Dlocussion of Rosults

e highest yiclds in eaperiment 1T were chteined during the firast 43
to T2 Jeurs, when ths tooperature of the siesm entering the heativg jacket
of the convertor wes 20310 g o200 C.; 2 maxiomm yleid of 30 1.of wator ang
182 l.of primery ligoig roduct {oll) was ohbdainad, During the fivst ok
hovrs o oeratlion, an epperent conirasiion of 53,0 Psrcent wza obaerved with
e oroducticon per cuble meter of Syathesie gas of 160 =1, of water s 103 mz,
of 0il, end 10 2,07 gagol; ecrrecticn fex the inerts contond of the aynthszis
§RE EiVes &l aciual comiractisn of 60,5 vercont and carreepcaling moduct
Talues of 180 ¢1, of wabir, 120 ml, of i1, and 12 1, o gE20k per cuhie
Boter of mwe 205:100 wasz, The Sativity of the pileteplant catalyst, therc.
Tore, wae sompershie o %he setivities Tound in emall, bench-geals testz,
To goopennets fop g sredus) loss fa catalyst activigy, ina clperating temzer-
ature wae zradielly *nepiaved Teom 2060 te 215% C.; after sontinugas s TEat I
tlon £or 335 hours, extoriment 17 was termirated, Photegrarks of ths'repctor
it 2uxdliaey eqwiment ore ehowm in Tigowre ab, 3I,and 33,

The resnits of experivent IY mre 1izted in twhle 2, For sp é.‘-mrag;@
Epparent contraction oF nA,o percent, 2 total profucticn of b,%85 1, of woter y
252 1, of paraifin hydrecerbona, 530 1, of Diesel oil, and 1,472 1, of grzoling
{2,225 1. todal 611} were ohinincd foom £6,720 m.3 e Emtliczin ges, Celou-
Clationa ehgwed Ahat the astval aymties’a 928 velocity dmring {ike experiment
¢ Averased ondy 75,6 w3 e, insteed of tpe 360 m.3 /e, indseated By the ima=
. meter, fThe fifference By b athdhited to poter calivration, temperativs :

- end mresouve correctlionsz, ond toe s eliput g28 leak 2t ha cxid of the blRror,
Ineorpwﬂting Wiz corrastion into Pevicus caloulations Wrodueed the fellow-
ng sversgc results 27 cuhiz me ey of synthasis gas,
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I Synthesis gas inlet
2 Outlet tor product gas ang unreacted synthesis gos
3 Cooling water distributor
4 Cooling tubes
5 Hot water- collector
5] Heating jacket
7 Qutlet from heating jacket
8 Inlet to heating jocket
9 Thermocoupie tubes

E 10 Cooling tube return bends

o Points 1,2,3,4,5,6,7and 8 designate points of femperature
.. Measyrement,

Figure 33. - Thermocoup e iocations in Mo m, 3,-"hr. converter,



S:mthesis gas contalning 15.% percent inmsrt gases: 146G =l
vatsre, €5 ml, oil, 7 1. gasol.

Inert-fras syntassic gas: 196 =1, water, 102 ml, oil, © 1,

graok,

The hesting schadule for ths catelyst bsd iz showr in tebple 10, and

pimiliamecns tomperatiras at Aiffsrent zointe in the heating jackst =1s
lizted in tadlc 11 (s Iocaiion of thoss points s shcwn in Iimure 237

Loss
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TARIE 11, - Temperoturs distribution in converter

Diztoncs fz-ﬂo_? center, TH_ Yointa of temperatre e B UreRani B/
[ 3y Lo &

1 A TF [
)
et | 226 Lath [aoss | ag.s 21h.5 | 11,5
Wi 217 211,35 ]'2.11.5 215 o5 [ 2125
EG........,............... 215.5 | alp 212.5 [ 2ik,5 | a3k 5 211.5
B e, 215.5 | 235 | e33 Rl 2,5 | 2135
‘}J-C-‘--l-l--f--qt-tn-..oo-ui 215-5 J '{'flh- IEJ.S ..I Eﬁ'h-"__} El';!:-..fr 212
50.................,...... ] 215.5 | 211,35 | 213 j £l s 213.5 | 21k,
af  Tempereturca meacured =t

polnts movirge Wrogresslvely Trom centor Bisrard
ve0ling coil bends (mee Tig. 1),
b/ Diowihution o’ thermocourle loeations shown In Tigyrs 1

