Anzlyses of Cases in the Upber and. Lower Annuli

b xmowledgs of the campoeition of the gages made in cach reachion zunc
would be helpful in enmaliyzing the performencs of tho gesification syeten.
pttempts vere made to galn some ldua of the sgunilibrium etialined in the
uppsy and lowsr annull by taking spot ~amale of gus e% several posivions

- pear bhe cutlel of cach reoction zonz. 1o :-1le 17 shows the enalysis of

gases from tho upper and Amrcr zones during rong 10, 11, 2nd 12 in the smold
pilet plant. Table 18 shows the proporties of geaes sompled in the two

point of sempling moves away from the single heasted woll. Hoverthel
ciure of what :aa,; ba n¢
1% in obtoining o repre-
ng o spet scople at any
movement of gos Through o
given vertical scehicn of the reacilon zons -is not ne L"Suu.l‘ll constont
Tw1th copect to other sections. Therefore, the cnalyses vaported in tubles
17 end 18 are only indicatlve of the varichility of the zos in elther

' tion zone. ' :

& P

::
o O .

i ‘zenes In the lerge pilot nlr:nt uariag mme 1, 2, 3, and 4,

a

g Tn ccnsidering those anslysss, atvention io called To the Tact thet is
L ig virtualily jmpossivle to cbtain a T epz egentative sample of gas by cxiros-
— Ctipg o spot semple from any plede In either annuing. £ spob somple cniuwist
3 ropresent the average ccnditions because of the chonge in the rate of re-
. “setion and of the temperaturs, and c;wa%gu*n”*; the Cﬂail"n‘nriml,' a8 the

g Lo

fa !

]

these spot samples are of value in optainins i
ing inoide the reaction zened. A further dsberre:
sentotive sample of ges in sliner srnuing e it et
given point is ths fach i‘qr.“ +he tenpsraiure end

I

ANALYSIS AND DISCUSSION OF 1BSTS AND EXPERIMENTAL DATA.

Trocess of Digtiilation nnd Gasiflibation

A concepbion of the process of di t11lation end gosificalion of low-
ank fuels in externally heated retor t.J weg known before either of the pilot
plents wos built. Reyerson ond Germes had conducted invest tions in oon

Lelectricaliy heatved vertical ruvom,lw erd Dovis and Perry conaustod
‘Etu_d:: ¢he carbonization and gesiflcabivn prope ties'_o_" subbirainons
_-/ addition by & variety of gmsll-sesle siludies hoi bown mode by
_“’eE-B-_lrec-,-u of Mines ob Golden on the thermal dccompositlon of subbitumincous
dal emd lignite. ihese investigetions ond the experis gained In the

roperotion of the pilot vianis ravesled thal the process or gasification in
Iregont system procesds about ags rollowss : '

gaents &, CHANEU-LYOL  Pullll VELWUWL L i Ve,

Reyerscn, L. H., and Gerres, DTL., A Ma gile d ‘for Complete Gosifieation
: of .g.gniw: . B, 8. Patent
:ﬁf - Devis, J. D., and Perry, V, F. uupu_.ng Properth.a ef o Subbltumi-
: noug Coal from Puritan hins .’):wdno wx.‘lCL C anty, Colo.: Burcou of

Minss Rept. of Invosbigationa ;~+»_ 1939, .

