:

- 85 well as o0 the lerezer cuoling+surf&ca:c&fa.lyst-volume ratio, -

TABLE 5. - Distritutien of temperature in A ™, /b, Water-conled
Suter-caialysi convercer .

: © Water : ] -
Cporating tarperature, Tempereture of i Water Gas lcnr_:trac
tims, “. catalyst bed, % . Dressure,j flew t1ien
hours To Cut |Upper| Towsr] Side |Side |Middle kg, fem 2w 3 A, percemt
S I T F T 205.5|205,5 206 [305,5] 205 15,2 5.5 7.2
C O3 e [207.5]207.5 208 l2io (zip 209 | 208 17.0 5.5 5
20212 e12 T 15 sla12 (o8  je16 | arg 16,5 €1 | 5027
80 (.20 (210 i [212  j215,5i215 | 13 15,0 5.3 2.3 .
04 L., 020 foi0 p1p lpin jois 216, 1 212 | 8.0 5,8 SE,T .
128 ....j21050210 12 2l o5 [aps | aym 18,0 535 | ag.1 .
(A%2 LL... (810 12300 P2 e 21k 5i21h 3l 213 18,6 €.1 | s1,% .
176 .,00810 |20 211 Jelz |eik lerk 232 8.0 5,7 49,6 .
200,000 1220051210 o2 (212 [215 ipis 213 181 £,0 b6
22k ., ,[210,51210 |o12 (gl 21k 5121k 5| 210 18,1 k5 b8
288 .,.,.1812 {e1e ek |2 jppe 2ig | 214 1o |54+ g

Cenverter With 100-m.3 Aw. Througkpeut

In the preceding eEperiment, the D2ESSERry rolaticnshic betweer cooling-
tube smacing and eatalyvat volume was determined whep vzing water az the coclant.

Witk thiz Informet lon, the desizn ana censtrustion of o 100-m, 3 /o, water-coaled .

uter-catalyst converter was amproached, Tt wee expected that, becaus:_& the
LR water-cocled somverter contained a reletively larps ra%lo of surfeee
ared of the reactor wall top volume of eatalyst, vhen = much larger unit was

opsrate? In which this ratio wae smsller, more Interpal cooling would be

2t

¥

necessery to meintain a wniform catalyat -bed tempersivre, hecause the heat
lost through the reactop w2lls by conduction would be mreportimately leza,
Tests with the 100-m,3/hr, converter, however, showed tha® in this wnit cueh
wEE not the case,

k054 ' ~ 34 -
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Domgrivtion of Iquipmentd

-

. Figure €1 shows the orlgingl design for _the_lﬂﬂ—m.if-:-r. comverter, )
.. Wher econairuction wes kegqun, howsver, e few chenges wers @ade, and fizme 22
©.8howe & ascblon of the converter as 14 was astuwally ¢gonstrucied., The prin-
. ..eiple of tH1s dealen is the same as that of the 6-m.S/hr. comyertsr just

L sldeBeribad, Tho tuke gpecing in ke 10C-m,3 e, unit, however, wss somewhat
- TUgreator; 1,25% tooling tubes, maving en ineids Tiametsér of 23,6 m. end &
- omdslde dimmeter of 32 mm, , wera distributed o k2, 5-mm, vertioal cenbers
. and 36.8-mm. horizeatal gentora. "

. Figurs 20 chows & gsnsral view of the cil-gynthesis pilet planmit., The
Tlow sheet yor this pilet plent im showa in flgure 23, The produck gaeca.
amerging frof the reastiv wers etripped of napaffin; efter watsr cooling,
tho condenzed Diessl oil was seperated, and the 1izght-oil Jraction wea
adscrbed on sctlvated charcozl.” The tall zas waz then relsased to the -
slmosphere. The 1ightoil Practien was stripped fran the charcoal adeori-
tra wlih superhsated stesm, and the Faescue oroduct vas cocled with water.
to 7ield & sondensate {(greoline) and ncrcendensable hyrdarocarbonm (£4303)
ealled "gnzol.” A1l eouimient used in recovering the poduct gasss Trdn
the reactor wie doeigned and cchstrocted egpecielly for this unit, The
eollection of metera Tor msasuring the Tloye of the Tarous a8 BlreEms ig
shown in Tigurs 2%, - . : - L

