EH 8 HiF o TREHY SEL BEd
23 e REES LK BRmd S &
of aksle] gt 2F KFEPY =R B, B
e BEn RES & + doe A= BRANH,
253 49 AA TRAA A BEESR A2 K
%9 B4 BRLshe Aolth =y o]AL EX BE
E5e] #Ee] BRESE Aol ok =, @A KR R
T#Y HES FREyHES Fifd ZFS Aot ®
B ARENA, R d2JoMEE BT B &
Fiell st KFEe RESS oFF 44 EEd e

AKEE (Hydrogen Fixation) 9] {b27} BH8L o
A AYFe FHE BHS Fd, £ 51604 & F
Q& vhsh o] At Alz" FrYots d 7 WA
Kool madel 9 EEd =z BEwE g
Bild B9 mE RoT JHSAE BE5AA FRT
th o] FolA YEhd ke B dEYoL £EE
<k 3,000,000 short tons & 7|Fo 2 Agtor o]A&
oo RES ARAEERY 429 34 FHEIAT

ADEBRe FF ERBERIEC R <7t
23] 9o, U.N.&Ho] k8] felkE # 5.2+ 1933
Woll 4 1959 Atele] 22 o] #3td AREM
9 BAE BREY BBEE LR ot BAE £

#F = ZE Reinhold Publishing Corporation o] 4 iR
%} “Fertilizer Nitrogen-Its Chemistry and Technology”r
#5249l Production of Synthetic Ammonia & W% %3
g Aol

HIE IR

A.C. Axelord and T.E. O’ Kare

RE WS £350 Bmste A& Anigine £H
3], o fERe] vt BmEE & 5 A

Lo} H— RS
(Ammonia: The Primary Nitrogen Product)

Aol ARGl Haber TH29) %ol HEMY
o2 Rhaky] DETd SRECRS HEFEo 24 Chile
o WMEFHE ARERAA Bidkste HWE Tl
Nitrogen gkoll ¥ EHEMH] &3t Chile #H<]
1850 W 58] 1900 Wl 7b4] EREAEKS & 0% 5 L
St 1914 WA ol # 50% fekastsich S
Rl 1910 4Ee], ZEREILKS £ 1.4%°] @3t
QW AREREICES 4AEEe]l 1914d7tAldE #
10%A =2 Bimstdz —RAR KL 19184 =
Chile A=} HRERY 1 LES AY 2o, &
HRAEERY #933~35%2 HE=E g, 232 Chile
MEY HES AR WAshd 1958 WolA 1959 W Alke]
e # 2% ez F4E9r 15T AREEY
o}o] HUsEE-S Aws] M@inste 1960l 1961 WAL
ol AmGRYolrt 2EFREAERS F 93%F
el gt AR E Y ok Tige] Ko 2 HE)
g BEHEl 19214 LiZkE d=Jol £EEHNE [
fFlog Aebyth 19324744 ERC = 10 @IS
e —EMERAERS 4 316,500 tons 3. 1943
Wl 17MAT, 1962 197x 64 fFTA £
6,200,000 tons & @I, =T o]n] HEHUA
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Table 5.1. Ammonia Usage in Major Fertilizer Products

s 4 s : T . fU S. gonsumptdiog
Raw Primary | Primary econdary econdary ertiary iTertiary . . or Year Ende
Material | Reactant | Product | Reactant | Prouuct Reactant [Product| Fertilicer Materials June.)1959 (short
tons
As Nitrogen:
hydro steam, ammonia anhydrous ammonia 681, 073
car-bons{ air
water aqua ) aqua ammonia
carbon ammonia
e . 482,818
dioxide urea ammon- | Ure2 solids ’
air nitric acid jum ammom’ulm nitrate a{lg, 110, 176
. nitrate | nitrate limestone solids
ammonia 1,579, 148
. . 1 [ammonium ammonium sulfate
sulfuric acid sulfate o - 549, 945
Fertilizing solutions 504, 440
As Phosphorus:
phosphoric jammonium ammonium phosphates
aci phosphate 182, 508
phosphoric [ammonium ammonium phosphate -
acid sulfuric| phosphate sulfate 336,759
' acid sulfate
phosphate  |ammonium ammonium phosphate
rock nitric | phosphate nitrate 20, 334
acid | nitric | N !
i Fertilizor Mixturees:
nigrogen-phosphorus-
potassium 14, 843,274
nitrogen-phosphorus 418,130
|
i nitrogen-potassium 279, 301
! | |

* Figures selected from Scholl, W., et al.,

the U.S.”, ARS, Annual Reforts, U.S. Department of Agriculture, Fiscal Year 1959.