m, +
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R. I. 4128

Netural lignite containing about 37 percent bed moisture is introduceg
in the externally heated revort. As heat is received by thé lignite, the
bed moisture is evaporeted and moved with the s0lid residue into hotter ggpus
tions of the retort. When +the solid dried lignite is heated- through the
temperature range of 4C0%. to 750%F., therme) deccmposition occurs, Firg
with the evolutim of COs and the Formetion of water vepor from oXygen in
the coal substance, followed closely by the decomposition of volatile mﬁtte’
to form tars and hydrocarbon gases. AL this point, the heated solid residyg
retalns carbon, hydrogen which is driven off as the wemperature increases ,
Some oxygen, end small amounts of sulfur and nitrogen. This camplex mix- "
ture, consisting of water vapor, far vapors, free hydrogen, carbon dioxide, .
hydrocerbon gases, and a g0lid containing active carbon’ and sqme-availabla
hydrogen, descends into the hotter ragions of the retort, where further de-
compositiom occurs and water gases are formed by reaction of the various g
conatituents. The apparent ecquilibrimm of the water-gas mixture is inflp-~
enced by the cqncentraﬁion of the stesm and by the temperature, Thua, by =
regulating the guentity of steam entering the reacticn zome, or by the 24 Jug
ment of Lemporature, as irfdependent variables, the camposition of the gases.’:
leaving the highest tempsrature zone can be controelled over a wide rangs,

As the devolatilized and parily gasified cerbonaceous residie pPasscs
into the lower zone, it contacts water vapor traveling countercurrently,
The steam i introduced into the 1 wor anmlus to cool the residue and to
rake water gas in the hottest section. . The epparent equilibrium ‘of the
water gases in thls section is controlled by the concentration of steam and
by the temperature. The ratq of removal of regidue from the botiom annulus’
controls the degree of gasification of the carvopacedus Puel. It the origin
carbon in the ¢oa) converted to gas is on the order of S0 percent, the gases
made are derived Principally from products of digtillation; but if 90 percent
of complete gasilication ig attainsd; the gases formed are derlved prinoi- -
Pally from roactions between carbon and water vapor. The percentage of
carbon converted to gasg 15 simply controlled by regulating the rate of remo
of residue. Thus, the three primery variablos in gasification of lignite
in an externally heated retort ‘are: 3

I}

1. Concentrztion of steam.
2, . Temperature,

3. ' Percentage of gasifivatien., . .

When lignite is' distilled, the prineipal products of distillaticn are
water, carbon dloxide, tar vapors, light oil vapors, hydvocarbon gades, and
hydrogen. The ccmbined hydrogen in the form of tar, light-oil, and hydro-
carbon gasecs pagses through hotter scctidna of the retort in cunpeny with
wvater vapor and i1s decomposed to fixed hydrocarbon gases. It is intsresting
to note that the smount of combinsd hydrogen in the meke gases in the form
of CHL end illuminents is cqual to or greater then that in the products of
distillation. Therefore, it is prcbable that undor the conditions of gasi~
fications encountered in ¢ pilot plants, some CH), probably forms by inter-
action of Hy and €O, or by the direct hydrogenation of the carbon, if this
type of reaction ia possible. . o

’

1775 . . L : . . - _‘ 56 - :.: .:
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Trex 5 C+H, 0=CO0+H;, — 56,410 5
Lue & 56,000 \ C+2H20= COp+ 2H,— 38,670
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_aigm 5 \ // Q z
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) < A \ 900 = i
& S7H N\ 2 i
., o )
% 42,000 @sﬁ[‘,/ vy \ 2 o
o
[
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11.;:? Figure 26. - Water-gas reactions.
1l




1,158

An e~t1maue of the products of dis stillation t"“t vill farm when coaI is
diSulllEL_g.} various te:r.peratures can be made-from the- wWiinste analysi » of -
the coal.= 'The weight of water, éarbon axo*lﬁe, conh ined-andfree qgﬂ*oge
and carbon entering the reaction to. forn zaseous n*cduuts can e eﬂtlﬁhted
if cardain assumptions are mede as 0. the amount apd dnalysis of char reg
ﬂu85. “From the gas analysis, tha materiagls 7BVG1EE& Sky t“e'wayeru*as wev

actions and the heat of reactien: can then ve calowle eted. The 1e,hod ot pak-
irg these calewlations will be discussed in a.fovtnc0ﬂ1rg renort. wiic pil;
anal¥ze the nrocess from-a theoretlcal noint of Tiew, .@5¢ o tHe ke vaﬁﬁw'
ing through the externallz heated refort is ;sed'i"CO“nlezing=uhs-aeter g
reactions. TFigure 26 - shows the range of these reactions with respect $9, C