" Exporimcntal Procsdurs; Gokalt Catelyat

Synthesie Gis Prevaration

- Froducticn of compenents, CO.and Bp. - The use of ccbelt eatalysts Pe-

- Quires a gmthesds gas with an 8500 ratlo of 231, and a gea of this' compo-
S1tlon cer be rerersd by miking the proger mroportions of water ges' and
Slectrolytic hyfrogen., 4 water-sne supply. of - 400 $0 300 m.23 fhr, wag avail-
2ble fron the Ossha Gags Towywhich weed 2 low-sulfur coks to mroducs = water
B3 siyilar to the fucl s cupplied to the Fyote Mhiversity Trom the Eve-Dar
plant. Tlestrolytic hydrogen was woduced in a Simoa-dype slsctrelyiis
0L vith a maximem cavacity of 23 m.os fe

Oreraticn of ihe witec-ges mroducer at high beinperatures wvas dfescrin.
yagecus for twe rensone.  Piraf, it favored the Formetion of trovhlcsome
*mke ='¢I_‘[n'£erﬂ,” and, second, the Fp:CU ratio of the resuilting gas required

&g.-‘{-the- eddition of Blscirolyilc Wydrogen (to mset the required dyntheals gag
Mroughput of 200 .3 e, beyond the capacity o the availsdle wnit, From
wese eonsiderations 1t wma decided o producs a watel g&9 . containing sbout
2 Percent COL - The gaa produccrs wews cperated Yrom B ouo 11 a.m. sod Tron
»B't-‘:-' 10 t.m, 4o yield shout SO0 m.3 of ras durimg sach 2 heur run; thisz e
¥R merulined with water and stored In a gesholder, The composition of water
828 thug ohteinsd ia shown 4n t=bls &; the Zed anadysss wore parylsd out in
g0 Modifier Oreat apperatud, snd the fulfur content was doberrminad by buraing
a2 famnle of +the =2, passing {he cembusticon mroducte indo 2oditm carbonste
Solution, end £ trating the remeining scilim carbonete with hydrochicric meid
3-"_?‘-.{55TM medhod), The hydrogen ohtainsd. From the elsetrolytiec ecoll was washed
“ih WOtsr end edorcd In a gasholder, Thie hydrogen wia ehout Uo,9 percent
Breo; the Impurity was assured o Ly oxyeen.
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TABIE- 6. - Cramcai=ion ol waler seg

b | Hoora s:‘noe[ Gas chimoaition, volyms Tereont
| |- shert o i b | I |T f i

Date, _! ExoET ’_-zne_n t | | I | | L
mexth/fGay;  mime | 1y 1002) B €O, ¥y o] m, ot
Tflg.....f T mom,-10 pom,] - i 9.8{&2'33.0;'{;5.2;'1.? 7.1]

EG.....f Yoa.m, =31 e.m.[ - IlEI.E- .G[jL‘.E!IT.} _|2,5 5_-.5-3]
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ool Gam2i am,) ke | 8,0] .2 38.2 56,2, 1 7 5

Zeeens | 3 pum-10 3w, 55-60 | 8.51 .2 36.;;&5.8{1.&! £.o!