“WEe onalyess of szmples of Hie £2a0cus mixture leaving {xe CONTerLor

are llated in tobles 12 an? 13 ang irdicete thet the eZtent of side resotions
haw boen wmall, Compariacn of theee resndits vith those of small, honeh-scals
exparizentn ({able 14) indicatss thet more brsiefactory Helds arg odhained
In a lewse-pcais operatic, Tacas restlis snggeat that SUEmRsreisl gimtheaip
o giaoling and bydrocarbon ollg fren carbon Amexido spa hydrogen will he
slocaszfl,
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Tre Tollowing preveriiss of doe gararfin hydrecarbons, Diesel oil, and -
peaolics were dsvermined: specife gravity, refrachive ivdsy, iodlne number,
distiliaticn eurve, and zcldity, The acidity of the water frecgtlion elsc wes
dgtsriinsd. These reaultis are zmresentsd n ahle 23,

Experizmsntal Zrcoosdura; ITrom Catalyst

gynthenis Gas Pressration

Producticn of comporents, 00 =rd He, - A symthesia gas almilsr in com-
positicn Lo that uscd in axperiment IV, employing a cobalt catelyst, wes used
in tkiz fesd. A compoelticon of zpproximsiely £Bq:1C0 wza raindainad; thus,
i%s producticon was vory eimiler io that woviouwsly deseribed, A laroe ner-
sentogo of uesfsl sas {00 and Ho} was cbtained by rreporipg o water-ges of
aprroximately 37 pereent 00 {4e3les 15}, The hydrogsn sulfids was removed,
and eluctrolytic hydrogen wes added 20 mroduss & Eo:CQ ratio of abont 1.9:1
8% 2 wroducticn leval off 100 subic meters nsr hour., Teing thls procsdure,
the averczs wmount of useful zoe in the synikesia zas wes 87,2 percent.

_ Oraenic suliur was romoved from the mixed sas by peesing the gas at 2150
o 230Y O, over a Tlnipg sgent comeizding of 500 liters of cosper hydrotids,
d*atemacecue carth, and caustic zode {20 percent copysr mnd 3 werocent causiic
soda}, which kad bzen eaved from experimend 7, ard trner passing £4 over %00
“liters of luwmaszac (20 percent copgor kydroxide end 10 porcsnt ecdii cerbon-
Taie), The results cbiained by this prificaticn treatment ars 1isted in
“otEbls 3T end spow theid $#roughout the whole test the sulfur ceckent of the
purified symthesls gas waa leas than 0.8 gm. /100 w3, Ths eguipment, mec-
ceduras, and resulis pertaining to the manuTectre and purifizailon of the
mtheaiz gng used In this exserinert ore very similer to t5.8uss Aeecrihed
sxperiment 17,
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TARLE 1Y, - Bamoval of ovgsnic aulfur Tror synthszin sas

T

Terict over which gasz E Temoeraturs of !Tcngvrature oF [Total sulfur Zontery
Cegemple wae bakon, gynthesia ges, O0,| parifier bed,; of nrified =3,
Bour since siart of run| Sntranes TTrid %, fm. f00 m, 3
20- 3h, 230 =03 =10-230 0.03

__':)D- 55‘*“!'.!#-0!1*#' 230 -2':5 ElO'EBG 'GF

e B i rieiina, 230 205 £10-230 L13

e L £30 20w M1O-250 .05

L [ 230 F 203 230230 08

AL 3} 208 210-230 _ L10

N i 230 =l £210.230 CF

10 B0, e i nannn, 230 205 210-F30 .11
Rk B 230 205 210-230 .12
LRl e 230 =005 2302870 .10
T =Ty e £30 205 £10-230 10
AR i riaraes 230 el 210230 T
Gt 23d 205 210-230 e23
R L 230 aley 21l0-250 V15
Lo =R 1 N 230 1205 210-230 L35
30639 et sa e raennanas 2ko 210 215-230 .10
Ll&-h&iéf.............. 2h0- il 215-230 e
e T Rk 210 215-230 .11
S A e se i ernarennrass 2L PEG 218-230 Mo
et PO 20 1210 £15-530 L5
§G3"5I:—?Oll‘lﬂll'iiiirtli [N Y E-EI-C El{} 215*-233 .EI:}
et 244G 'nyg 215230 L1h
L 2ho 210 223230 .13
el i TR clg 219 215-230 L1k
G401 e as trrmrerrannnn 240 1810 215-230 1

e 240 210 ¢ Pl5.230 .13

8/ Only ono veluo teken; othor resuldts arc avierages of tfwo valyues,

L mlvtare of o catalyeta of difFerent COopper vontents wez uszed, These
catalyets wors made in 32-1itsr katches, and the bateh activitics wors deter-
mined, ‘thsse batohes wors biendod to form cataliyet o average activity, and
is mixturs was placed In toe convorter for tho test, s detsrminstivn of
the activity of this mixzed catalyet ia shown dn table 14,

TADEE 16, - Determineticr of catalyst sotivity

{Cetalyet compesition = 333 1, of 100Fe:25Cu ;2.
20H B0 : 4EA00, 1 12y Elegelgubr + 420 1. of 20 ;

