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METHANE SPLITTING IN THE'X PLANT AT HEYDEBRECK

AJﬂJSp’“t*ing in sguipment for ges for distant trensmission.

e

3,500 mﬁ’h metharne pe%'sys*em is to be spltt 5 A
The semperature in theconverter outlet is 850° me thane
preheated to 650° C, :

Analyslis:
, e T T : splid gas
anslysis at CH reaction water gas = parsts :
inliet reaction |
- COp ) i + 0,225 = 0.225 7.0
. + 0. U887 Tz P =
ot N 0.9%%& - 0.225 0.769 23.8
Ho 2.008  + 0.225 2.233 69.0
CHy 1.000 . 0.0C56_ 0.006 0.2
gycm ‘I"’(‘S?Sf , , - 37233 100.0
HoO 1,000 - 0.620 0. 880 0.225- C.T755" ,
g HAs0 T35 T L oL 556 -
- ‘ K,theor. = 1,16 at 850°

1.} Calculations of CHy converter. : :
__4aTT—exygea—?eqarﬁe&——*0—¢87—"9—e*¢§3“CH@

" p}. hest talasnece of the convarter

He&t rroduced:

m@ac%*0&%%*4§Hrﬂrﬁﬁ%f€3—=—€€—*~r—§2——
Heat of reacticn at 6500' 269 h.un/m”;

: 0. 97& T 269 = -~ 262 h. u=R.
Reaction II; €O + uco = COg + Ho ,
Heat of reaction at 650°: 337 h.um; /ﬁ3 L

. ey 225 x 337 = 76 "
 Hs&t produced ' 551 SR

fﬁegzmcnﬁSumed:-

Reaction III; GHy « qgé-; co + 3 H

‘ B2 ., 3
Heat of reaction &t 65C°: - 2989 h,un/m’; .
, =7 0.02 x-2689 - = 54 . " "

e

Heatin of split as from 650° tc 8 o°
et aBxe, 300 £71.538 -

’l
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True specific heat of the split gas at 800° C

cos 0.225 = 0.563 =  0.127
CH4 ! - 0.00€ x 1.0665 = 0.006
C: 0.755. % €.%19 - 0.316
diatorwic: : 3.002 xLO.BBO,z*"'O 992 A
i - $§T‘X“C“§ﬂ7”'” 1,322
Heat-losses ' 20 h-u“.
Heat consumed {heat uni*s/m3 Cha) = '338_h un.
I1.) Cooliug of the spl*t gas.
a) heat content of the spi it gas 8t catalys!
: “orverter outlet. seusible ¢ neat,_"‘” e
T=x cp = 850 = 1.257 1068 " "
Avzrage Sp. heat oP the spliit gas between.
: 0 and 850° c ~ A
COn: . ©.225 % 0.503 = 0.11%
CHg: . 0.006 x 0.786 = 0.005
~ Ho0: 9.755 = 0.390 = 0.2%8%
diatorlc: 3.002 x ©.319 = 06.258 ‘
’ TE3FE x 0.917 = 1.257
Heat of condensation of water: 0.555 x 595 = 3317

Lt I 44

Heat content at outlet of ccaverter {ht.un./m> CHy} 1399
b) Heat exch& ger

The standpive iz discomnected. The spiit gas, immed-
.iataly upen leaving the u&u&lyﬁv converter, enters tne
heat exchanger. The inlet’ gasbs are heateé to 650° 1in-
the hest exchanger. '

Heat .contents of inlet gas at 650° C:
650 &y, » W.Lg = 650 = 1058 + 0.735 % 595 = 713 » 437 = 1150 n.un.

-Avefggeﬁspeel;ﬁééiiB-,iwlez_gasaggi&enxeen a” anQ,aJ_9

CHy: 1.000 x 0. 661 = 0.661
.~ Bo0: 1.000 x 0.382 = '0.382
"0z : 0.:87 xvo.316 - 0.15% .
o S v T.187 = 0.917 = 1.898
~ Tre cxygen is practically dry when let in, ani &L 4
temp. of 159 Its heet content 12-0.287 x 15 % 0.917 - .
- =--0.311 2 noun,
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¥ethans mRy be hested in the e.avo"atc% to 67.5° {v. Secticn
III) aznd saturetsd with 206 g. E 0. Its Rhes vcrte?t will e
156 ®». un., The neat conient 1s :aisad from C©.52% = 5A3.8 = 345 -
h, un. to 4395 h.un. by the sddition of 529-g° Dews up steam. at
1.5 atm, = 111€ C. : - a
.- {2fter the =d3itilon of stsar the parilazl pressure of waler:
is 1/2 wf“ﬁh re T = 955 mx, or by %78 wwm {(nmotics: texi zives 33
mm), The dev point  is-at é5,3¢ (notice: Tor 438 mm; 87.5% for
378 mm; the rest of thoe caloulations not checked. W.M.S.: The
neat ccmient a2t the dew point Is 881 at. um. ¢w IIL, g1y, Tpoxn
ths 2d81%icn of stemw &t 1.5 atm., JH; is therefore not endtirsiy

dAry ). , .