Sivaenn [ D B, -12 mom T3 9.2 .1[3.#.?!&6_'4'2.917.6! |

Bevaes ! 8P, 30 pom. | fn AL POTE 335,00k L3 g dal 7505

Prevnd | SEml am, ] gsley | 571 -2135.0 3 ei1algls) ) 2| 11,57

Freiis £ pam10 nom,| 106208 | 6L 2lspalsiale 5 0l e

23eenea |10 2.7, - noon Qaasm _I 9.5' .D"ﬂh.;‘}ll}?.éii.1| ’;’_.3i l;‘;.",f,l 1.0

Becner| 8 pane-16 pomy| 230u152 | 2.9] .1]3:',-.6;&?.?-]2.%— €.5 17.5) 1.7

2Cuvindd G aum.11 &, [ 1h3-3h% G )zh.a _!brﬁ.grza.ﬁ,-é.al 12,17 1o)1

Phiivea| & vy, an Lumey  Ishelss | E-,-BII .2‘313.'4iL:8.GJl.8]5.S' lG.lJ 12,9

2Taiens! G A, .11 A, 267-169 ] £.8] .o 3507527 22,1 3.5

27erend | & pamy-10 pom, | 175-1A0 |: 5.0 L2fab,gley 51 8l 5 i) 15,6 12.¢

EC:-[ Zoe.m,-11 a,m, 121-363 ) g4 2 34.£+|L-.6.9,!1.J.|?.8 J'_:'_,E__I,l'll.h

Ravene | 2 pom..10 Lure, | E4E_zob i 5.9] .2 35.1_;':.?_.3;!1.1;i LT l'G.Ej 0.1

2eeeacd Samll am, | f1sp1; | 5.51 ,2i35.1 .31 1.317.0]- 11,61 11,

Bevean] B am-10 an,l 2ziang | 5.8 o 3#-.‘+|'—:£.9:1.E|6.9j 13.7] 3301

30 deee 9 em, 27 az,| p3gsy) - [ 9.k -2 35.51.-5:.#!1.5[ 6.5 1171 30,0

30 i 8 £, 210 pom, 25023 | SeEl e 3!;.9_£.L-i?.5|'1.8,! 7.1l 1057 9L

Secnel9amilamt 2fels |5 ‘2 3551565 10,60 7,1) 1200 15y

e & DamL 10 P 27h276. fo.c .2;3#.31'1;?.?[1:_.5" Gy 10.1[ 5.8
8/l eiee.] 9 8m -11 a.n, [ 2Ay-2dg /8.8 .113§.9!IL£.3i1.6|T.3i i1,5; 10,b

Loveeis [ 8 puma-10 pom, 223-300 8.8 .1]3?}.4|‘?‘.6f1.5|5.5j worliea

Zevune ] G 2,10 f.m. ] 311.313 [9.2 .E"31.=.'?;'J.l',7".;?ll.-*-l-f6.5- 13.1-,] 1.7

Saveand | 8 Tam. 10 Poa,. | IRsazol F.31 .8 3:3.1_!&6_?4[1.8 ?.2! 211 10,9

S N L B6.8;10]8’t 2al3] g

Furitisaticn anag Tormiation: of Bvathesic gas, - The waer zas from the ~_
gasholder Wae 33rnT scribbed To romove hydrogen BUIfids ina "wet" grocess and
wae than pasacs throvgh 2 ary desulfurize i gm chambor eontaining ircny hydrezide:
=nd sawdupt, Figure 25 ghors {he wet-tyoo zae desdTirizar 1wi+h the smahing
tover om the lepy and the towsr for rezotivating ths Aegnlfngd nip, solutiog
o1 the right, o thic mriried WATOT s woa thon added'enough elgetroiysic
“hudrogen to Field 100 cublc meteps ol Bynthosig g52 er hour conteininy about
8L.5 poreent of cerbon menaxideg ensd bydrogen in 2 vatic of L to 2, Tmig £as
Blztre was then fovgs s LY Teang of g blover; thromsh ap oven designsd 4o
TOOVEe trgenic salfur fage 100 cubic mebers of g8 par howr (Pig, 28}, Ac
BNV in £igupe g7, city (fuel) B28 was burhed 45 g Turndce, end tHe Not s
buzticn gassa weves blown over the e, Imside thig UVED, TE® organie sulfur
In the syuthesis g88 vaas "Tizsé" by abhout 800 Itters of teblots compoend cf
20 pereent COLReY, 3 peroon: oatstic so0ds, ana TT peraemt U etonarenys earth ,

hozs - 15 -




fgure 28. - Apparatas Far rermoving arganic sulfur,
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Figure 27. -~ Qiagram of sul fur-removai system
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Figure 28, - Temperature distribu-
tion in su!fur-removal furnace.