. The dif ;ere%t raEes of

iy

32/00 ratio, heat of reaction, and volume of 2aE5

water. ges are biated in lerms of the H?fCO vatlo, xm:ch.can vory from'l to

infinity, or ®Z," vhich can vary from 1.0 to. h.O ander-ideni COﬂdlalOﬂS. In
the pi‘OCGSS Uﬂd@‘l *;.J.'v'CSbl Etd.on, the :".q/(CD COQJ r;;,‘,lg in rne '\;aue&” EaS,
designated by "Z," can be varied fron 1.35 to 1.80 by adjusiments in Eteanm
concentration and témperatuye, An imﬁortnut obﬁect of th

o  the 31703—©1aqt test
has- been” $o’ worlz out the one*at* 17 viroblans” An making theeo'd Tierent Fraaev L
of water gasg. ji : :

¢

'.-

Is the uater gas is %o be, uged for :anu‘ cture o* 1hau«tr1“1 Hvdro"en,n

the value of Wi shenld be l.?:ua ‘1.8, vhich rethres ) igﬂ?y cencer*vﬂtlo
6l steam a hnd“relatlwelv 1ower temperauurﬂs in moking the gaEs 3ecause?0: -
the additional stéam Tequired dnd the rcaultlng onﬂr sing. nroblema,'4nﬂ i
trial hydrogen might De produced more cheaply by tais process by mzklng the
easler cbiainpble water foses having velueg o;_"”” of 1. to 1. 5. - The L0 -

thus producpl would oﬁ'snlftoi to {2 ia a latér ﬂncrﬁulor IFf tha g siig®
to be uSed for;m1h+nf synthedle gasoline which ngeds a.gag hav ving a E- CO

ratio ‘of obouk: 2.0 y - the apparcat equilibriyn- OV_’Z,T will bc 1e3 50 luthe. |
Low COQCuuur&tl“n of. stoam-_rw'_glat1nﬁ1v hizh temperatures are npceqsar". :
for thode conditionse -The 1ntevﬂem1ate watar ghseﬁ '*1ch_nﬂﬂe an apug th]ﬁ
equillbrluﬂ, deroted by g o of 145 toil.7 ore the easicst tyoe oF 2a 1588 to
nake in the externally hea tc& re+oru, bécause :the nz atural
and carbon, in- the Lowsronk

T4

o

ualnnca of. nya oper
uels- ;avors tHIs egL1110r1um-nt moderaie %

;._ge ”{l—"_ )
bures, -Jgeve iqtermeuzate gﬁsev nrcb oly'w111 ce ase_ul for indu trz .
Beatings . . :
Comparisen of Performance of vhe Pilot Pioata
} The operating charscteristics of both pllot plants arc about the same,
L9

Put the large plont is in :herently more efficicont,
the reriormance of the plonts wpon
Pe2surements to the common it of & squore oot of heated surfaco. In the
fmall Dlont, ceveral different con 1¢ have been ghh1¢1er, but in the large
Plang only natural liznite has been trsated. Experience has shown thak
.t €re is 1ittle differsnce betweon the grgification o;c”JiPS of any of

é © low-rornk fuels if correciions o are ede Tor moisture contont of the
'ng@lng conl,

Tables 19 and 20 compare
wiit basisz thot converis most of the
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TABIE 19. ~ Gosification of coel in small pilot plent, Golden, Colo,

TOSE NUNDEY seocssonscrsnnreces| B 54 85 gp 108 le@::
Steom- - ;
‘dried [Natural {Wyoming Hetura]
XKind of COGl .usvcevevsnnserasa| Subb, ilignitelignite| subd. |{Subb lignite
Coal cherging rats, pounds per ' '
bour per square Toot of ro- _