] e - N - . - - - y s ) =
__-_ The spiit gas must therefors glve up 1l 0-{2+888Y = 62t
~

en—in-the-Tew —exchanger. —ItIed¥ g—the—exchgnger with&a-baat
vontagu of 1399-652 =77 ki, un./m”/CHy. Ite temporaturse is-

S

- {787-331}: 1.322 - 316 = 315

The cooler~vapérizer'systemt

ccat balance of waier circull.

)
ot
o

' Theé heat given ur %o CHp in the vaperizer = heat con-
tents of-.the fresh condensals : the heal taken vp in
the coclier. : :

O .
o

Heat given up t

i}, Hy »
_Hest contents of CHEy zatureted with wster = Op T +
Yim with P = 1.3 stm = $556 wnx g W o= P = 1 =
R , , ' 2. ¢55CP zZ&5
C.T25 T F :
o "TZBCF : : .
. The averags specific zesd of CHy ssbtween 270 and 100°
is 0.%23 = €.517 = 0.395. i
- . IR . - .
7,°c 7 P,mm W ¥ E Ly Cp xz:¥ He=i Con
is . 12.8 .. 0.6C I < e B ) i2
& - .72 © .0.08C 57 w55
5 13C C.115 72 22 SR * 13
509 1kg 0.135 . 8% 2% ~- 108
57 cO“ - 5.201T - 126 27 15>
88 - 21% g.212 153 27 18%
85.% &L C.628 308 - 3% £33
8705 578 0.735 368 35 =01

N3

o
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The heat transfesrsd to CHp in the vaporize? depends om ithe
tempzrature of the water hneated ‘5 the cooler. The point of
2queligation of the sp;i* gas J% 71.3 {v. IIZ a3}. The water
is heated in trhe csdlzr to 65.35°C. CH, lsaves Zhersfore ihe
szturator with 2 satuvetion of as' &, °° - -
Heat copzf**s of CEy at 3u;195 rom saturator 156 k.,
, " " éry 034 2% 157 a; the inlet to :
saturator 5 °
CHy abeorpes in tng_*&ngiaanﬂngun;Jﬁde____ HECCamm .
2., Hesat conts@asﬁé*‘uhe fresn condensste
‘The fresh coadensets is brought in =t 1i5° C. ts .amount

uepenﬁs on the awmount of watgr condensed from The splip gas
i the cocler, o» else srvapcratsd indoc ks spl it gas, However,

ﬁas-heet_cea%e&%—eﬁ—ﬁ&effreshfcenéensate_is_smalaj4aadazza_gaﬁ

*anm@gzﬁmﬁﬁemmtJAngxyoywua&F¥W%r&» D LrORARETTON,
ﬂn woich the -lise: latpoduced by the fresh CJnders*a is set

iz the provhkr ovésr of magn*tuaeo" The sezcond o

. ocmputation of
the hsat zsliznce givcs Then - Lbe ‘above.

ondensatioa'réquiréments}’

CEy takes on in the evarorstor (v, 12: 20 g EzO
Spiit gas - " " 2o00lex (v, a3} . -
Fresh co“deﬂs&be ﬂecrirnwea§s ' —— 51&,, " fme
_Heat cont e“t of iresnr condensele 0,518 — 7 -
. 15 .= 3 n.un. /m’ CHy
2}, Heéat removeld from spi gas in zhe eoolébo -
Heat con%eut.cf-gplit gus a*ura?eﬁ w*th H.0 = :;T
¥ Lm at 8060 mm Hg prossure.  The wes sr content is -
P x3.235x% :8 - 2.38 =z P - xg/w’ CHy.
W =8C0-F CERE , =P |
Tﬁé‘ave?age 8p. RU. °¥ thé_spifﬁ—ga“_ = :
CO0p:  0.225 = C.5C2 = 0.092
. CHz:  0.006  €.323 = £.0063
—diatomior 3062 = ¢ 365 = 5925 : - =
' ’ {.020 x 0.917 = 0.935
T P _ W VRl . C,T Heat Somtent
25° i K . B PR A ‘
‘60 128 T i p,%38 271 52 323 -
57° . 130 D. 4862 237 53 P13
50.3 152 0.526 3%7 56. %03
51 156 0,8560 369 37 517
37 205 0.8250""7 % 513 53 875
58° 21§ 0.868 - 5%3 6% 807
58 - 22k Q.91 . 575 . . 65 640
7%_—2{;5 1.0345 553 57 723
7 255 1.112 758 8T 767

