€O RIMOVAL inm‘ 'ivr‘ OPPAU

The raw gas. for the. oatalytic px'ooeaaea 48 freed from CO2 at’

368”pmi,., campreessed to about 3236 psi, and passed to the fiml puriﬁoationl

~gtage consinting-of -tho-CO-removal wnit;~The-CO-removal for the hydrogens--
nitrogen gas ("Sti-gas") for the NI synthesis 'and the hydrogon ("Cogas® or .
"Hy-gae") for tho lwdrogenation is carried.out soparatelys:

Hydropen-nitroﬁen.,

- The gas’ (3235 psi.) is passed through eanpty or coke f£illed sepam-
tors in order to remove oll and water. The co ranoval unit ocnsista of ths
following equipments

. fop, hydrogen-nitrogen

B ooppor solution wash towers, 2;6 £t, diam,, 39,4 £, Yongth-

7“8 w " p 196 fto " F 3904 fto h

4 WHg -~ oo L1688 M, 39,4 £, O
 for hxg‘rogen‘ _
1-2 ooppor solution wash towors, 1.6 ft, diam., 39.4 £, length

1 NaOH " ", 1.6 £, "o, 394 f%. "
Tho connootions for the gas sud solution lihoa have a diameter of
20,28 in, for the 2.6 ft. towar, 1,77 in. for the 1.6 £t. Cu solution tower
and 3,564 in. for the [1.6 £t, anmonis bower, .

Gas flow is regulo.ted on the i’esd gas side vhich rosults in a’
prossure drop of 5988 pai..a if instead the flow of purified gas would be
rogulated, the pressurs. drop would bo 118-177 psi,, aince the flow would
havo to be throttled more strongiy because pressure variations in the eme
monia plant are noticeable at the wash towors resulting in a change in tho
distribution of the ooppar solution aooording %o the flow oonditmmx of
‘each tower,

_ The ges oapao‘ity foi the 1.6 £t. mm is 106,0004159,00(5 ou;t‘t'./
, hr.temd £or tho 2,6 .- mweE: 351000-4}5,000 ou.rto/hr, tovers axF

packed with irom volls of 1,77 in, or 1,97 in, length, After the|gas hs
. been washpd, it passes through a eolution separator and a safety bottle

fotering pf the ¢as ig-carrlod out after purifioation to.avold corrosion
. and ologg\lng of the owifico \metera, '

- Dxygen is removed b tho sopper | solution to n larg ent; the
rathydroqgen—nﬁ\krogen gas containg| 0,02«0,03% Oz whereas th ied ges
oontains only o\,ooos-. 00087 02, The CO oomoertratiop deorh ueu

- 846uB,9% \ln ‘the gas to O 01-0.,4‘527 m tho puu'iﬁ.ed‘ ges,
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. Hydrogen,

. The'same prinoiples apply as for tho hydrogen-nitropdn gas mixtire,
Tho capacity of the wash towors (1.6 fts diam,, 89.4 £t. length) emounts to -
70,500=106,000 oui.ft./hour, The composition of the raw hydrogen gas is about
“ap Pollowai " : o ———

o

1,6 o 2% COp
6 « 7% CO
8% By

. Aftor pasgiag tnrafxgh the oopper solution tower, the gas is freed from
COp in a caustic washer (1.6 ft. dlami, 39.4 £t, length), Tho gao is sub-
sequently dried with ailica gel at high pressure. The composiidion of the
completoly purified hydrogen is as follows: '

98% Hp
0,017 CO
, 0.2% CHg
1
86142 mg. NI(’;%OOO ou.Lto
. Prior to tho treatmont with silioa gel, the gas oonteins 850-1420 mg,
- NHg/1000 ou.ft., origimating from the ooppor solution, : _

A CO consertiration of 0,1% CO is-satisfaotory for normal hydrogenaw
tioa purposes, . -

Copper Solution,

- Dr, Erauch found that copper oalt solutions of wonk eoids (formis
aoid, aoetio acid, ecarbonic aoid) do not corrodo iron. For commeroial pure
poses, ammonieoal copper carbomte solution has beon soleoted; @:u:ﬂ“gg)zcos,

The complox (Cu:m’{g) eoto as o monovalent positive iom and it can add CO,
sinse only 2 of tho possible 4 ooordimte valaoos are used up, Dwo~valent
Cu compoundo.do not add CO, ~. =
The fra_a[h'apluE::n oontaing in 1 liter solutions

Boﬂ by ch m
11.1%\‘5 ™ o
1002% " " Cu
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The reao?;iona wlth diaaolved C0"o0an be roprenoxﬂ.:ed as follwn :
' 1noreaae in preasm'e,, o

._oold &
1) (¢ c + 00 g ) cos.
(1) (“ )z 03 desrease in preusure. :: 2
-heat -t CO-

' During 4his rea,ction the aolution heats up from 25° to 35°C
(779 - 96T)o

(2) 'l‘he oxoess of 1!!13 and 003 raaots a8 follova.

2NH5 + Fp0 + C?’ZV%W (Neg) co5.
NHg + 120 + oz <m—-a==-> (NEg)H cos

, (3) The oxygen preaant in the gas oxidizes the ouprous calt to
the ouprio sal¢:s - .