E.;cu:am,mgcﬁgﬂa%
Lo

teMparatirs =

Pkicatole MG PP lesslguht; renctoe

C.; sinthests gac = Eha :100)

I.‘!.il'l‘

A7

1 Crerating Liguid hydrosarbon roducta,

Goe flow, tims, Comtraction, oo, fm,-
___Days 1, /hr, hours percent Disesl oil |Zasoline T iotal
Yevirnensn 3.8 29 29.5 23,8 - L1,6 | 70.4
EiIil'ifll ’-[-.E 23 32.5 ?E.E JI-T.ﬁ 83,?
Jesercsens! L3 235 £0.5 b3.5 ha e [ 65k
3.7 G20

40,5 51,04 | 45.6
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i ared In o ilke totel Life of e fesht. The cha.ract...r:aulcﬂ oz the mroduct cil
Tere wrogsmed ‘n otabls 23, : L i

S:.’“ltﬂc.:—iﬂ G::e*'at._ oo

;A ra;..ction temparatore of 2RO ¢, was E.:iti i:[_‘,&'t-‘.:r.l tt::' ba thea hesu I.Df
iron catalysia, bud, by incrseeing the hydrogen content of 428 synihealis
geB, it waa ooazinle to lower the reacticn lemperature to E3RVL., the
terperature generaliy smploysd din this czpsriment, A desoresre of catalyst
azEivity zlec was expected with time, and & comacnmtting inereass in ra-
sodlon femiperature was therefowre cntizipatsd; however, aotual CP“‘I‘E"ZIL.,"_‘L at
theze gxpurimental conditicns resulisd in very little d.;m:'cpso in activity,
and it wa¥ possible to maintain 2 comstant rsaction tempsrature; To cbserve
the offeel of increased tsmperature, however, 238° 0, wes Meintaincd for the
lagt 5 Jmrs of the tesot, Lon o

Carten diexide iz Formed when from cetslysts sre wsed in the s:ﬂ*t_ tesid,
erid- the uss ci & ajmtheais ges of the ssme oompositien 23 the usage ratic
(0.53,:100) rosults in o vory shor$ cedalyst iife, Using & lergc excess of
h_.fd.r'u{fen -however, although 1% decresses the reaction temperaturs apd in-
areznes the o t...l,;st. life, i3 wmscenomical., A comprenise of theas points
was. found in a syathcosis gas retic of 2H,:000 at & throwghoat of 1000w 3 /hr,
xu_ﬂDDI“I'“DtGC; Dor temperaiire and sressurs), which gorrospendsd to algad
space valocity of 100 {eafaiyst volume = 970 1.7, ) S

- Flart opération was begun on Octochor T, Aftsr the 'Ecl"l];urﬂ'turﬁ of trie
orgenic-sulfur remocver rsechsd the cporating vpolnt, synthesis gas wes rasasd
igte ihe dopverter, and ihke converter tempereaiurs was Taﬂhﬂll}' Increassd.
By Oct ober 8, the hot. wateyr tomperaturs had reached 233° C., end BS-psreent
rcntrs.ct“ o was achisved, fndiciting thet thé rzduction of the caual"st had
heen completed, On the j,i:h of Oetober  starting et 10 of Ioclf v:a.“ca, were
rscordod overy Sk kours muil 3 2 clOr-:L Gabober 23, when = ‘h“‘lﬂ.bﬂ. ﬂ-: otion
F e poglin -z pipe in the cenvertor devel oped = leak, allowing ihs ot waier
to leax into the synihesie chamber and interruptod L}"s =un. FEspairs were -
r.:c:mplated the merning of -Lotlbsr 27, end the toad was resmed; by L o'¢lock
o Ogtobel 28, normal crarating conditions were remainsd. The teost contirued
In & nermal mapner wt & onatard temperature oF 2359 €. with rno eipnificant

degronae in catalyst astivity. During the last 3 dayz of tho sxperiment, the
opsrating temperatures wes _m:r ased to 2387 ¢, to chisrve mny offset on ayn-
theais o*»sra“‘.u.m‘.s. The results of this experinent =re siven in teble 3% apnd

Fizuree 3l and 35. The verietion in tcmrporeture thrvcughout the -::ﬂ.Lalfst pad

iz showvn in teble 20, =nd tho ghengs in g.,t:a coapositicsn as a “EBI'I."t of ikhe
Lo #mileais roactlon 1z given in tabls 21, A= a reference; the resulis’ obe-
JIairod Trom & small-zcals exporinmond: (Tl rats = 1 1, ;’lh } 29 tng s dame
synthoaia ;_.,ELS cotncaition evs piven m tabla 22, I =li g ased, ODsh 3.*:.413

tims was compited Trom Johcber 9, and Jotcher 25, 26, and 27 ‘w::re not fiz-
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TARLE 22. - Zmsll-zeals tast under compsrable conditions

