)
L
2.1
2.2
2.3
2.4 ?
2.1
2.1.1
cha, CO 2 VH
(Gas-Solid Chemical Reaction)
2.1 2.2
]
1.
(COa) (CO)

(Combustion Reaction)

(Oxygenaolysis)
(2.1), (2.2)

o/ — > C02 I H :395.5 kdmole  (2.1)



C 4 COa

Cla, Ha, CH"

C 4 H0

c 4 2Ha0

2C 4 2H20

CH

CéMH &= Ch

2-1

« For any other reaction = uhirh car. be written  lemu of the formatio
k- T0,k, lhenijr - z». v (I,

- O AHaM

2-3, 2-4, 2-5

?7==- (0 4 Ha

r==- C02 4 2H2 AH2sq

==" C02 4 CHa AH2SB

S
=

O
-~

U L L
oo o

SEArooIeR

s
=

O OOD FTHLOTHLOOUT

C ot
(@ p)

8co
[

175-5 kj/mole  (2-2)

(Hydrolysis)

131-1 kj/mole (2-3)

90.1 kj/mole (2-4)

7-7 kj/mole (2-5)

(Hydrogenolysis)

-714-8 kj/mole  (2-6)

( )
100K  1B0K
-1 g :116.'1
'K
(o
;3638:8 + 911
o

=1
=

caciioni r, auch that



2.2 N
) 5
Reaction 298 K
C4 HO—CX 4 24.063
¢ 4o0,- CO, 469.134
¢4 H—ai, 4 8905
H, 4 HO,-. H,0 4 40.073
¢ 4 2H, HO,— CH,0H[) 4 28.331
2C 4 3H, HO,— CH.OHIX) 4.29.500
2C 4 3H,— CH, 4 3771
2C 4 2H,— CH. -11.940
2C 4 H— CH, -36.674
6C 4 3H ,-cA (i> _ -22.736
6C 4 3N, 4 HO,— QH,0H)) 4 5770
HN, 4 *,H,— NH, 4 2.859
HN, 4 HO,— NO - 15.198
N4 0,- S0, 4 59.672
SCH 4 H,- hi 412.853

2
700K 1000 K 1500 K
412.968 410483 4 8507
429302 420.677 413.801
40958 - 0999 - 2-590
415590  410.070 4 5733
4 7593 4 2780 1.042
4 6832 4 15712 - 2618
- 3413 - 5719 - 7594
- 1.097 - 6189 - 5351
-13.908 - 8888 - 3035
-15.097 -13.646 -12.607
- 4518 - 6964 - 8941 *
- 2,041 - 326 - 4222
- 6090 - 4063 - 2482
423.190 415.064 4 8753
4 4140 4 2131 4 0548

.+ For my other reaction = »hich cm be wrinen in terms offhc formation reactions =, wch that

R « SC,«, then logk « Sc, log 1
"
2.1-2.3

¢ K)
. CO, CO., CHA H. list H20

p

? (527-1,227

C+ ZH

H, + 1/2 2

. 2
B l '
§32-1,500
L)
2cU 12.7)
co. (2.8)
CH. (2.9)
H, (2.10)



¢:H:0-1:05:05 C:H:0 «1:3:2

0 1.0

A
= \:O
-0\ )
.; ,,DN
= o, (4]
S 0.4k
- € [
[ - (=]
S R
-+
S g5
= goil |
— (=] b—
2 2o.o1_l
.-I l
b |
EI o
r-‘ ]
|
oootb it ¢ v 4
300 1000 2000 3000 300 1000 2000 3000
Temperature, K Temperature, K
c:H:Q=1:2:3
1.0
- H,0
~ 0.1:'
c -
S
2 |
3
o
O 0.01—
200 ;
ooco1br L 1t -
3000

1
300 1000 2000
Temperature, K

()