. tort surfacs eovesinsernea.ai 1.4 1,20 1.45 1.68 | 2.95] 3,25
Percentome @eOiTiedl/ veesevess T6.6 1 oL L 8.8 RN
Stecm: ' i ' T

Pounds.per hour per square
Toot of retort surfaco:
Upper ennulus c.uieee.| 4,01 3.8 1.9 2.6 3.1 3.6
Lower annulus ......34)- 8,0 1 8.2 2.2 bk 5.4 1,9
Used per mol of carbon gesi- < _
) fiad T T.O 6.25 2.95 5.65 2.02 2.81
Converted = 29 L.cuiiaesene] 1,750 165 | 1.45 | 1.k | Loarl 136
Het Heot used: - : ' o
Bybius por cubic foot of gae
HEAE seessvnressssasnaans 190 180 202 180 | 138! 166
M B.t.u. per hour per sguore v
foot of retort surfoce .. G.191 9,40 8.03 9.29 [11.29] 10,52
Aversge furnace temperature, 9y 1,540 1,605 | 1,600 | 1,750 [2,800] 1,750
Goz made: : T
© Cubic foet per hour por
- squarc foot, SGG3/ ......f 6.6 | 50.5 | 38.7 | 50.3 |&L.5 | 65.3
Cubic feet of dry gas per . ’
pound o €02l cavavrriene| 32.9 1 414 27.0 304 (27.1 | 19.1
HEo /OO 78tio = B wevernennans| 7.18] 4,73 2,72 3.0h | 2,0 2.11
Retort arrangument: =
Width of amnuius, inches ... 3 3 % 3 o 2
Ratio of length of top to , ' :
bottom ermuli ,ieeenean..] 2,850 2,45 | 2ks | 2 ks 2579 2,11

Per mol of carbon gasificd,

vl

7 =

Seturated ot 60YF. und 30 In. Hg.

Percventage of carbon in cozl converted o gas,
Ha/(CO + COp) in tho wator gas formud._
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TARLE 20. - Ga31fichtion of coul in l;rge pilot pTent Grand.Fozks, N Dalk.

L - o - S I
Tost NUMDEY Vaveevseveenses Anary A 1871 2B 28
Klnd. of COEL]. I I Y Lign . i Lig.
* Qocl charging rote, pounds S 1.

Per hour per squer
foot of retort durface..'
Percantave ga91f10d£/ ov s
- Bteam: L
Pounds Der hour Ter
gquare foot of re-
tort surface:
Upper annulua ..
Lower 2nnulus .. ;
Used per mol of carban i
. goaified - tssenenians I

2 Convertod = 23/ vivuen. 56 : i

Net heat used: 1 1 HE
|
1]
1

B.t.u. per cubic foot
of gos mode s..iiavi.
M B.t.u. per hour per
aguare foct of re- | Sk : : R . .
- tort Surface viveees't OLH7 L . Q. LG61 9.23] 7.201 9,35
;Avcrage Turnoce tempers-~ : . S ' . c
ture, FF. sieieisiaians 5702 , 1,345 10 1,800,825
Gag mode: - N : : o ' , _ e
Cubic feet per hour per j _ ' ‘ '
square foot, SGC4 . . P eaNTe] 1 E 9 g
Cubic feet of dry gas - I
per pound. of coal .. | 15. 25.0 . ; . 1.8
H2/CO ratio = R vesvens | 2457 | 556 : \ . .1
Retort arrangoment:
Width of annulus, inches Ch A S 3 3
Retio of length of top- | | B _
to bottom ennuli ... | 2,02 ! k03] 2.2 2 2,11 2,11
Desired copditions Tor Z,000-hcur test. _
Percentege of carbon in conl converted to gos,
Fer mol of corbon gesifieds Z = Hy/(CO + coﬁ) in the water gos formed:
Saturated ot 6CYF. and 320 in. Hz.