Smikesie gng Liguid wroducts _
: Ternera- O orrag - |Diesel Tight]
J : o T 4
CTey - | otre; Flov | 42on, kit ;H7J oil, | oil,r Ro%el G_}aj
dsye i %o, L. fir, percent | ce.| oo, . 30/ | g, | ee. iee. [oe, Mo,
vemesraen] 235 | 92,5 52,3 |o, o S P T

26
=7

M BQ 00 0 Aa o
.r:'-li--r:'w_m.[.“.-w

Teirsanaen | 235 G2, 01 4,2
3---_- LECEUN B ) 235 96.5 33'5

73
7

-
=

* = ¥ a2 g a -

2.5

3.5 1 3 T

2,8 h 1
O S <t v G009, 25,0 24 P23 shkleg] oy
Seeevesses| B35 00500 32.m lal 25 ok luolsn| &
Bureddieay ! 235 GE,2 - 3l . £ b2.7 | 3.8 16.5) &
O 23T 190,90 35.2 | g, oy C 2,0 3.5 A0 £y
S| 235 56,8 1 35,8 2.5 26 i2l5 135 bl cm
Y Tavreerees 239 53,970 380k | 1,1 im c2e9 | ALY [SiEE T T
10 ieeseaes |0 235 l.l ] 35.80 . L,2 13 i 2.4 13,8 62| &
Pl o235 - 18706 33,7 L. P19 138 05,7 &
S 2eienn 235 vely i o3ie 3B 1 2.2 3g|En| &
B & T 235 ke | 35,8 |1,z 13 g 2.9 (5,8 &1
Wrecaersaa 235 Balor 3k oo el i 2.0 a2 l6.8] 73
5 TR 235 85,7 | 32.4 1.0l a2 = h.i (6.4 71
0t Wiieveees | 235 2.5 ¢ 31,3 ) .5 o L 242 | 3.7 [B.3| 8L
) CEEPT PR B =TT - |2.31 b L2 13,815,820 4
< £ 3.2 32,7 1a.ef 2L i 1.2 | 3.% |5.2 37.
R A 2.l | 2.9 2.4 zs | 2.0 3.k i5 ks 59
I R IE R T B P P S S | 3.7 58] @
- DO 235 90,40 ¢+ 31,5 |1,1 )= 2.0 | 3.9 :5,9 55
- 235 .7 1 38,0 11,2 13 C L2 | 3,7 [5.6 £l
. {{23'!.'1!-.9!' 233 QO.D 33'0 '1‘2 13 { 1'5 3!8 5'3! 59
Bheaiiil 238 8o | 335 11,20 b 1.9 | 5.7 |5.8] &
.._2_54-_115111- 238 | _@45 ‘31-9 |l-l lE | l.h‘ | ‘r'-l'iE |_r,-:||6=| ED

:;?ﬁﬁ_ Per cubic meter of sinthesig GES.

TAPIR 23, - fherecsdorization of préducta

A. Fhyeiczl characteriatize of rodued oil

- ' Bpscific | Refrachive :
amravity, [ irdex 5 | Total
. 420 ! pile) Icdins mpdd
Comotians Ly | I ey Lumbor
Gasoline, v iiiiiiiiint 06895 | L.zggo 1 167 - -
Diemel oiliusversnn.,, LT52E ‘ i,k27n 60 -
Total cil.............i G200 Lhirs 108 £ 0,10

Ly
wWn




B, Distiliatiom or Product oil

i Disyilleti R
initiz1] I ] J ! Erg ﬂ_’ﬂnrcort distilied o5
gmponert b.p. | 109 Sod | gow 95% | pointl 350cn, | eonon % .
Gazolineiw., [~ Lo.o 1. 8.0 o2 Bl 28k 5Tis ]mo.fﬂ 9;. o0 ____I__,;_,_T._E_ I ;
Bleasl oil..|  Trz.g | 15k 0 205.0] 2k2 ,}[252 [ 16 e
Tetal mm...l 33.2 [ 68.1 155 0/ 278 5] J 4; 2 [ 1.3 |
C. .fnalvsis {Jf gagol
. ; Commo ftion, Tercent RN
ime, . ' cae I Oy oo [RRS o +_f| chg_fl S ﬂf‘ R
ii_@.._‘?'ﬁ . ) , .r P
l.?p-i.t-------r...,..... |':|-3 G‘.? 3.3- E_g’.lé T.ﬁ .! 5.5 3'. B
lE..+........~...... L1251 6,5 210 &7 T ] 1.2 1y
_"_rt-l#l"-ltl!l\'lltl-!. ';6 I|-| -In.L 2'“' 3 1 EE,E 5.‘% | El,? e |'l;6'_

gf Letermined-hy ads urption Witk silver Perranganate .