2 cuz*“o +0p = 4 Cu™o
(complox) (oeznplex)

(4) In the wash tower and. toa larger extent, in the pressire
reducing vessel at 4,3 pzng. and 122°F (50°C) the follewing reaction takea
4vp1aom

2060 + CO mmmmem> Cug®0 4+ coz
(5) The formation of motaﬁio oopperr
Cuz™ 0 +C0 e C“me\.al + 002
is avoided by the addititm of air to the solution after cooling, This .
oorrosponds to the reaction shown under (3) and rentorea the equuibrium

bstwaen mono= and two=valent oopper, - o

_ _Fguipmeut and Qpem‘t:in mot:loeo.

The solution is njeoted at the_top of the tower using a piston’
. P p op t.tng acaim t the|gas pressure of SZ'ES‘pai; The L];iqui,d_klevel' in
the tower is o ntrol ed by means of highe-preasure gauge glecses and an/

automatio alarm mdiwatoa lerinug of tho level bel¢w a predstermined hejght,

The splution oapacw:ity oi" tho tuwer ip a8 f}bum;p

%or th% 2.6 1& tﬁgra 13;2ﬁ'- 1 als . /Hour
or tho 1.6 f ors = 4,760 = 6

200
880 g 1g o/h]mlr

|- The a%rego aolnt:\ on reqmirmnomu for Iooo‘ou.ft.‘ of hywirogemn
) knitrogen gas are 34 gals, mf solution f\or 2.6 ft. towers o
'_of solution fok' 1.6 M:o tom(erao |

nd 38 \galﬂo
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70753 of the froah oolution required 10 brought to the necessary -
proscure by means of pressure recovery enginen, tho remainder by tv:i.n-piston
‘punps, Thore are available . :

P proseure’ reoovery engines. 39.600 gala/hom' eaoh :
~8- preasure pumpa, 9,500-10, ~ga13/hwr -each-

The total quautity of oiroulating aolution mnmmta to. about 95,000
gale,. Tho temporaturc of the fresh solution should not be- lower than B7°F,
-{14°C) since othorwise ammonium’ bioarbomto sepamtes out, On the avorage.
& temperature of 73-77°F (23-26°C) s ueedg higher tempere.turas should bo
avoided sinoo otherwise solution oonsumption would be inoreassd. .The ‘261u-
tion is regenemted by releasing the' pressure, heating and evaouating.
Blowing with inort gases as' praoﬂloed in oomo plants to save evaouation has
noi: been i‘ound aagisfaetoryo '

In genaml, the copper solution is brought . to a preaeure of about
4.4 « 5.9, poig. so tchat the gas taken up is mostly relemsed in this stage.
Slight heating (113-1229F, 45-50°C) holps the relemgs of gas; the residual
gas,_ mainly €0y, is removed by evaouation of tho solution, After removal of
the rolesscd gas is added to.the gao enterlng the hydrogen oonvorter,
_The distribution nnﬂ oompoultion of the released gas io approximately ag
follom; o

Gtm Yield. % of Ccm:poaition of Gam
tobal gas reoovored) % co % coz %Hz/ﬂz

- Progoure roleased to 4.4 psig. abmra 407 85-90 8-13 Remainder
Heating to 122°F (50°C) " . 35% 70-76 16=200 - "

Evacustion - : ® 288 . 20-30 66~75 "

At prosent Oppsu produses about 5,500,000-8,350;000 ou'£t. per
day of gas which is rcoyclaed to the hydrogen converters; the gas haa the
followin[; oompositions ,

607 co
23% CO
7% N2°)
_ i .

‘ t)m; 1c}n pred ubuﬂ}y ratdo of g and o 1n ¢
tiom 48 0,0084:0,0055, ‘ ' o }
‘ N
i M: Oppam 0 aas«oqse‘v Kw.-hx'o (1450«1935 B.t.u.) (hiLgh undl low p‘rea-

auro otean, elocwtric p‘ower) m‘ure needod for 1000 ou, f‘p ],pura gafm

h.e nol%x-_ :

suros. Fhe 80/

Pl&nm Coni*rol. ‘ ‘ o

\ 1\?!19 qmntity of the graos 1o ooz\rtrolled by orifioo meteml and ri.ng

balunoéa, the density ‘13 aubematioally retcorded and all. preﬁsuro reocrders
are| equipped with optioanl and aooutwtio alarms, \
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.. The 0 oontént of the eopper solution is determined by the thermo=
- oolorimeter of krmst, - Light of the same-intensity passes through a solooted
- blue f1Iter and through a ooll through which fresh eolution £lows continus -
ously; the light then falls on 2 thormopiles; When the O content of the
golution inoreases, 1.¢. whan tho content of oupris iom inorcases, the blue
solution bescmes darker and the millivoltmeter cormested to the thermopiles

gives a oorresponding indieation, A CO resorder (Pfunit) indisates the CO

conoentration in the purifidd hydrogen~nitrogen gas, In this apparatus .-

the €O in the gac is burned to CO2 in e oombustion tube cortaining Iz0p:
Following the absorption of the liborated Ip by means of silver wool at about

260°C (482°F) the €02 ic sbasorbed in aqueous BaCOg solution, Soluble barium

bioarbonate is formed vhioh changes the conduotivity of the comtents of the -
abporption vossel; the shanges in conduotivity are autemutiocally reocorded
vith an acouraoy of 0,001% CO, '
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