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Gas Purificatlon Ty Means of Deep Temperature 1-39
by A. Trapo

Pugpose: HEliminmation cf sulfur compounds and of c’s‘r’non ¢loxide from
the .raw synthaesle gas.
Mothod for the removels An epplicatlion of the Tinde-TFuirkl regensrator
principle using pure nitrogen as purge £as 2y low temperatures,
Tochnical execution: 4 regencrators of egual size are used. One
regencrator is always used for the cooling of the raw synthesls
a8, a second ig being flushed with nitrogen, the third is |
used for cooling the nitrogen to be uaed for flushing, and
the f&urt.h ragenerator absorbs ﬁhe caid. of the purs gas,. |
After a certaln %ime intervel, the order oz arrangsment of the
rogenerators is changed., The tam;ﬁ%fatares ab the bottom
(cold end) of the regenei'a.tér ars malntalned by the use of an
. expansion tnrbiﬁé. ' |
The rew gas 18 corprescod Ly mesns of a {furbo) compressex
Ito the required pressure, cooled in o cooler get behind is,
end enters the regenerator at the tenperaturs of the surroundings,
The n;trugen for purging is compressod by‘ ia blower to the
required pressure for the overcoming of the resi_s‘tance of two
regenerators., The lower temperatures of the reganeration
_ lle arpund ~ 204° F, or &t a temperature, at which the impurities

of the raw synthesls gas are deposited to a sufflicient extent.
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Compositim of the gastld. § COp Molecular weight = 19,27
2 %M ‘
0.4% Cig R = 44 = gas constant
42, % Hy |
41.6% co

The apacific hoat of the gas at the intalte of the rogenerater,
8, = 0,51 koalfmd = 0,0368 BIU/2¢5,
Specific heat of 'nitmgm, RNy = 0.285 keal/S = 0,030 Bﬁ't!/ftz.
Initisl pressure assumed to be 3 atn,
Partlal pfassm'ez: |
€03 = 0.42
¥, = 0,06 | .
Gily = 0.012 |
H; = 1.26

0 =
8,000

| COg begins o sublime at ~89° C (=L28°F) = 184°K (330° ¥ Abs,)
while 2ll the other constitucatn remain in the gaseous form,
“The specific he;e.t of ga808 at the boitom of the regemerator ad
"~ 180° 0 (=292° ¥) (4n tho abacnce of COg) is |
= 0,282 kealfu:3 (0.0z17 :ém/ftb’)

%
The gas, 86% of the original amount, now consists ofs
Yo  2.33%
CHe 0.47%  Ave. mol, wt. = 15.26
Hy 48.8%
00, _

@41’&-%%-
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The heat transfer coefficlent, X = 1.406 kesl/u®, °C, h = 0,288 BIU/2¢2,9F, h.
The back prossure of the turbine is assumed to be 1,35 aima
Ratio of pressures = 2,4 ’ .
Temperature difference thiough ezhemeting = 14.5°¢ (26°F)
The specific heat of the puro gos ot the worm end of the regenerator ig
0,286 koal/m3 {0.032) BIU/2t9). ,
The specific heat of nlirogen ¥ ca:»:“boztz dloxtde oy = 0.20 kcal/ms (0.0337
BLU/249). | -

The heat balence of the whole system appoars as follows (nitrogen
forms S04 of the raw gos). | )

‘Regenar. 1 Regener. 2 Regoner. 3 Regener. 4

¢ 1) ! )

|
‘L J7 of the furbine

The heat condensing into the systen from tha cutaidé iz asgumed
.4n the computationz %o be 1 kcal/m3 b'f the gas {(0.114 iB’i‘U/fts)

The work produced by the terbine amounts 0 abou;; 8% of the work
of tho compression of the rav synthesis £as.

The principle epplyinz to all refrige::azzon gysteng applies in
this cass as well: to lower the temperature caly e8 low ss ne'c‘eaaary.
The higher the starting temperature of tl'xef turbino is, the higher will

also be the temperature difference produced with the same ratio of pressures.
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. Gars must also b3 iakon to have no vmnecessarily hish reaieﬁancé
in the valves, bocause ell 'thase resistances mst te overcome by the work
of compression,
Colculation of the resmenerstors
Raw gas = 2925 r3/h (1 etn., 15° C) = 100,000 ct/h {309, - 60° F)
Required mitrogan = 2670 mS/n, (89,950 cffh).
Available nitrogen = abt. 2800 m/h (95,760 cf/h)

VYoleelty of gas in the regencrators, receclculated %o 1 atm ats. and 15°C
= 1 mfsec {3,281 ft/sec)

Diameter of regonerator, inside, 1020 mm (40,18%)

Filling to be used: aluminum

Dimensions | 25 mn x 0,5 mm (0.984 x 0,0020")

Length of one spiral, stretched cut: &5 m €1066 £t) -
755 £¢)

- corrugated: 230 n

"Shapa of the spirals.

/ e - - - - —
7/ ‘,50 . :

@= 0.5 m (0.0197“) | ®= 3.53 mm (0.1390"}

Length of regeneratcr (to be £1lled with 200 inserts) = 5,000 mm {198, 8")
Reating surface = 3,260 m> (34,983 sf)

Weight of slumimm = 2,195 kg (4829 1bs)

Duration of one pericd = <« h.
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Resistance of filling = 20 ma water/m {0.5" water/2%)
Total resistance = 0,0125 atm (without the valves)
Proportion of spaco occupled by the cluminmum £1lling = 20%
Total langth of bands per regenerator (stre ‘?..«Jzée. out} = €5,000 m (203, 26522¢)
Heat transfor cosfficiont = B3 icel/m®, h, °C (10,86 EIUfsf, °F, h)
Calculatian of conncection 1lo8ses

AsEumed volums of ono regenaraier = F.5 nt {123.6 cab. 1) (between
the valves)

Gas volume contalned about B.25 m3, at 1 atm., 15°C (179.9 cub. f%,
30", 60°F).

Gas volume in raw gas generstor = 15,75 n® (528.6 of) .-

Aftor opening the bmaas valvos = 10.5 nd (268 £+

About 90% of this rav gas 1 recovered after changing connectlons
= 8,6 a® {325 ef). Loas 1 m3 (34.2 ef) per poeriod,

loss 1 = .u.u = ghout Oo7h

Contamina.tion of the Tew gas by 5.25 md Na (178.5 of) /perioa. » 3,65

The second loss ig caused by the comnection of the =oxt mgériarator
pairs, The pure gas drives Lofore i tho nitrogen in the Fegemerator,
which mst be Temoved through & by-psss. This iﬁvoljren a gas loan of
ghout 0.5% |

A thizd loss is caueed dwing the nassing of sbout 5.25 mO (186.4
¢f) in the purzing nitrogen when changing connec tiong Trom the purifisd
gas to N3, pure,

The total gas losses are therefore

0.7 + 0,5 + 3.6 = 4.8 = abt B.%