y,/ Ietereiced by use o= 85 rercent B30,

.;- . Determined - by adding 102-;E“cunu HESér;; o 2.A pe»rc:enr, Agadin, .
Leterrined ty ban'l;' methed

Discuassion oF ms siits

£ sindy of the product Field data reveals thai o mayimup oil p“aauc’l:ion g
{189 1./:y: 83 on /) was reached on the sapend d=y. The dalli & EVorage
Fizld of ail thepn uecreased 5lowly, HBalsing the reaection temperatubé +5 |
23587 ¢, during. the last = dera Ilmduc‘*ﬂ. Ao Bimificant frorense 4y oil ¥ie
ihess results indicete thg.’r o co*Etﬂ,.m. vrermting Lemmorstive My V¢ feintatned
for at leset a-month when 3ren catalyals arc ussd under tapse cond £ iome “in'd
the nyirosarbton eynthezis., No ccnclusioms mey be dravmn corcerning cc.tﬁust
e, specific loss of acti Vity, or effect of oporatin Ing temverature.wit thout F
additional dats end longer tesis, Bocause 1t 1g imown, 1‘13‘[-.-&-.-9"", that iren
catelyets ey bE used sTiectively at tempereturcs wp to o £09 C., 5% my be
rodicted that, by slowly incpes GBing the arerating temnemtn% e necded
a catalyat ‘1fe long erﬂaugi ey satlsff eooncnio re041x-e'r.en+s oo r:m=rci'l-1
2Cals may be ghie 2insd,

F
u
|

I order to increase the catalyst lire, a synthssis gus nr::-n.,;iqj,nﬂ about
El-Te 120 wae usged, ﬁccormnbl;y, ahout 57 ;er\,wnt He remained Io the ur-:uﬂuc"‘
£43, Wasreas steut oo Fereeny of the €5 was cons Umed, leaving only 2 4y &
perr-en.... o' €0 In the opoduct a5, . kKo sioniTicant incnnase in 011 produciion -
=¥ La oh‘caine4 *nﬁremve unsil & synihagis gag richeér In oo iz used. The
usage ratic uc-fa.red in this eXreriment wog 0 FHo s100 {see table 21).

Figere 23 shows that altheough +he Cu,j content of the arnthesia gag 15
suell iYL qmrdag Inversaly wiih the yield of o1 Fubsequantly obtaipned, This
Hlggests the advisability of pemovs g 005 fror the s,mtheﬁs E:ae ‘beTore it
paszes throngh the reactor,
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Figure 36. - Co and Fe catalysts: experimental results.



When tne mrodugtlion of ofl is C'-":I_c“la,‘r..ea o the bazis of the ussful ges
{the =zum of G0 + Rp) in the amthes: gas mizivre (exciuding GOy, Oy, and
Fol, a valuo of Sh.s am. 3/m3 o userul e 13 optainsd, wkich comperes -
iy with thess resilie obiasned - in 8 lshoratory -EC"lu c.uz:T'L*"1 nwy homt,
2ge oil *chrzu tion for tie entirs toet iz 75 cm, /11 = of inlsf gms;

vl thﬂ "::n..s*ﬁ of useral gas, thia velus Deecmes 35 g, ;“1 d. on the ‘Iza,a'-'s
of & cullic meter cf CL 4 He copes wmad, the o0l produciiom in 160 oo, fm
-f.his cormnares Pevorahls m‘im th= ﬂc““erpv:rm Lg value { 25 e, ~,.f'-.

wrd for cohslt cavalyata,

-

shows that OF perrant of 2he toizl oil prcd,csd distilim

& porcent of the tebal oll waz obtaired as = dist: *ilmte ap
& "ntsrcasing to acte ths nd Igh degras of ouraticn; than iz,
the fodirs momter of the tokal o1l 44 T_ij end thet of the 1ight oil S*mrpnd
Traa ths soiivs carber sdgcriors wag 157, Figra 3% ‘ndicates o Tendener
towerd lowor _mnl seular-wsizht wrodvcte a5 the = "101 213 wrogreases. (lompar-
fagn of tre srvthesis cil Tormed by k,o‘.':lzl,J.n satalyed to that fermed By Irom
m,l:tﬂ" % oniews thal the lstter Laas o lotims urseturatss condfent ang lergar
aobion of nizh-Tod ling conatituents.