“Consumption of Commercial Fertilizers and Primary Plant Nutrients in

Table 5.2, Population Increase and Nitrogen Nutrient Consumption for Selected Countries
(year 1953 and 1959)

World

Brazil*

Canada

France

India

Japan

Mexico

United Kingdom
United States

West Germany

Population in Millions

| 1953 1959 |
2 2,695
; 58 64
i 15 17
43 45
373 103
87 93
Z 33
51 52
160 177
49 35

Nitrogen Nutrient Consumption
(1000metric tons/million population)
Tnereme(s > | 1| 1999 RS
1.75 Q 2.15 2.97 6.2
2.50 t‘ 0. 23 C. 68 32.5
2.85 2.5 3.6 7.3
0.92 6.3 10.7 16.9
1.20 0.28 0.45 10.1
1.10 4.6 7.4 10.1
3.10 0.56 | 4.2 108.2
0.42 4.6 6.6 7.3
1.50 10. 2 13.2 4.9
1.20 85 10.9 2.1

* Complete data available from 1955 only

U g bl e 11Ty MELE THEEFE #
Be] oFmu]oMEEERE-S 750,000 tons 1} o) Ehng
olt}, o] & I[P £ 5.3 Frstieh. 221 1960
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Abdel glet, 2 A& B KBS THEL 9
e HUARS s gled AR =e Z-3xd
AHE3te KEE v ROl 50%L ol st ol
o, =dAEAE ERAA SREBREES] ¥ F R
B H2RAK Ho FEe RESHA KR
1950 B B8 SRS EAEC] HEstd

R 2 RS mERND KRS A% AV S

olel g FR/MEHlE B3 L AE @astz Yok
& ok=rjote] EHEY BEATHES BA, WMEY H
BERES] XF, SRS #ERE KoY BE
s el BEEE T A, IBRe FHHEHRIES
PRRAE BB AICH e BEICKS FRESe .

ol & & HiHBRfE (Market Practices) 9] —¥fE BEE
o] BmES THAZ o BEY KE5S GE" IH
9 BREZ BE A9t

et L|0F T3 (Ammonia Process)
Srmuof B TS Bad &« 2T 3B

2 MR duhe #ao] LB Bl ARt
(Synthesis Gas)9] BETRE, HBHTE 222 dzy
oFAR T}, AR/AMBETES ARHES Ee
3 EFRO WA wady,

23 BMTHELE CO 9 COY Kk, Mptae]
BrRd kFEot ERGHY/IN) S BRMOLRY Fme
HEttd, FRUFRTERS =& BES EBHT
A ERY B kT EEd FruolRe) ks
AT ol BEeaT wWol b=z piEsd
A A HRT e ARUad S mERS
Foigtthe Aoleh ol& WEe A BR/2Y #it
M EHEZNE AEAZ R HRES PSS
o fkéted = eon] =g 2R gryadsRT
el HE KREHS Bims i st

FE MR o] #% (Raw Material Aspects)

2 RRW Aol & BRS zaz0 ke Hko) 2
HRFZ M oML ERRA RS 0% solzlont, B

Table 5.2. Anhydrous Ammonia Plants, January 1, 1962.

Name of Company ‘

© W N DT s W

bl b ek b= b S e
O N DU AW =D

20.
21.
22.
23.
24.
25.
26.
217.

28.

. Allied Chemical Corporation
. Allied Chemical Corporation
. Allied Chemical Corporation
. American Cyanamid company

Apache Powder Company
Armour Agricultural Chemical Company

. Armour Agricultural Chemical Company
. Atlantic Refining Company

. California Ammonia Company

. California Chemical Company

. California Chemical Company

. Calumet Nitrogen products Company

. Coastal Chemical Corporation

. Collier Carbon and Chemical Corporation
. Commercial Solvents Corporation

. Consumers Cooperative Association

Cooparative Farm Chemicals Association

. John Deere Chemical Company
. Diamond Alkali Company

Dow Chemical Company

Dow Chemical Company

Dow Chemical! Company

E.1. duPont de Nemours and Company
E.I. duPont de Nemours and Company
E.1. duPont de Nemours and Company
Escambia Chemical Corporation

FMC Corporation

Grace Chemical Corporation

#3E W1k

!

