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Operating conditions

-tem perature

- Surface area, purity, concentration

catalyst

Equilibrium rate
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Unit operations

Chemical unit operation Physical unit operation

Oxidation distillation
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Flow chart (process structure)
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Industrial stoichiometry
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R&D (Research and Development)
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_§ _




Raw materials
sulfur
ore
Waste
H2504 MgSO4 CaS0O4

Coal, NG

fuel gas




Raw materials (cont.)

Homogenous Catalysis
Chamber Tower
60-80%H2S04

Heterogeneous catalysis
Contact Process
100% and Stronger acid

. Fertilizer industry :

Superphosphate
industry

Chemical Industry

Organic dye stuffs

intermediates

explosive

Petroleum refining

Synthetic fibers




Mining and manufacture of
Sulfur




Sulfur-rich
. cap rock

Frasch process

Sulfur well

Air at high pressure
Steam Sulfur/water
mixture

Steam melts sulfur;
air forces sulfur up




e Water must withdrawn N s ot Futber (e 5%
from the formation at { "'“"Weﬁ/&’-‘::fm
approximate the same
rate as it is injected to
prevent a buildup of
pressure to the point
where further injection
would be impossible .
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Clause Process

e Sulfur from fuel gases:

e H2S gas from
purification of sour NG,
coke oven gas, and H,S + :0; — SO, + H,O
petroleum refinery gas.
H2S gas convert to S by
Clause process

 Conversion 98-99.5% to
prevent air pollution

9H,S + SO; — 2H,0 + 38
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Sulfuric acid
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Chamber process
(nitrous or tower process)
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e Use NOX as catalyst
 There are three essential stages:

— Purification & cooling of roast gases in Glover
tower with concentration & denitrification of the
65% chamber acid.

— Oxidation of SO2 in the lead chambers.

— Recovery of the nitrous gases in the Gaylussac
tower.
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TABLE 18.3  Synthetic Ammonia Systems Airanged in Order of Increased Conversion Pressure

Conversion :
pressure, Conversion,  Recirruiation
atm Designation Temp., °C Catalyst % .- purzs izerts Hydrogen sources
190-160 Mont Cenis 400-425| Tron cyanide | 920 | Yee . Electrolytic or
| i bv-product H,
150 American® (arge)| 500 | Doubly promoted!| 14 | Yes | Natural gas
1 iron i
200-300 Haber-Bosch ' 550 Promoted iron 8 I| Yes ~ Water gas,
; | | producer gas
200-300  Fauser-Montecat: m| 500 | Promoted iron | 12-22 Yes Flectrolytic
celis and
; E waste nitric gas
4300  Amenican® ifsmail}i 500 | Doubly pmmﬂted; 20 - Yeu . Natural ges,
' | iron t . hvdrocarbon
600 Casale l 500 | Promoted iron 15-25 i Ye: | Various
+ 900  Claude r 500-650 | Promoted iron —10—85’[ o Nt I Coke-oven gas
900 DuPontt E 500 | Promoted iron | 40-85 | " Yee | Natural gas

e
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Fig. 18.2. Percentage of ammonia at equilibrium from an initial mixture of 31 Ha/N; gas at various
temperatures and pressures. {Comings, High Pressure Technology, p. 410. Compare Frear and Baber,
ECT, 2d ed., vol. 2, 1963, p. 260.) O ——



Mmfuchvf -- ,m«&m L Uniye “mwy ) ‘
fly 'Mf () MM%‘MM ohmM aq ;

’-«(.ed«q (#) empratin ) uhbkt sty
M feuny ol NH f"“" /“‘ “ mtmkﬂn

ﬁ“‘ d"M‘ e P,T’ (ﬂ%ﬂ‘"ﬁ “hﬂ":




A) unqqrac‘hw ot veaw Syt\ﬂﬂt'& M (Ntlﬂg .| 3) |
\- purification Ahe hydve cavhen b dsu.p.b‘n
2. Rc{om!'g Convewy i N o‘ laduuvhm ( M-tﬂb
N.G) in @ pn'nqg w‘omw b -H_tm end
" tec.odag redovmey ‘) e *'“”!J M.

o CoudMa  avzafvapey
CHy +W20 32 dnz4 ted
OEE )

CUew aiy N at g Y
W W"S + Ny (eedl)

Cermbugdion Of ua convayled C"‘{ wrdh UL
f%n m‘v) ‘um‘shs k«,{ 'fov "" S"‘ﬂﬂg
vg(.,MB reation,




3) chill Caavertion of () fo €Oy welk tdeam wiiey
~ [Feo (n0)) catelyyd .