By
t

O""':J’:.'."_‘J.S'Z}'“l of the rrqu::a of the twe-weck fast (July 16h0} with covals
uqust Witk those chiained From iron o cetalyate le glven In tsbis 2L ara
sloticd fn Moure a8,

LB, - Comperisen of posulis ohiain=g dirdng syoihead s

AT
with conelit snd with Iron cedalyets
—_ Cobalh Trom
G‘;ﬁ:‘."ﬂtilx_ﬁ L-J-mfh llal}--llull-i.i'-rl--ltlpll'li--!-l:-llil-l--l-il"l lL‘L E::'
) _+-i"—"'-|.. ‘Q'& l"}"“ral‘u_._ %. L e T T EI:E 235
-IZ'—T'-a--I tsm_bﬁfﬂtvra EID- Ii‘-l-!IlIfi-lli;Iillt"i;i'I Ell 238
Total smocunt of qut_e I8 pag used, m.3.......... -EE,?F.S-' iﬁG,Ei;S

Tweal ofl formed;

_.l'l:arua,..................................... 2258 - kegs
\.,_,./"“'_ i Eruhiesdia Fgg,._._‘_,,‘.__,‘_”‘. el T
se, fa 1.5 of uaeful A e et v inas ramrrnnnsanas 102 &
024 /I3 68 Tpb00 ToR0bE e s s e rnsynrsn S 180
When 4he dron catalyat vag used : 'bcra.bcf' ~Betle teats, no formation
TO weter wes acticed; in a large-scile ueat duch sa tnis, howsver, water w 5

detecied in the Jrocus '« Mercover, in thid tsgt, “C“D“_h 7 odug wo the Lo

eaction Somr PeTatire, mmaal -arm-:.tmn wad amall, EVaras 15; S 3./171.3 of axn
theaio sus {table 'I_'~"j The compositién of the uaao" wehicn la given in o
tahla qub '

‘Fhus thars seemn Lo bo digiificetion Por us sing Lron catelyste indaa-
u:'iaLJ Bk bacsuss & syhtheoois fgae 1d vsed that u1115':s in comp2eliiiom
Tzom the trecreiical, ‘I:.'_"'E mu" zEa hea Lm=- Tollowling Jrerzge “Lﬂcnrt&po Sum-
Poziiicn: 00y = 9:.’ » b = €1, Oyt = 100, ga=h L1, £.7, M) = 4o,
BN0 Hx = 7,5, A mothos Ty f‘FC'L'If"‘.lL'itJ.“‘lg thiwg tail ERa % uuda 3113&1;1-' imorove
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the efficiency. Per this rposs, & ginyle flovw sheot is ITroplsed in figui;_
37, in which, first, the COz1a removed from ihe wasts gaf; =nd, zecond, gy
hyérogen iz recirgmisted ziuer. pasaing throuzh the condenser, fha Cd, Paly
mevsd from the tail gms cculd be reactod with the methans in coal aas In ayy
gpeclal OO gensrator; the reduction of 02 by meens of coke iz not 8 COncm A
cally sound beecalac o the high temperature (ccnbuation with Q) reqairea_ﬁJ
The 00 formed by reastlon with road ges 1= thepr mized with +he rogireulatiss
Er 0 form addi4ion=a sirthasic gea, Iy thig mrocsdinre widh iron Gﬁﬁ&lygtﬁ?.
7.2 %, of synthaeis pasclire ana Zad kg. of coxe equld he Ireduesd fron 50 550

kz, of comd,

CA™GULATION OF HEAT TRANGFER Dapi

The tyves of caleulations erplered in deterrining the hent-itrensitgp wh
characheristios of e varicus convertors siudied Wre sxemplified by thoge-
shown bolow fur a 2Lk period (uly 22-Taly 23} during cveration of the.
100z, 3 fhr, watsr-coclsd converter using & cobalt cotelvst,

Lazzd oo the BYSrAZE conpoaition of +ho grethssia pmea
2a the mverase exieont of recoulon end analyeis of the moduct gasss (tahle 9};
for thet 2L-hour pericd, a valze for the hest e resction of 7,85k keal, fuel
wod obtained. Reduced to one oubic maver of smthesis 22, s valae beos g
350 Xeal,, end, at the Uroughout of 1,855 5.3 dring this $ims, the heat -
gererated in the acoverier woe e2leulated 4o be ' .

table €) 28 well

. 1,648 '
TS = 27,000 keal. /hr,

From table 10, the sverage temperaburs diTforential heotweon cedling HEfdium
end cstnlyst ted was cbeerved 4o be &G0 Cu7 the cooling gofece availdble .
in this comverter wes 135,05 w2, Friom' thooe cata, the over-zll soeflicient
02 heat transfer ecinld be chizined; thue P : :

~

U= e 7 0T (keal ) (m2) L. )1 6. )-1,
- =) ! . - ’

ol B
o

In these calenlatiome, the hedt of reastion waz dividsa by ths averagn Jif-
Terence in terperaturs,; o situssiog ROt 2t 511 rarreamniative o aotual con- ¥
ditignz in the COVOrTar, as the rodotion doss not mrogeed in & uniform panmer ;s
throughout the bed bug 25 concertrated in that porticn of the eatalyst nosrost iy
the zas Imlet. fetunl eloulstiong ef augh peint-to-poing canditions, bowaver
would prove extramsly comnlicatsd, -

