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1941 to 1951

ol owmel ollel, o] F @Rt A MBI EBIR BT
Figeel olo] Wl RS Freh, B MELE 2L
By B gt RS stz = oS
ﬁi SEFol $iEH BB HES) HiESIHS HEd, 2
g OfE AR RN HHEE gt el RiE

3}"%, auel A& EAsks Qe et

o123t M obmvjof A HM ’Wg& T

I, RAE I hY gRE e
ol #EMo R ket HERE I 9/‘ %“:}
ﬁi A 7 ERsc] BT BES 88 W A
otk o] FejAE o] HEY HEHE £ 5}“1 &‘?‘l
Ao pEe %4 BEsEd 1A 2A T

Lo THo] #R

Figs 1~7 & AR 1940 5% =58 F5l
clz7 78 Bift hmvol TS EarEE e
il

=Ag, 19404 THe. HHEMNeZ KR
ETdA B d=Jos: GRetz, —Mt KK &
{be] —BREE AA, obul prge KT Mt KR
ook, AR BEERol R MER —MibE Tk WSS
Bk, K fﬁiﬁ-ﬂ B, ololA dEyel GRS A
Hey 9l%d W95 ko] AAA, ST B W
e E a’zﬁﬁ}ow H Lol & KEEEAA 60 Ib/in? 2,
o]l A 150, 200, 300, =HEUl £ FitelA & 500
lb/in? 747 KBEG e, o M Eodel. —Mb KRR
o] Wik FRE —BrelA “Rez. Eiidie KR 4
b= ZEEse], —B=ke EASIAE —RIERES

70)

§3

2 0 4 Lon
_;L

. -
D .o £5
P YA
RERERRLE

N N AN 4

Y R TR
\ '4 L
1 b L K
ﬁ ‘J J.’jxi! i
]’;5 t = S

sa €O Heat e,

nnnnnnnnn ab H

Low # Twa Stage COComeraion  Aetia

Fig. 2. Ammonia synthesis gas prepar-
ation, 1952 to 1953

L__J

Natural
Gas

Suifur Primary Secondary
Remava. Aetormer Reformer
90 paig
j —
H Cé)
! i \
| i '—r_“}« ] To
{ ‘ Ammonia Syathesis
,_DJ e
it i Reactor
i W
——k Comp
o Copptr
AM‘I.":(: Liquur
MEA Suruboer

Fig. 3. Ammonia Synthesis Gas Preparation,
1952 to 1853

BE A 7] =

o} 28T,

SIS ¢EYol TERAEE HEI]
ok olieh, ek —FRLR ZRELIRFRE

F7) 98-e = eHk (methanation) S HA, #H¥{t=
ﬁ.l':m —Fafbis miber €4 M ki aRe FRE
Brzisha s,

PRl EEE &réf HEo) gl WEM eformer
furnace) 8 HES BEE WEILCDS B Fitd =
gt EE &/\Eﬂ et 2y, A2 g e
Bz HIte, WHEENE BAZ 71 Ao

5



T HREEE BT RS

Natural it
Gas Pt |
’ 1 \ {
H
/
WHS Primary €O
<0 Abeo rber
Sulfur Primary  Secondary Coavartar MEA
Removal Reformer Reformer
130 912
To Ammonis
Synthesls
2~ Resctor
)
Secondary co, Methanator
CO Converter Absarber —
MEA
diate Prevaurs ® g - Two

Stage CO Convernion Mathacation

Fig. 4. Ammonia Synthesis Gas Rreparation,
1956

Watural
Cas
i, ! o
Converter
w 5 B
Suilur
Removal Piumary Secondary
Reformer Reforme:
250 ps:g
' = To
! Ammecria Svrthesia
LE?;l Y Reactor
\
|/
]
Comp
Copper
co, . Liguor
Remaval e Sczubder

Fig. 5. Ammonia Synthesis Gas Preparation,
1960

Nat

Convertet

Coglee
Secondaty
Sultur Primar T Secondacy <o
Removal Reiormer Retormer Convertee
200 perg
[ 1

To Ammoma
%" Synthesis Reactos

co,
Absorder
MEA

Methanator

Fig. 6. Ammonria Synthesis Gas Preparation,
1981

ot o ME HRol BEEML e Bt
Mg vz Q7 ol e, —ERS FEYel
hd FrELE Y Kok @ 27e FEA A

onl, @, BHE B AfolddoR KER
fEs meT ¢ 9A a5 EENY g
2 Tigol AAA %EY BT BIAF22H &
g, mER BhRe fike ARsEs 2EE &
HEEEHS ERAE, TR KEtziE B RR
e e Wikt —EERE KEAe=Z AT
& oA FPo], HREMeE MERIT Wi e

g3k WM

oo 2

Satfur Retormer
Removal 300 paig

N
RN
i\ N To
VAN o Ammonia Syn.
Reactor
co; Methanator
Rumoval
MEA

Fig. 7. Ammonia Synthesis Gas Preparation,
1963~1969

o, 2% ohe BE AR AT WTY Bic=sx
Fryetam BEdl FEE + A =Hel, BARE
gxg 5 AA S
Biggel €T

e AR, BOETY R EE HEL of
U, e At 204 B¢ HEEDE TEE
=y}, Table 16§14 Figs 1~7 oA RS Tl #
& Ryl Mg (FEYet ARE B BHRE
B3l