. J -l
Plant Location (th(l;\ul;{:ngaf:r:/sl,t/z’ear)

Hopewell, Vriginia 400
LaPlatte, Nebraska 76
South Point, Qhio 320
Fortier, Louisiana 53
Benson, Arizona 11
Festus, Missouri 86
Cherokee, Alabama 126
Philadelphia, Pennsylvania 60
Lathrop, California 45
Richmond, California 115
Fort Madison, Iowa 105
Hammond, Indiana 108
Pascagouala, Mississippi 70
Brea, California 115
Sterlington, Louisiana 144
Hastings, Nevraska 70
Lawrence, Kansas 147
Paryor, Oklahoma 72
Deer Park, Texas 40
Freeport, Texas 115
Midland, Michigan 36
Pittsburg, California 11
Belle, West Viriginia 250
Gibbstown, New Jersey 75
Niagara Falls, New York 11
Pace, Florida 81
Charleston, West Virginia 24
Memphis, Tennessee 160
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29. Hercules Powder Company Hercules, California

55
20. Hercules Powder Company L<uisiana, Missouri 43
31. Hooker Electrochemical Corperation Tacoma, Washington 22
32. Ketona Chemical Corporation | Ketona, Alabama 45
33. Mississippi Chemical Corporation Yazoo City, Mississippi 117
34. Monsanto Chemical Company El Dorado, Arkansas 224
35. Monsanto Chemical Company Luling, Louisiana 184
36. Northern Chemical Industries Searsport, Maine 45
37. Olin Mathieson Chemical Corporation | Lake Charles, Louisiana 131
38. Olin Mathieson Chemical Corporation ' Niagara Falls, New York 6
39. Pennsalt Chemicals Corporation Portland, Oregon 15
40. Pennsalt Chemicals Corporation Wyandotte, Michigan 34
41. Petroleum Chemicals, Incorporated I.ake Charles, Louisiana 100
42. Phillips Chemical Company Etter, Texas 208
43. Phillips Chemical Company Pasadena, Texas 219
44. Phillips Pacific Chemical Company Kennewick, Washington 73
45. Pittsburgh Plate Glass Company, Chemical ]')ivision‘ Natrium, West Virginia 27
46. Rohm and Hass Company . Deer Park, Texas 50
47. St. Paul Ammonia Products Company Pine Bend, Minnesota 110
48. San Jacinto Chemical Division, Smith-Douglass | Houston, Texas 40
Company
49. Shell Chemical Corporation Pittsburg, California 110
50. Shell Chemical Corporation Ventura, California 73
51. Solar Nitrogen Chemicals, Inc. Lima, Ohio 133
52. Solar Nitrogen Chemicals, Inc. Joplin, Missouri 18
53. Southern Nitrogen Company Savannah, Georgia 150
54. Southwestern Nitrochemical Crop. Chandler, Arizona 23
55. Spencer Chemical Company Henderson, Kentuckey 76
56. Spencer Chemical Company Pittsburg, Kansas 131
57. Spencer Chemical Company Vicksburg, Mississippi 74
58. Sun Oil Company i Marcus Hook, Peansylvania 108
59. Tennessee Corporation Tampa, Florida 123
60. Tennessee Valley Authority Wilson Dam, Alabama 90
61. The Texas Company - Lockport, Illinois 65
62. U.S. Steel Corporation Geneva, Utah 72
63. U.S. Industiral Chemicals Division, National Tuscola, Hlinois v
Distillers Corporation ‘
64. Valley Nitrogen Producers " Fresno, California 51
Total Capacity 6, 203
Anhydrous Ammonia Plants Proposed or Under Construction

1. Amoco (American Qil Company) Texas City, Texas 165
2. Central Nitrogen, Inc. Near Terre Haute, Indiana 115
3. Dow Chemical Company Plaquemine, Louisiana 50
4. E.L. duPont de Nemours Company i Victoria, Texas —
5. Farmers Chemical Association “ Chattanooga, Tennessee 60
6. Grace Chemical Company Big Spring, Texas 60
7. Hawkeye Chemical Company Clinton, lowa 105
8. Monsanto Chemical Company Muscat'ne, lowa 70
9. Pure Oil Company Worland, Wyoming 11
10. Shamrock Gas and Oil Company Dumes, Texas 33
11. Tenneco Chemical Company | Houston, Texas 53
Total known reported capacity of plants proposed and under construction 742

(50 2855t
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Table 5.4. Trends in World-Feedstock Utilization for Synthetic Ammonia Manufacture