Quantity of each camponent in gas mixture,
moles per mole C converled

2-2

Quantity of component In gas mixture,

2.3

moles per mole C converted

Steam-to-carbon mole ratio in feed, H,0/C
b fe—o05—+ |} 1.0 le— 3.0 + 5.0
co,
co,
08—
06— H, Hy
04+
co
co
0.2
| | ! | |
OL,\' 0.5 1.0 1\6.5 1.0 1.5 2.0 2.5 3.0 3.5
Total oxygen in feed, (O,+ 15 H,0)/C
1
, 1,000
L]
Feed composition: H,0/C=1.0, (O, + 12H20)/C=0.75
Temperature= 1000 K Pressure=1 atm
0.8—
H!
-~ fco
0.6~
0.4}—
CO, Cco
H,0
0.2
CH. H,
0 I | | | | l’\, | | 1
1 23 § 10 20 50 1007700 800. 1000 1200 1500
Pressure, atmospheres Temperature, K
(Arrhenius scale)
[ 1
I ) *
0.7b ( ) G5



€14

! " (Hearth Zone)

It
!

(Combustion  Zone)

(Reduction Zone) '

, (Gasification Zone)

2.1.3

2.1.3.1
(Moving packed bed gasifier)

2.1.3.2

2.1.3.3
gasifier)

2.1.3.4

(Distillation Zone)
(Volatile Matter)

" (Pyrolysis Zone)

(Drying Zone)

(Type of Gasifier)

(Fluidized bed gasifier
(Entrained flow

(Molten media)



3.3.1 [

«

[]

Circulation) 2-1

r/’\l_

— ——
——

@mm ﬁ\‘(‘ﬁ{t\

Drymg Zoney t
»%&hﬁf ,"q:'m 3

Dlshllallon Zone

Hearlh Zone

_,9___9_,0_9
Ash Zone
UPDRAUGHT
2.4 ?} 1 1 mn

[ ]

11

b

(Up Draught) 124

[ ]
. (Down Draught) 1 2-5
2 '

(Cross Draught)

(Double

DOWNDRAUGHT

o o { € el o
U 2.5 1eUQNTRTLULRI UiN17I9G8
v

[ ]



Y

Drying Zone
Distillation [SERS .- "% Reduction
Zone - =i, " Zone
Air 1:—_:_,> i (335
Hearth 7}
Zone
/
Ash Pil
CROSSDRAUGHT DOUBLE CIRCULATION
2.6 A M) 2.1
' C73
C61
2.1.3.2
[
(Fluid) 2
8

(Direct heat fluidized bed gasifier)
2.8

: (Indirect

heat fluidized bed gasifier) 2*9



i Superheated
1t | P NS ~steam
) Waste b
Gasifier re::‘gvaetry
train -
S R (= P
RO Y ~ (as 10
é’ycione
Coal -
Steam A s
: Ash l
o receiver
{ i
UXygen Ash Ash

WiniJer fluidized bed gasifier.

no2g T ! !

Synthesis gas

Flue gas
-—

Feed char

Lift tube

Fuel fines

COGAS char gasifier,

129 1 01! 1



2. 133 [

Ufif
(Slurry) list
? 2.10
Gasifier ' Waste heat  Purification
sys,om Steam
" Oxygen : ‘ Raw g{s
Cc;al‘ ' Water
T B
Water
YWaste
water
Settle;
Coal
slurry. Ash lock
:
- Slag ‘Water
2.10 Ch3
2*1.3.4
(Dolomite) ? (Calcined Limestone)
?1 (FcO) ?