4
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150-8 = 142 h. w./z” CHy must b2 rrmoved from th he split gas
5. the cmo;cro The 5p1it ges snter:s tiio» cooler with & Heav"con-
zert of “%7 h. uwa./m> CHy .v.II}, Such an emount of heat corresponds .
o zn eguslization poin? of 71.57, The water can therefore Dbe .
nected e, about 69.5° by the spiit gis in %ha uole-°>

Ths hea%»coatenz a% the oultlet 57T ;he sp¢-u gas‘is stili -
747_142_= 605, h.un. Ita tsmperstufe is 689, itt water content
8565 z/m? GB§14_E;§‘spiit_gaz:tt:« SEXes 5
auditioazl'watsr, : .

%). Dsterminsticn of the amouni ol water in the cooler-

vaporizer. - - )

_&e—eﬁe&a%—e—f&-ef—x%—%‘ﬁﬁ—v%%e?—ts——ﬁe#—definmy Tixe T,
and. zay be . s2lected batwesr Lwo valuss The least cmount of
water i3 fixed 8% 3. %‘Kg/;ﬁ'CH‘ By the “éqvi“e meat that the
water in the veporizer b2 always warmer thaa the gas to be
heated (v. fig. 1). The mexizu=z is givea by the reguirement

tkat *ha vater e _always cclier than the split gas or
142 = 1*2 = 40.8 Xg EaO/md CEy,.
»7’1“—5—. _58"~
c). Fipal cﬁcii g, . -

) ”ha snlit ges_lsaves tbe SoGLar 'it“ & keat. content of
€05 h. It mus?t te ccolsd o 20 in the finsl
»coclerc 605 #% 558 h.un. musd tlerefore be removed from 5
1¢. The cooling water must then tzcoms heateé from 15° to 507
. The reguipenents in ccolix 8 vster are thersfore
558 - 16 Kg/m CHy, . - :

% .
S.i;:ﬁmary; o B
| OxXyZen reqQulTemsnTs: DL UBT wP mJ CHy
Stesm reguirexents .52¢ kg m Cdn
Concdensdgate —— fQTALb o
Cooiing ¥Wate ' 16 "/" "
B)4‘M£Hﬁ_ﬁplit§;”g*;n zcuipnent for long distance gas with
*&éf%tonai—+ad~reﬂt—co3¥*ng. - - -
I.} CHy eonverters comyu»eu as iz A).
II.} uocling of wpl*t 225,

al, A

°

converter as in

Heat von¢envs of epli=z

Som Cat&IYSu
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Tl Beat excnrengsary,

Ths heau exchenger for Co

]
@
[$3
hY]
o
&
7]
g
0O
o
]
&
e}
L4y
e

¥sihane waw be neated ‘n the vaporizer to 85.%% (v III}
and sauurated with 628 g. Zolr. Its heat content then is 43¢
2. un. The hest content will be ' increasgi by 0.107 = 633.8
= 58 h.un. %o 501 Z.un by the zdddtion of 207 g. fresh stsan
e¢ 1.5 a2t ~ 1122, CJHp will thnerefore bs sxaciliy at the des
point-& @&*#“ the 2¥eax wag -&(Ged, o : ‘

The split-pzas-hes therciore ziw n,up'in the heat exchangars
1150 - {27 501} = 6%7 n. un. It leaves the LZeat esxchanger
with & heat conisud of- I3G65-%47 = 752 h.u::./m3 CHy. Its
twmperaturé tesudout—33187: -

in t lsp-vaporizer eircult an indiract cogler
mist be imsdalled, which ccols the 3plit zes to within 137
arcve its de% point, i.s. to 70° L. :

.. Thne sum of the Heat taken awsy from the split gaz
in_ the indirect coole;, the direct ccoler snd the heat—content-
of the fresh condensats 9@Luiu'tw€ ueat glven up uo CEBx in thre
varorizer '

1}, -%nd*rect Cco1er

The split gas entere with 752 &, va. f?éﬁ'the heat exchanger.
The sensidle hest of Zhe bry split gB8s a2 702 1s 70 % 0.936 = €5
B, un. The heat.contenJ of the splif zas at tfﬁ cocoier outlel 1Is
then 3%8 + 66 = %14 n, un.