Usage as Per Cent of World Capacity

Feedstock
Feb., 1959 | Feb., 1962
—— - — —
Natural gas : 31 } 38
Fuel oil | 15 | 13
Refinery gas 9 ; 7
Coal and coke 5 40 \ 40
Other ‘ 5 2
1
100 100

Table 5.5. Present Trends in Feedstock Utilization for Synthetic-Ammonia Manufacture
in Selected Countries

Usage as Per Cent of Total For:
Feedstock
Belgium f France ’ Italy Iﬁ:;}aesr' ( Norwey 1 éveff;any( U.S. A, l USSR | Japan
Natural gas — 30 { 61 ! 12 i — - 7 29 ¢ 15
Refinery gas and 14 12 4 17 { — 2 8 — 7
Fuel oil 22 3 ’{ 2 10 i — 11 2 - 10
Coke-oven gas 59 | 15 55 | - 16 2 31 } 32
Water gas 5 6 3 23 — 41 8 24, .
Electrolytic hydrogen — 1 ‘\ 2 — i 100 = — — 11
Other — ‘ — [ — — ! — - 3 13 25
| wo|  wo| ] w0l 0| 0] 0| 10| 100

* Not included in cited source material but from other references judged to be crude oil.

e % 5.4, 5.5004 ¢ 4 P& wpeh 7ol [HstA
S BRI F—k fiaEREA AR 2zsF
R&yetAl = o

BEIA 83 (Synthesis-gas Preparation)

HED BRERY BEY ARCtEETES X
5.6 @ 5.7 ERetG T # 5.7 FAZRAA & 5
SlEo] HIE A BLS ARZ de TEES &ikE

SEETED BEHKRSET R . £ &
KEBomAY KETET 1 BKREERE2A
9 BB TEL (Catalytic partial oxidation) TH#-& ot
w2 ERIEE 4ol Flpd L 2o plEAE (&S
BREREC o BRERE A9 Awst A g
g Flol+,

zajz A 10 BREERTel =
(e BFEIIdo eu5dde

F3E F1Mk

TN Joe K
F-8-9 METEE

XN
w

AR HEL S ﬂﬂi)rr&‘lﬂ Bmete] XARERN TR S &
Faehe B fskd s Zlold. o] BETHEL [
—3F FATHEL ek FIASd

REE K RSE TS 9L Ed 23 258
e Ada . fiTdE R ARYRJotE:
ok 65%7F Elfkob2-9) KBRS AL &3 HEdd
= Aol wmE=d. EMINSBMAETESY HBle=

ek o] TR MRS SRl LRste] S5O
Ifﬁ;,-(:\lr-Plzmt)x RBREMES Ak KT HEE
el f29%e] WA R o Tl /it ZAojth, EBHT
AEETRS WHTE £ v EHARKE AR &
Se % A0 EuY ERERERTC) ﬁfﬂ% AE F,
EE B Bkl /ﬁt‘%}—t— 3E 2Rl AT &8
kg oot Xo 2 REdd.

— S B TR f@?moﬂ we} oejsbA] EEBEe)
TAE#AlO) Mmgtel.  AY B ele] (%3] coke-oven

gas), M RN UHAERE No/C ot A% 2e
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Zolztz BEF v}, oA te REERAA iR

B+ ok

C+ %-Oz—>CO (partial oxidation)
C+H;0-Hz+CO (water gas)

C,Hne2y + (7/2)O—nCO+ (n,yy Ho

KFES KBS REZHE Azsty] 9&ol, KK
B, RMAFABREE st o FBEAF Binsts o
A Bl B 2o A=

# 5.7 E#E v FITHEES 29 5.19 A,
B,CH4 Do @ERxmes Yelgde, oA ES Al

CiH (zp42) +nHz0—-nCO+ gn.py He  (reforming)

(partial oxidation)

C

1

(i
=1

CO+H0—-H2+COq (shift conversion)

Feedstock

Table 5.6. Feedstocks for Synthesis-Gas Production

Aols GRItABEe] HEHRE 2AES. R
R BESIEIF = 455 st wet 8 oo

Chracteristics

Synthesis Gas Preparation
Processes”

1. Electrolytic hydrogen

2. Hydrogen-rich refinery gas

3. Coke-ovem gas

4. Natural gas

5. Petrochemicall and cracked

refinery gas

6. Liquified petroleum gas

7. Light gasoline fractions

& Crude and residual oils

. Coal and carbonaceous

p =3

materials

Impurities are trace quantites of oxygen and
chlorine.