(71)



| BT RS REE

Table 1. Catalyst Requirement for Production of Ammonia.
(plants correspond to Figs 1to7)

‘cost of catalyst at time of initial charge purchased, $/daily ton of Nliz

|

Plant | 1 2 3 4 5 6 7 8 9
Year built ’ 1941 1952 1953 1957 1938 1961 1963 1964 1963*
Desulfurization i 75 34 54 21 3 57 54 10 10
Primary reforming | 430 304 142 152 71 51 3 49 30
Seconary reforming 965 — 351 126 85 76 61 31 32
CO conversion 870 672 383 230 240 174 126 129 185
Methanation : — 690 - 415 180 94 80 63 25
Total l $2,340 1,700 30 944 615 432 360 312 282
* Catalyst purchased in 1964. Table 3. Effect of Improved Catalysts on
Ammonia Plant Capacity.
Table 194 29l ule} 22 L] Wlbe o - J T —
Plant LA B C
2 FERelw — - _—
1. Be %E IC))rlg)m:l capaf:jtylL()r;/]dzly' 2(;((; zg((; Sgg
Present capacity, ton/day 3¢
2. Mike KA talvar oo . on
o . Incremental catalyst cost © 300, 000 26, 000 26, 000
3. M fRee] BF Catalyst cost per incremental | 600 260 290
B A PIRA, S Ehe e pEe 5 daily ton of NHs | -
e, o] BRI ME 2o HRMeZ AT o spe WAslIg oy, hiE 289 5w tﬁj}[ ,
T DA 51914 ol Table 2¢] ® gt o] Table ® gyl meledas MiE HESY %EE BioAd
194144 1956 4Rell A o=, of M el M e fEedol Btk ol Bk HE TRHLE
HEEE RREEA 351b/in® guage, oJeA 80, mF  sgoltigpn f7rE DUk Ased SEALIKE Briifol
W 150 1b/in? guage 2 = Qick, 2y, o) HiR Miinayel WStz = @ 1};‘9-"— L sk ok =gl
e, ke BEE BN SEE kel oA, on, AR FEFdE EHES mistd &S &
kaﬂﬁ.i%uw+éﬂ Bn oeEnte] BEe Wi KAD PE} ﬂ%d,ﬂmtbﬂ(&1%$% &£ -
K & 7 = x UWH BT (Edd ARE HAe ‘}3*3.‘1£, t2]
THAA X Erd HE R A 2t
Table 2. Effect of Reforming Pressure on i) Bfes MK ReBeh BfE el e 2
Ammonia Synthesis Gas Catalysts costs. kel o,
Plant 1 2 3 4 ¥ FERS KD
Year 1941 1950 1953 1956 kel AR ASe] SRe = dihel Mg
Pressure, 1b/in? guage I 6 35 80 150 = 73R, PTEL pREE AR B glen]. o)k Table
Catalvst costs fm, 766 1,037 930 912 4ol Helw

(ex NHj synthesis)
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Table 4. Effect of Improved Catalyst on
Ammonia Plant Fuel Requirement.

Plant D E
Capacity, ton/day 320 600

|

|

|
Incremental catalyst cost |
per daily ton of Nl

Fuel savings(1,000 std ft3

$102.00 $ 83.50

natural gas/ton of NHg) 0.40 0. 46
Catalyst pay-out in days at o -
35 ¢/1,000 std. ft3 : 730 520
sharg
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Table 5. Catalysts Costs for Typical
Ammonia Plant.
(Catalyst purchased in 1963. Table shows hypothe-
tical cost if catalyst had been purchased at prevailing

prices in other years.)

Catalyst cost per daily ton
of ammonia, $

Year 1936 1938 1963 1964
Desulfurizaiion 62 54 54 50
Referming 254 170 100 98
CO conversion 475 220 126 126
Mecrhanation 215 142 80 _ 72
386 360 346

Total | $1, 004

lysrs

©. 50

1957 1998 1959 1960 1961 1962 1963

Fig, 8. Composite Price of Catalysts for a
Typial Ammonia Plant 1957 to 1960
(Basis: 1937 cost=100)
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