O+ tho o+, (reth plz-gined

Yoo ¢

‘;) r""(‘u'fionb rmoval €y wiing ME Ao
hob ety or fulfind n dwe (oyy.




feed gas

— HTS catalyst bed

=l

—1— £Zn0O guard bed

water
(condensate) it

—1— LTS catalyst bed

=]

product gas
—

Figure IV.3. CoO shift converter


nabila
Sticky Note
CuO,ZnO

nabila
Sticky Note
FeO/Cr2O3


9) veme vel of ﬂté’M amovat of COL and co
o legy dhea 10ppm folad LJ medhenehicn ever
e aickel c-.h(,st (gome dimes £ llowed by MEA
or ? a Ny whath ov an emmensaded Copper
Carhonslt wath) |

N

o +lth — CHy42tho

- E) NH] "ﬂ“(lfj J V.,ﬁ'm PQT ’“‘.'n' W?‘:’
0/5 Ceavertion . (‘.Q T‘b\g \vigI“'“) / «




PRODUCT GAS

>

,i: (8<4 co,

FEED GAS i ]
» . :

oy

Figure IV.4. Principle of 002 removal by absorption in an aqueous alkanolamine
solution.

1l. absorber

2. regenerator

3. flash vessel

4. cooler/condenser

5. reboiler



F) cooling ) condenting o and Sapavation of MMy
bovored .

G) Reeiveulabicn , wi'dh Ve preisunay of wavencted
Ny & He afler oddibion of (resh M2 &M,

H) puv9 IAJ fe P'nmg nfovmcr ,‘lo vedsze
iﬂ!ft& . Rgmg ‘{ W$ :Qf: ‘

W | Kellony plant, 49 19.3, P-306 / Shreve 5™
Lummug plaat ,fiy 14 , - 29 shreve iy




¥

F’nmmy 1

el —

Naphtha or
nalural gos

Fig. 18.3. The Kellogg ammonia process. (. W, Kellogg Co.)

DESUHUHIET

i
1
L
trainrmer

Secondary :
re-former

Compressor Heal
reCcovery

B

Heat
[eCOVEry recovery

CO shifl
converter

Compressor

&‘ AMMOng
1 ﬁ retrigergtion

c b
Separator
Meathangtor Ammonia

apsorber

Compressor



LEGEND:

i HP ’
‘ I %L%?‘nm Bl w Cooling water
4 HP stm High pressure steam
. }—BFW BFW. Bo?ler !e:_ed water
R —___Ammonia refrigeration
i { . Cond. Condensate
. SULFUR i ompressor
GUARD ) - Q - Q S SHIFT \
v CONVERTER
FILTER SECONDARY X
REFORMER
PRIMARY
: 1 REFORMER Cond. g
A Cond.
: Fuel - > *
iy
! b Cond. CO,
urol_.qos Air ABSORBER
% . A [
[.wwi e <%
4 Air or W ﬂ-—{:"_"_:]
8 ‘ MEA | ”Jw:\‘a— ¥
i Og
. ABSORBER REGENERATOR ] AIr ar W BYNTHESIS
£ it o N R j;“" CONVERTER
Ry FH t C:—.- METHANATOR
—~

CARBONATE
REGENERATOR

Air or W

Cond.
return i

Stm.

Rurge gas to
primary reformer

t

" Package
—e-refrigeration|
; “unit

o

BFW Airor W

Separator \

¢

; ) Product’ ' -
LS tank ;

T ) R

Compressor

e I

Recirculator

Ammonia
product



A wleck ddagvas of Ihe pPrecesst Lfov ma i N2 Loann
- cl-lq-::ih NG shewn bl ., . - -

=

als =l -
<Hwa -+ o r'.f"";;':f: c.*i:::l-.)
T;’:-: Co =2 Ha .9
>3 e Cepetia-d
\ ! o P
Ce O +Csr, 0y
co + Fho ‘—qg—::-;.f':* Ha oott.-
( Carozlcva02 ) vavs cat -
(Cond) wace e —