1A

Whsre heat ia tronsferred, as it is ip thiis gase,
& Intervening retaz vall, end a Liguzd Tilm, by fer ths reatest resistence
o the heat Ilow 1 offareq Uy ths gas £11m, Thes, the over-211 cosfPicient
of Beat troparer Ctteined chove 2y TG assimed 4o approximeds thet o e
hoct-franaror coelficiant existing acroag +he g8 Tilm, In designing +hs
lﬂD-m.Bﬁhr. cUnverter, somé estimatss wers nads of *the goe rilm sostficlent,:
Eciy w2ll thesa sftizmates wore subatantiataq by subesgquent eXnerizzntal
evidence will be dizcussesd below,

_thr&ugh a gas film,.:
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' Coal |]5{3 kg

iam’ ‘

T

I

—{ Crocking )

—————{ Caking oven)

35 kg

|

jGEnernfud —
I_ gas { Ganarat

(CO generator ju——

10.6 kg
ar j—

B.4kg

15 O kg

I’ COp O.4m2
‘Spnrt gas CQ I3 m3 Co COz 49 m3
32.8kg. Hz 1.Om3 C0 18.6 m3
328 m
* COE 5..3 m.:s
+ Iﬂrnthesis gag| 4 €0 299 m3
_ Hy 5701 m.2
L
{ Converter}——— o |Gasoline |75 |.
COp 202 m>
Tait gas [{CO 35 m°
[_He az| m*
16.9m>
f Gl SCrubbing}_.___,_ GO,
tower
( Super—cao]fng}
apparatys
~ (4, l38.1m®
L e | —
« 60z 5.1 m®
Figure

37. - Proposed flow diagram for recircul ating tail gas.



Although the 200-m.3fhr, comverter wtilizes the ceoling medium fnside
tabes wihile the reaction gases flew arcund the cutside of the tubes, esti-
rates of the £1Mm cpefficients were made on the baale of an inper-catalyst
convertar (gesea insids ubes; codlant sutaids tubea) conteining fowr 25-mm,
1.D. Tubes, euch 2e the converter shown in Tigure 8, This was dons. to
sinplify the recessery calenlaticna, Aszwming & cmmatent hourly Flow of
greet through the fubes as 100 liters at 2007 0., ths gas velosity within
the catzlyat tubes iz given oy

(100) (1,600V((HT3) . 1 43 o Jooc,
fe.ilefﬁi{sﬁm}{mzﬁ}

Of couree, the volums of the geasa iz peduced in thetp peAsage throngh the
tubes becsuse of the vomstions oocwrring, bub this effect hes hoen disre-
gerded, The reanlting velocity (2,45 . /see.) iz mooh lowsr thar that
usually uesd In *ndustry and Zives riss to a Remolds rumber of

(2,5)(0.316)2,45) g
NN RS T

so Whieh Euggcata that 4 ressomebls. estimante might be made by assuming that heat
1s. tranaferred through the g2z only by esnveckion In an enpiy toke, Thé
Graphef and Prandtl mombers were celoulated ne o

and

by weing the Tollowing veluss;

L
P

Ir

ingide di=moter of catalyst tube = €3 cm,

Ir

denadty of the gag = 0.000315 gﬁ.fcm.3

. . . 1 o -1
B = sceffictent of sxpomaion of +he 88 = = -
273

g = teesleration dus $o gravidy = 990 om, feec.®

At = tempsrsture dltfercnos tedwesn gzaes anl gooling
aupface = 290, '

i . . ~T o
He = mes vizgonity = 2,351 % 1070 poiae
¢ = 2p=ciiic heat at conatent preastre = Qs cal.fgm.

k = gpecivia thezﬁﬁl-csnductiviﬁy = .12 cal,
. e I6C gBe, WG,




Thus,
log (Ig,) (M, ) = 2.9¢2%

and, frox the diszram on rage 158 ef Tenidals bonk,

Fielding the film coefTicient

PR ey I 1 - - -
h = (liggj f-h l—-z;r%)lllgr = 11.55 fl‘:cal} {’!’:‘.::‘_:I l{hr-] l{ac t_l:l J

Wisle 1,22 iz the suefficiont for erept vipes.