~—,

752-“‘» = 338 k.un. cen then be srensferred Yo the water in

2}. PFresh condensate.

The»amoua%—éfwfresh~cﬁrﬁ nsate SesonGe-on-She amouni—of water—
sosSensel in he direct conlaP Fwom ths splidt gss. The amount of
nect in the {resh bonueKS‘“e is, houeﬁers small, aad cie® TonkEusste
recuirem2nts may -be obtalned from &n erproximate estimate cf the

heat introduced with she fresh condeneale. A sscond computation |
will zhan produce an c«ura*e vaiue of the requirsments of the
condensalie. : :
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CEy 1 takes on in the evaporetor {Scéiion a 3) 628 g.
Txu 8piit gas gives up in the cooler {Sec. ak) '
- S ARE=EEF—= —— . 103 * .
CodJensaue reguired, o ST 523 g/m? CHy

The fesh condensate FIll give up 5.525 x 15 = 8 h. un, to
the circuit. ' : '

. Vaporizer

. The hest treasferred to CHp in the vaporizerfdepenés

2gsentiaelly on the tsmpsreture of the water healed in the direct
cooier The'split g&s enters the direct ,oo%er with 414 h. un.

‘ — Fox ol ‘..,: i ¢ " ra— c A =3 2

e ueateﬁ 1in zhis seolar to abo ut 57°. The heat content of CHy

at 57° is 9% &, un, The 328 n. un. of Cﬁg traanerﬁed in the
indirect ﬂooler coprespond %o = daw poimt of 85 50 apd to & water’

£e Lte"lu u.. 628 g/m C '!a..

i

~— -

4, D*rec* cocler

[y

: Ebe*amount of hest *emabfs from the eplit gess in -the direct
> oler"ﬁaaﬁgbe safficient toc P ‘oducs - & hest un. 1in-CHy saturated
8t E79 from the heat counient of dry CH; at 159 =nd the heat conternt
¢ the freshk condenssie, - Th2 spiit ga:, wher leaving the coocler,

etill has B18-80-= 334 n. un. 7The gew point co“respondiﬂg to thils

- hedt—econtent 1856.7C with a water cont2nt of 5§~g‘ - The "smount -
of water g;ve“ up 1in ke cooler by split gas is he“efore
556-453 = 103 g- : -

.- R . -~

- Ci. Determigatidﬁ of thie amoudt of water in coolervaporizer
c*rou t. - . - ‘ - -

- N . e 5

<

The smount of water inm the sireult is not definitely f?redT
- can be selectad atv will betwsen two vaiuss, The “maximum &nd
ninloum amounts are found Irom the requiremsnts, tbs» the ccol-
wvater still posszeuss a finite smount of 4T st the hot end of

the direct cooler wilth seap2cet o th2 egualization point of the
split ges3, and that the water in ths evaporator be =2liways warmer

b ot
ore.
oG @ o

than fha sa*araued an ~ﬁs-1arlmuz 2ud minimum emounts are
SnoWn in ig 2, a3 obtzized when %hs cooling water at the end of
the 4ire cov&er is 29 goclers tEaa the enteriag sn«zt gas. - The

maxfmum<avd the milimlm Awounts sre 8o 8mall, tnat-scms of the water.
“vRporizes at the hdt snd of the coolsr *;‘t“e form of gteam.

¢).— Fiasl cocler. - = - ‘

.- . - R -

1th 334 h. un,

+3
4
(1]
L)
[k
o
Ve
)
(€]
]
i\l
n
4
m
5
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o]
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e
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4
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[e]
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0
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t-4
cF
o
£
®
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o
@
e I
@
0
=
®
{3
o
O
n
&
O

in the finel ccoler.
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332-47 = 287 h, un./m” CHy are theresfore to T¢ removed from
1%, The cooling water must e hezted from 15° tc 50°.

The required smcunt ccolipng weter is therefore.

of
22k = 5.6

_ kg/w? CHy
. 35
SumSary: i :
Jzygen regulrements 0.487 w3 /m” CHy
Steam réquiremeats--' -. 0.1&7 ﬁé/mB Hk.
Sondenséte réquirems@ts_ ‘ 0.525
Cocling'waﬁer - 2.6 mon =

W.b. Sternverg
- 12/13786
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