( CwnJrn ) LTSeal

P s o Fos

o 4 3 _"i;_‘cl'wrmo TN et By

Ha>

vecipve enticy (Roe —s6 vE.m) 25
G'a-l-o.‘&_" ( 1Seococ e - g an ) ﬂ’/




REFORMER 1

v

REFORMER 2

;

WASTE HEAT
BOILER

¥

CO SHIFT
CONVERTOR

v

water
—_—— — = ——p

COOLER/HEAT
EXCHANGER

* L

CO,p
ABSORPTION

* L

COy
METHANATION

v

WATER
ADSORPTION

water

v

SYNGAS
COMPRESSION

E

water
—_————

AMMONIA
SYNTHESIS

l,

¥

AMMONIA

steam
—_—— —

ammonia

RECOVERY

L=

-

fuel gas

-

Gas composition

,CO»>

s C02

€0

|
O
V]

O
n

CO>

.COo

8

co

1C0:

.CO,

sieie i

€O,

JH>0

|
N
|0

JEHA

.CHg,

Sy,

v CHy4 ,

;CHy4

Temperature

°C
750 - 900
1000 - 1100
IS0 - 280
30 - 100
30 - 100
225 - 260
25 - 100
450 - 500



Calalysty FeO + pvom--lws : |
Prometevs. 3 Z(Pw‘&s £ ARy, S-’) %
17, (Yee)
premetrevs wsed de:()) provent Jhe calelyst Sm-kr:ub
ot high Temperabuve
(2) malle colalyst move pevous.
Lov (nea—premeted) fe o preduce V=5 /4 Cenversice
Sl‘&,!, Pruulvu' Fu) ” %= 9 7/, Cenv.
doub!, PmnohJ EO Io (3 =\ Z Cenv.

Ce O ditaduentese 1 () lose Jheiv a.deo't, vepid ly
if heated abeve S20¢ -
(2) deectivated by eontact with,
G, PLAs, S & co,



dhe eyact mechanism "J “MM' Sugges? o . .
either N and H - chemisorbed widh Mﬁi@ffﬁ@%g
then migrade forming H, Ny NH, WMy and PH;
4o lloved b desovpfion «

e % NHy produced (for  given eatelyrt, 7,p)

dewveasde with mmuu Space v‘dj why
Tue Space veloetly i velume of g0y ( r :

cllu.t pass ovev MQ volume 0‘ “{'d‘j}f P" AL

km .




"T\”c,.s ob convavions .

Varieus cenverdevy dﬂ\',q fowevit at Yow, mediva & high

Prenre canlee divided inte twa dypes

) '"{"""’ type, dhe “h"&'l ' M!'M,u‘ v INe Lova 0‘ -~
bed and Mpwv.hu ef wcﬁ uh‘gl{ besl ‘“"""‘4
by lowrsy inceming cold yay fo trehange heat wi'dh
oubgetny bt qmer affer every Bed i@ peiad do pust
coad bed ¥ bed ontvol o This dype taeude ¢
FauteroMonie ) Catint, Udhe & Kelfogy cenveriens,

@) sceend type is whore the eatalyst is net awanedl
O e Govm of different bad ol indhe Lorm of £1ay),
vonlinong bed , the tempormburg o whith i contifed

%9 embeded cocting pipas « Evanple am t cagale,
clende ,TVA, NEC s ede.




Mo doya T““..‘ v The modom drend i3 do wie vedial Lo
4\”! of converdevy vathy ’“'-M e above oy o Tipe.
I vedid {low dype, dv gae dlow MM(() s bead of
W (e wprnl flow dype)  The chieh adusadas

(1) tewsr pressuve dlrop

(2) exeallant heat Cusavmy ) becanie 4he ' ca hove

Yo ot Loy Wioek MNW'- beds.,
| 0) “&l -O'CNHA,J pnm“'

(9 1o easds.




8
AN
; 3 o
steam
U " < =
water
=l
+ -.
feed feed
4. £y
product g product
g —>
a multitubular convertor, b. convertor with c. convertor with
(countercurrent flow) indirect cooling direct cooling
1. feed : 2. product (steam production) (cold feed injection)

3 cold gas injection.

Figure IV.8. Four types of ammonia synthesis reactor
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