Contains 80—90% hydrogen plus aliphatic
hydrocarbons; generally no heavier than
butane.

Wide range of impurities including NO, COS,
and heavy hydrocarbons.

Easily removed sulfer compounds are usually
the only impurities.

with

olefines and sulfur; petrochemical gas may

Composition variable time, contains

contain acetylenes and diolefines.

Largely propane and butane, but may contain

olefines, COS, and sulfur compounds-

Refractory sulfur requires special treatment

for reforming.
Ash, metals, and high sulfer.

Ash, metals, high sulfur, tars; solids handling

required.

Purification by absorption and catalytic
deoxidation or combustion

Low temperature purification or more
hydrogen may be produced, if
required, by reforming.

Absorption and low temperature

purification or catalytic partial
oxidation.

Steam reforming or partial oxidation.

Steam reforming or partial oxidation.

Steam reforming or partial oxidation.
Steam reforming or partial oxidation.
Partial oxidation.

Water-gas reaction and/or partial oxi-

dation,

* Nitrogen is introduced in the air or as a purified gas, depending on the feedstock and method of hydrogen

preparation.

Table 5.7. Synthesis-Gas-Preparation Processes

Type Process

I Application

Remarks

I.ow temperature

Noncatalytic partial oxidation

Catalytic partial oxidation
(secondary reforming)

Steam-hydrocarbon reforming

I Hydrocarbon-rich gases. Also used as
purification step with other processes.
Hydrocarbons containing less than 65% H,+
CO, but otherwise full range including

crude and residual oils.

’Hydrogen comtaining hydrocarbon feeds up
} to and including light gasoline fractions.
i
|

Hydrocarbon feeds up to and including light
gasoline fractions.

Commercial operation generally at 200-
400 psig. Residual
essentially zero.

methane level

Commercial operation at pressures in
excess of 300 psig. Treatment required
for carbon in the eflluent gas.

Commercial operation at pressures up
to 350 psig. Feed must be desulfurized.

Commercial operation at pressures up
to 300 psig. Catalyst sensitive to sul-
fur compounds and olefines.

se3a
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Fig, 5.1. Synthesis Gas Preparation and Purification
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Fig. 5.1. Continued.
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THEe] Shell, Koppens-Tozck, Fauser-Montecatini,
Oesterreichische Stickstoff Werke A.G.&5o] #3143

PREE= o Skt o159 DHEE® ¥H A HAmk &
T TR SafbE FEEHG o )AL BEHHRZSH
JEitiReN A Fischer-Tropsch of k3 1 RILKFELE
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o] fEfStE RIEBRTE EEE BA}EZ, KHY
S Bk, KOEE, ERZR ARe Bt ¥
3 LS BN B W3 SRR R B
25 A Hdow ol &t = st JBIR,

WRAAFE] BRG] o] 2772 I 2 FRS
Frefbst ol FJ AT, zE = 400 psig B =] HEES]
A9 HES wEEdet, o] TEL Winkler, Lurgi,
De Mag, the U.S. Bureau of

Mines, the American Gas Association, the lnstitute

Koppers, Texaco,

of Gas Technology, the British Coal Utilization Kes-

earch Association %8 #5375l RS 3t o},
EREEY BAMETHAA HEod shae CO/
CO lt7t o [87taE 2 ot 18 F =5 gt

e 94 oo}, B4R LR £57d et
Bt PARHHE AMSE w2 BHREY 2~%E E
kol JRFEVF AREA Fong RIS I 4
e A EHE 5 Aok WEilsbe (efluent gas)
W RELRFHTES ASole FAT IQ2 3%
F kel gilre 2 o)Al &= fimERLe] Myl gl th, Texaco
TA2 PURtE 32 5.8 o] EREeh
kFERE — R{EKE AW
(Steam-Hydrocarban Reforming)

TREER — AL R RSE TR-& 137 o 8 2 Nickel
Zof o] o3 KBHE—RILAKRS] BRAKECo= HBFd
b, KfEES] e REWES BiEd 93td o4
a3bel BURFERREES ABRE, ®R =€ BRE