E-nhlgbiy sontents of the Swerging symthesis gza; g graduel increaso in the

. synthesis gas wae deteraiced Ty cenverting 1% to berdium aulfate,

ﬁ;;- vhich suzplanted the origine=l irem compound {lwmasss-copper hydrcxide-alkali}

“ used Por this mtrpoze, The ofmpound in vae bogaesaed the advantmpgs that, un-
like the iren cormdound, it did rot promote Blie-reacticns at high tempsratires,
T reaulting in the decemzosition of carbin mepexide and the troduction of Iethans,
C L By ad;]uﬂting the blower end the afris ayeteln, & stable tempovatuve dfstriby.

J tion of 2007 o 2200 o, wms inally eatablizhed taroughont the mz3s of snlfir-
Tizing pellets: this emperzfure ddstridetion is shown In figure 28, Thae
~ temperaturcs =xistlng at »oints 1.40 5 (fig. 28} and the inlet ang outlet
,emperatires of the pombustion Prodnets ars 1Mgtzd in whle ¥ zlong with the

1atiar can be chaerved. The smali ameunt of sulfur prezent in the emerging

>, TARLR 7. - Remaval of Greanie sulfvr fpom ayntizgls Y-
k¥ Hopee ! o : Falfwe
pince Temperatire dlstritutiop eoitend of
alzrt o ' in oven, o, | emorging
. axpori- [ Combustion : . 1. synthesis
. Date, Hond mrodieba Thormocouples ™ - | =aa
-menth/aay T 37 [ Tniet 0nief T o 3105 em, /100 m, 3
9. 0. 2 am, a.m, - 233 1195 fasz|egd|srcisiglalh 0,07
LLED e lam,-5 am, ¢ . 246 ooy | o30 serdong| snhiong |- <07
2loeis iMidnight-k a.m, | 14.18 250 | 2066 ez 233|2E7IoRTia06 |- 49
A iee| 1 a,m,-5 a,m, 35-43 240 | zoh 233 233123 28682 . ,1m
TZenian| 1 am.5 amw, E3-07 2L0 | 23 233|233 2211 230|230 7
ol B am-€ am, | ABge | oorg | 200 |233)e33|eo7f o30iang .15
E54uasn 11 pum,-10 a,m, [133-144 | o | 157 1815|213 pun] 2ls 21z | .09
RE.ecr i 120 2,126 =,m, 156-18h | 226 | 108 [eacleis 213( 200 pgp ¢ 5
C T erens (1 pum.-6 a1, [181-153 230 ¢ 205 {eiffoeo 215 215l a0s .16
728,000,120 Tum-5 m.w, 20h.211 1 206 | 108 | 216 216[2131 210|205 | )
S2veae |10 pam, b aum, [208.238 230 ¢ 198 1218|219[212) 21y 205 | .20
= 300120 Dume-7 aLm, (2Ro2E] 230 | 197 |=iyizigloag 213206, ,mo
P 3 ees 110 £ -8 am, eTE-28k | o3gp 197 J2ivlzig[e10{ p1kioon .30
FOB T vl |20 pam, - Sel. 1300-308 1 230 | 157 |e17ieio) 210|213 eml .3h
i Feeiea, Midnignt-6 A v s |326-332 | 230 ¢ 104 21852-2{),213|215i996; V25