It 1z evident, Azrefcre, that the ovopr-21l heat-irensier eoE s o iant
=i

(T = 25,7%) 42 mieh greater tlen the mz £ coniTictert, h, caliaigs

Tor heat drmpsfer cnly by free cenvection, Tt 35 bolisved thaot thig Gif-
feronce in coerficlents g 3 result of (1) the efvect or turtalence ciuged |
by he flow of mases around the catulyst grarulos 1n tie fecked tubes ang

eXistenco of g Fartial liguid 1iln inaide thHa cEtsalrat tiipe resulting From
formation oF ligufd products ir the symihceig, A

Amrlicaticn of an eguation Ceveloped by 4.

r.
tha gz r114 coefliolent in tutes for tirkulent £

Collurg for calalsting
o
Ity resulted ip e wlie avoh Smalier;

&% the criticul valog= 4

Bow @ a0 B02¢503 Ly {kaal.) (’m.E]"lfhr.}'l[’DC‘] -3

whore

E = paz 791n caefTicisnt of haat trensras

iz
i

= congtant derending cn aige ¢l pinc

GP = sp?:ii‘ic]'l}catjoi{gasjﬁi congtent pressure = o TR
keal.) (g ) Iioo,y-

N

B = viscosity o2 ga8 = 2,331 x 1o centlpeia;

s
LA]

&

Ml

155 veloolty of ges = Q000316 x 2,ks fgm.}{cm.}'z{ae:

It iz obviouzs tp=+ Colbam's equation dpoa not 8nply in this esge and Jepmomn-
Etrates the imzariance of the state of gms tiow in the selection o & suif-
able mathod of £1{1p coelViciont e=leulation.

STHMMATY
e Using a egbqls catdlvat fp & wetor-cooled converter {icaisned rom

smthesis gag throughput of 100 m.3,fhr.}, 8 2-weelk rmin wes carried oot
Successfully,

Yase

—.J#S'

..




2. Over & resction temperature rengs of 200° to 215° 0, and a3} an
SVECAge Zaa throughput of 79,6 m, Jfhr., the followlng everazs ylelds were
ohtained ef an everags apparent contrection of 56.2 perecnt: 168 mi, of
water, 86 ml, of primary liquid preducte (cil), and 7 iiters of gadol per
grblec meter of simthesie #hE.  Correciing these results for the 15.5 psr-
cen’s of inerds contained in the snthesis a8 mroduced sp actisl contracticn
of £6.5 verccnt and incressed the sield veluss t9 199 ml. « water, 102 ml,
coef 011, and B liters of smeol por puble meier of pure Z25:1C0 pae,

3+ Theae regalts Suggast that comswereial aynthesis of gascline and
. hydrocarhon cile in a ¥ater-cooled senverter mey be gooncinically Teaaihle,

b. Usirg the 100 r.3 Aoy, converter and en Iron cetelyst, & contimious
von of cne month wee gonducted,

2« do sigifisent dscrsase of catalyat astivity w2z ncted ovor e
- pericd of one month using & aynthesis gae of COMj¥liz,

&, The averaqae omotnt of ol forped was TS cc.}h,3 of ‘aymthizaiz gas
“{im bezila of uzefui g23, 26 co,/m.2); thig compargs favorably with the
corresponding yields neing cobalt cateiyat,

T+ The troduct eil righ In unzaturpted compounds,

8, If irm cetelyet iz used with & nydragen-rich fesd 523, e Hy in
the oxit gpe must he recirculated for i efficiency,

U Comperigor of the resuita of +he gyathosis of hydzoeartcns in various
tomverters having diffsront ratios of couling swiace 0 catalyet volwme (&/7)
it wes posaidle o daternineg tho cptimam.ﬂ;? for uss in future dezipgna, The
resulis ars eomberad In ftable 25, Tt ig avident from thase Azis Shat locating
the oztfalyat outstde the cocling tubes 1s mrorerabls, sa lzss geoling gurface
12 hus requireqa, {The rumbsr of plus elme in the right-hond solumm ef

7 Wble 25 dndicatus the morit of e Turrnes,) The fable shews that the best
i drrengemint téstnd wse tiat of an outer-cslalyet converter whope g no0ling
frfecs of 1,38 on,” wag mrezent for overy cuble cendimstor of catalyst,

VABEE 25, - Cemperiscn of cooling surfacs arsas of
Yerioua convortst deslens

e e T
: T=ka  |Centor-to-cenist Mezaure cf
Throngh e, I.D,, apeoing of mosit,
- Iips of converden a3 /e, icoolaps ]| mm, o snhe , T, AN (-)efO)el+)
__ﬁmﬁr-catalgaﬁ.... {100 1,) © o011 o - 0,728 -
: Do. wvveiinned (200 1.3 i do, 33,7 - 1,120 o
, Blu vvvvenans| {1C0 1.} Ao, 2EL0 - I L EQD ot
nﬂuﬁer:catalﬁst.... ki Weitom - X3 = ha L9653 +
L~ Li a0, - s oxong .63 ++
DOu vomasnnns !-3 | de. - 42,5 x 36,8 f1,3hs 2t
D6u suveviiadf 200 | ae. - 52,5 % 36,8 1 38 +4+
58 - L1 -
Lot op

- Bareau of Mines, Pitoetupgh, Pa,