Table 5.8.* Typical Preformance Data for the Texaco Partial Oxidation System

Natural Gas ‘ 64° api Naphtha | 9.7° api Fuel Oil

Feed composition (wt, %)

i
|
Carbon 73.40 | 83.8 87.2
Hydrogen 22.76 16.2 9.9
Oxygen 0.76 — 0.8
Nitrogen 3. 08 — 0.7
Sulfur — — | 1.4
100. 00 106.0 | 100.0
Gross heating value (btu/1b) 22, 630 20, 300 } 18, 200
Product gas composition (mole, %)
Ha, 61.1 5.2 45.8
co 5.0 i5.3 | 47.5
CO, 2.6 2.7 5.7
No 1.0 0.1 0.2
C, 0.3 6.7 | 0.5
H:S - - 0.3
CcOs - | - 0.0
| 100.0 100.0 | 100.0
Operating conditions ] \ [
Pressure (psig) 340 ‘ 350 350
Fuel and steam preheat (°F) 900 665 630
Oxygen feed temperature (°F) 260 105 72
Flow rates, per mmcf of dry-porduct gas
Fuel(lb) 16, 354 : 18,324 19, 485
Steam (1b) none ‘ 4,625 11,043
Oxygen (mcf) 248 | 239 240
Net carbon produced (Ib) none 1 112 none-1034 Ib
Per formance Data recycled
Oxygen consumed, {t>/mcf of Hy+CO 225 248 253
Cold gas efficiency expressed as: (Higher heating
value of Ho+CO as % of fuel used) 83.8 82.7 4.7
* Presented with premission of Texaco, Inc.
RECEE B4 (55)
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BRI B (Synthesis Gas Puriflecation)
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7heash ME LAYy B BERRFEITAY BRE B
iro g _7_/145;01 ol;},
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i8] glelok o2 N FE Bk A #
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(2) KIEE a7z, i FE X e

AL B E, FR KERE WRRLAHET
.

(3 KFEF FERYMAK FEBRIA TiEkez
A Efste E|RUAY 28 Jla AREERRE
el A4E, #EEE Eatte ol F £ 59 el
Hpistel bt of el jKEEzt29t obF BES)
HyS & g17kx kel #atd Bhkd 5 don
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et REAA dgs} ol A7A i Aol A4
g B Alrtart dERYoHifbRE BRAET] fi
G T, WRERMESIRE ERSE TS HF
3 Jipzel ek, o] Bhte —THLREE BRET Folst
AR RS BE AT, v E PEHREST &
EUol FIKMME ANHHLSEA = BRI AEE el
Al ol e 7K§f‘94' FHRY REAA SES K
l g E WA T o WRESRRE)
Rl AE LEL oF B0ppm 22 zAsT glas =

£ e wTE 2294 wm 9 REEERMs

v

MeA 2 et

Zlo] ek,

538t & caustic washing.

2833



HERG 2 oF Btk

Table 5.9.

*Typical Operating Data for Steam-Hydrocarbon Reforming Processes

Natural Gas Feed

Low Pressure
(Low Nitrogen)

Intermediate
Pressure(High

| Intermediate
Pressure (Low

Nitrogen) { Nitrogen)
Ammonia capacity (ton/day) 300 300 300
Feed (mph)
CO, 4.1 3 1.30
N 2.3 127.91 16.87
Gy 642.0 564. 83 645.23
Ca 28.7 49.79 49.74
Ca 5.4 27.23 6.49
Cy 1.4 7.78 ‘ .07
GCs 0.3 08 | .58
Cs 0.6 08 | .43
G, 0.5 .08 ! .22
H,0O 1605. 5 3114. 29 2714.23
Total 2290. 8 3892. 39 3435.15
Primary effluent (mph)
H, 1647.9 2122.88 1988. 40
(6(¢] 322.4 319.27 304.26
N, 2.3 127.91 16.87
CO, 187.0 323. 67 287. 38
Cy 224.5 135.92 181.81
H,0 917.3 2148. 15 1837.81
Total 3301. 4 5177.72 4615.84
Primary outlet pressure (psig) 125 220 220
Primary outlet temperature (F) 1470 1491 1481
Air to secondary reformer (mph) 1003.9 &84.30 1010. 99
Secondary effluent (mph)
H, 1890.9 2143.C1 2096. 96
CO 530.6 441. 36 466. 07
N, 785. 3 811.53 804. 43
A 10.1 15.38 11.12
CO; 197.0 33061 299. 32
Cy 6.3 7.50 7.37
H,0O 1110. 7 2384. 79 2076.74
Total 4530. 9 6135.13 5762.01
Secondary outlet temperature (°F) 1760 1729 1754

* Presented with permission of the M.

W.