2 E¢e Pigoe ¥,

. The metivity of the polleted catalyat (10000:100m;5TH0, 2,50 Og :125
2 atonsce s sarth}, 060 Iiteps of which was uzed in SAPST I l%, Wag
determinag Ly teeting din an sloctrically heated Peaoior with 2Hs 100 SR8,

hose - A7 -

The festing comddtigns Ind the eralyses of 4he product sre listed in tzhle &,




TABLE 8. -~ Qeteliyzg activity

(Cetalyst componttion = 1DDU0:1CH:u:=ThC9:E-.53395:125 totonaseoua sm:thj

- ] | .!_ { Tiguig preductis,
{onvar-or Length of | gas ] ni, /m,3 :
lemperztire, Orerating|operation s | Tlow, |Contraction, ]Diasel] Goao-Togay

“o. periode | houvs l1./hr, | tsrcent H,0 ol | line | &

200, .0 eu.s.. | 17,0 (3.8 26,5 3 9 [ 18

200, ...s,.. & 20,0 §,1 76T ti1ge | & | g

200 e, b 23,0 3.9 7345 ATs 69 o3

200 et eensn 4 23,0 0 63,6 | 180 £l 55

2l i rirena 1 7.0 3,9 T5.3 153 b a3 31

L e 0.0 Pi3,.5 Ta.5 140 7501 s
210, 3 3.0 3.9 k.6 173 HE 55 ]

L k 23,0 3.0 TE, B 145 43 £0

2l vy aa, = 23,0 3.9 58,8 IEL | Ls 53

Sl s iaenan & =3.0 3.5 o6 1hi 35 M
2104inuiina. 7 LERL0 b,z 60,0 336 3f 53

e I S 17,0 3.7 Ta.6 ] 146 37 e

A T g - T 20,0 k.o 7.9 I8 Lo &

AL P 3 250 Lo Teuk e | b 1os7
Bynthssin Dpal"&tii}g l} i
At 8100 A, on July i7, the mroducticn eng Purificatlon of cynthcais ged

WAs begun, A% 2:00 a,m, o, July 18 when the crenie guliy comient was legs o
Wmn 6u07 gu, 100 m. | o Grhthesls gos, the Lamont beiler wag Elsced In oper-
avion o PUDTly heat to the rasation Turnace, and gynthssis gaa wan dirveprod i
through the firnses =23 g voleeity of 100 m,3 /e, Tha temperature of the. cetac O
Lret charse wag Taisod glewly wtil, at 10;90 s.m, on duly i3, an Epmarand.
catbraction of IV,8 wercent ves cetained =t 1559 0, 12 howrs later en tpper- %
s0% condrnotion of 21,5 meresnt wam chtainsd ac 200% 2., and, after 8 sipme.
gent 12-hour sericd, 44,2 seresnt ¥as cbtzined at 2019 ¢, mis poins (1¢:00
Sefi., Juiy 20) was comsicared as 2000 $imo in computing the cpcratings iifs of .
the SETOrimeat; 202 1, of wAter, %1, of THesal e3l, 33 1, oF geeolire, 17 m,3
o gaecoos hydrocarbons, and ng keraffin heving beon roduesd up e thig tine, -
the reduction of the catalyet was now considared compledls,

vorter fempsretneg ena the mae flew. rats Were messured svary hour; gamries of 24
the simthenig g83 end the grascus hydrogarbon Eroducts were tejren Tor zneliysis -3
gvory I hours, ‘Tho instramsnt pansl Ts angp : Plgare 26, Mg activated
cerbon-adsorption Chombers wore alternated avgry 2b hovrs, ard the adzgrbed
roducts yers Teteversd. At fhis fima the total mroeductign WEa Coterminad,
Teraliina, Digssl ¢ll, ond gasclines wope storsd in ke, snd gracl wms
etored in = #malicldor,

From thizs poing o, diring the Aberating life of the BR2tvinent, the con-

kose - I8 -
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Figure 23. - Instrupant panel.



Flgure 30. - Water-canled reactars:s

farsground, § cobie meter
ser hour units vackgraund, o0 cubicreter par hoor
unii.
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