Kellogg Company.
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Table 5.10. Comparison of Some Ammonia-Synthesis Processes

! _ Approximate
Apporximate iﬁaﬂ?x Converter
Pres- Catalyst Hydro- Ammonia ‘
sure . Conditions gen Congentrat- Method of recovering Method
System Basic Converter Features ) i ions of
. Cat- . Convers product .
! egory!| Peak |ign* mole recycling
| Press Temp (mole rgole, %’
I ’ i
(atm) Rangelssy %0 oy

Haber- low | Single catalyst charge with| 200 | 499 | 918 [ nil | 5—10] Water scrubbing com-

Bosch feed preheat. j pressor

(original) i

Claude high | Single catalyst charge with| 1,000/ 499—{80(over-l — 25 | Water cooling and single | none

(original) preheat of feed in con- 1149 a stage condensation fol-
verter annulus. lowed by water scrubbing
Series-parallel operated
converters.

Claudet high | Single catalyst charge with | 333—| 538— 30—34 |3—4.5| 20 | Water colling and single | com-

(presen) heat exchange in catalyst €31 599 stage condensation. Also | pressor

Grande bed. water cooling and refri-
Paroisse geration for two stage
condensation.

Casale high | Single catalyst charge with | 600 | 454—| 30 3—5 | 23 | Water cooling and single | 2jector
preheat via internal heat 538 stage condensation.
exchange. Use of special
catalyst.

Mont Cenis| low | Internal heat exchange in | 100—| 399~ 9—20 | — . 5—12| Water scrubbing and slso { com-
catalyst bed. Use of high 1601 427 | low temperature refri- [ pressor
activity low temperature geration.
catalyst.

TVA low | Single catayst charge with | 246—| 482—| 25 5 |17.5 | Water cooling and refri- | com-
couter-current cooling tu- 3461 538 geration. Two stage con- pressor
bes. Interchanger to pre- densation.
heat feed.

Chemico low | Single catalyst charge with | 246— 482—| 25 3 17 | Water cooling and refri- | com-
conurrent cooling tubes, 346! 510 geration. Two single | pressor
Interchanger to preheat stage condensation.
feed.

Fauser- low | Interchanger to preheat fe- | 306—| 510 30 1.5 20 | Water cooling and refri- | injector

Montecatini ed. Catalyst temperatures 333 geration. Two  single
controlled by steam gen- stage condensation.
eration between catalyst
beds.

Kellogg low | Interchanger to preheat feed.| 234—| 482—| 25 3 17 | Water cooling and refri- | com-
Catalyst temperatures con- 3141 510 geration. Single and two pressor
trolled by introduction of stage condensation.
cold feed between catalyst
beds.

UHDE low | Interchanger to preheat feed.| 306—| 510 | 25—30 3 |17—20, Water cooling at high Pres- | com~

& Catalyst temperatures 426 sure. Water cooling and pressor
hig controlled by introduction refrigeration at low pres-

of cold feed between cat- sure.

alyst beds.

Lummus low | Intrchanger to preheat feed.| 266—| 499—| 25 3 |14—18 Water cooling and refri- | com=
Single  catalyst charge 333 510 geration. Two stage con- pressor
with countercurrent cool- densation.

Ing tubes. |
} ,
* Conversions estimated from trade information.
H3B HIR (59)
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Table 5.11. Effect of Temperature and Pressure on Performance

Process Section l

1. Synthesis-gas-
Preparation

A. Steam-hydro-

i
|
1
i

carbon reforming

or

Noncatalytic par-’

tial oxidation

B. Co-shift
conversion

Chemical Reactions

CHy+HyD=CO+3H,
CO+H;0=C0,+H,
CHy+C0,=2C0O+2H,
CH,+2H,0=C0.+4H,
CH,=C+2H,
2CO=C+CO,
C+H,0=CO+H,

CH,+40,=CO+2H,
CH,+20,=C0,;+2H;0
CH,+C0,=2CO+2H,
CH,+H,0=CO+3H,

CH4=C+2H2
2C0=C+CO;

C+H,0=CO+H,
CO+H,0=CO,+H;
COS+H0=CO0;+H.S

|

Increasing Temperature

(a) Results low residual CH, and
more complete reforming.

(b) Reduces reformer tube life.
" (c) Increasestube metal thickness

(d) Increases fuel consumption.
(e) Increases CO content offefll-
uent gas.

(f) Tends to eliminate variation
of CH, in effluent with minor
changes in feed rate and com-
position.

(g) Requires more oxygen if oxy-

gen-enriched air used in secon- |

dary reforming step.

| Increasmg Pressure

|

(a) For given residual CH, raises
operating temperature.

(b) For given residual CH,
requires increases in reformer

|
|
I steam flow.

(c) Increases chances for carbon
i y deposition; must add steam to
! i suppress carbon formation.

i
’ (d) Reduces synthesis-gas-com-
|  pressor horse-power.

(e) Increases air-compression
horse power.

(f) Increases feed-gas-compressor
horsepower.

(g) Raises residual CH, for given
steam and fuel rate.

Where applicable essentially the same as above.

(2) Favors reaction rate (higher
activity).

(b) Increasses CO leakage due to
unfavorable equilibrium.

(c) For given CO leakage requires
more steam.

(a) Increases conversion effieiency
or catalyst activity.

(b) Increases allowable space vel-
ocity premitting a reduction in
catalyst volume.
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C. Waste heat

I. Synthesis-gas

A. Amine system | HOCH,CH,NH,+H,0+CO,

=HOCH,CH;NH3+ HCO;,

K,CC;3+CO2+H0=2KHCO;,

B. Copper liquor
scrubbing(acetate

ZCU(I\H3)4(AC)2+ CO +2H20

CO+3H,=CH,+ 0
with residual CO;
CO,;+4H,=CH,+2H0

Cu(NHjy):Ac+CO
=Cu(NH3)2Ac

Cu(NH;3),CO3+CO

=Cu(NHg)4C0O,COCO
NH;+H.0=NH,0H

2NH,OH+CO,=
(NHy),CO3+H,0

=2Cu(NHp2Ac+2(NH DA
¢+(NHy),CO;

3H,+Np=2NH;

(a) Increasing temperature in-

creases heat recovery.

(a) Reduces solubility of CO,.

(b) Raises pressure in solvent-
regeneration system making
stripped CO, product available
at higher pressure.

(c) Aids regeneration of solvent.

(d) Increases chances of regen-
erator corrosion.

(a) Increases absorption coefficient
(kg,) but also increases equili-
brium CO, pressuse above
solution.

(b) Increasing stripping coefficient.

(c) Increases equiiibrium CO,
pressure in regeneration system

giving greater mean driving
force for COy stripping.
(d) Raises pressure in solvent

regeneration system and reduces
recovery of available heat in

CO shift conversion effluent
system.
(a) Above normal temperature

range of 500—750 F, the water
gases shft reaction takes place
to a small extent and results in
production of carbon oxides;
must operate in required temp-
erature range for practically
complete conversion of corbon
oxides.

(a) Decreases pick-upo of CO(and
residual CO,).

(b) Increases NHj; losses in abs-
orber and stripper.

(c) Improves release of CO in
regeneration system.

(d) ilncreases chemical coasump-
ton.

(e) Increases lean solution cooling
requirements.

(f) Decreases CO; content of
regenerated solution.

(a) Favors reaction rate,

(b) Decreases the equilibrium
ammonia concentration.

(c) Decreases catalyst life.

(d) Promotes hydrogen and
nitrogen attack of internals.

(e) Inereases cooling (or refri-
geration) required for product
condensation.

(f) Requires increase in gas cir-
culation.

(a) Increasing pressure increases
thermal efgﬁciency because of
greater recovery of unreacted
of steam as latent heat.

(a) Increases CO, driving force
and reduces number of vapor-
lquid contacts in CO, absorber.

(b) Reduces solvent circulation.

(c) Increases temperature of CO,
regeneration system and reduces
recovery of avilable heat in CO
shift conversion effluent system
(if direct exchange is used).

(d) Reduces residual CO; in pur-
ified synthesis gas.
Same as amine system

(a) Increases allowable space ve-
locity premitting reduction in
catalyst voluem.

(b) For given catalyst volume
improvef methane conversion.

(2) Increases CO and (CO,) par-
ti 1 pressure improving pick-up
in absorber.

(b) Increases high pressure pump
costs.

(c) Increases heat requirements
for expelling CO; in regenerat-
jon system.

(d) Promotes the reduction of
Cu** to Cu* (the active copper
ion) since it allows CO to be
retained in the solution long
enough to effect the reduction
of Cu** to Cu.

(a) Favors the equilibrium am-
monia concentration.

(b) Permits operating at high
space velocity with reduction
in catalyst volume.

(¢) Requires higher synthesisgas-
compressor horsepower.

(d) Facilitates condensation of
product ammonia in converter
effluent circuit due to increased
hydrogen conversion efficiency
and reaction rate; if pre ssure
is high enough, condensation
of product accomplished with
water cooling only.

(63)
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