2.11



Coal feed &

Salt recycle
— Off gas
Alr or
Oxygen._\
Salt melt contalning
ash & sulfur from
coal to regeneration
2.11 ' [53
2.2 »*1 (Scrubber)
(
, « 3
1 (Inertial Impaction)
2. (Brownion Diffasion)
3. (Flow-line Interception)
L
2.
3.
o1 80
(Trescure drop)
2.3

012853



2.3

1 (Spray Touer)

(Cyclone spray scrubber)

(Impingement scrubber)

(Pack and fluidized-bed scrubber)
B- (Orrifice scrubber)
6. (Venturi scrubber)

(Fibrous-bed scrubber)

2.3

2.3.1 :
2.3.2

2.3.3
(Ethanolamine)

2.3.4

0.5-1.5

2-10

2-50

2-50

5-100

5-100

5-110

93

10

2-10

1-5

1-10

0.8

0.5

16
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2.12

RRHDGs

O, AND K, MIXTURE
W

NN
7
X LOW BTU FUEL GAS

—
R ——

50

CO, AND AR MIXTURE

il

GAS

CONTAINING
——— e
Co,

N
N

ABSORBER POWER RECOVERY  FLASH PUMP
: TURBINE TANK

2012
L (123

(2.13)

C07 + H% N====f H..CO3

’
z

DEGASSING
TOWER

(2.13)

Co0,



Z.3.
(COS), ] (CS2)
HCM t
( HCN
2.13
CO; AND H,5 OUT T0 CAUSTIC
) SCRUBBER
r Lz IN
cw WASTE
H,0 OUT
-OKE OVEN L
GAS IN ~ ho
SOLUTION ACID GAS H,0 WASH
COOLER STRIPPER COLUMN
SOLUTION HEAT
C02 ABSORBER EXCHANGER NH) STRIPPER
NHj SOLUTION
STORAGE TANK
2.13

(coke-oven gas)

] (benzene
2-5
' Co2 [ 152 ppm 1 H2
(water-w
' 10-52 ppm NaOH

)

[ NHS
ash column)
C10

18

H2

C120

C02



2.3.3
(Ethanolamine)

1

(MonoethamolaminesMEA)

(Triethanolamine TEA) ?
C02 1
(DiisopropanolaminesDIPA)
(Adip Process) (Sulfinol Process)
fa (Methyldiethanolamine MDEA)
(Diglycolamine: DGA) [
(MEA)
H2 C02
cos CS2 Ha
C02 ! MEA
( )
(Contaminated) !
MEA COS
CS2 20
!
(Overall mass-Transfer Coefficbent:K"a) MVEA
DEA 2-2.5 TEA 20-25 [ ]

I (Diethanolamine:DEA)

19



m' 1 (DEA)
COS
cos CS2
H2 C02 DEA
MEA n
(reboiler)
[ - ( Glycol amiro '

(di-or triethylene glycol)

(atrip) H2 C02

(contaminated)

(Diglycalamine)

! (Fluor Economine Process)
G0

€S2

20



steel)
C02 COS CS2 VEA

(carbon

VAR (Diiscpropanolamine DI1PA)

(Adip Process)
(Sulfinol Process)

DIPA

30-40 ! H2 C02 COS

COS

fi (physical organic solvent) ‘

H2

(Methyldiethanolamine and Triethanolamine)

7 H C02
H2 }



2.14
(Absorber)
(Rich solution)
(lean solution)
(Stripping column)

I \ .
]
1]
DRFED. | 1 ETHANOLAMINE
GAS /" SOLUTION
: STEAM
|
! { (D
\
I |
@ : L] ACID GasS
SO0SAL
by 10 D:£20S
LBl E. s
SH | o
sou: Ans.-m : @: :ED-— | : CO;JL.(I)NG
11 Jcooums !
: == : H,0 N @ =
ABSORBER &L STRIPPING
-{ COLUMN
2.14 (122
2.3.4
1 COa

jin m



(buffer)  pH 9 11
H2 C02
pH 1
(sodium and potassium
carbonate) (phosphate) (borate) (arsenite)
phene late)

Ifiu 2
70-100
(regenerate)
Co3
co2 1 -
(Alkal5-Carbonate solution)
: co2
C02
(bicarbonate)
(MEA)
C02

[ ( pee

hydroxyl) ]

23



inn 3 itsm 2 vV
X o oym co? 1 L I | en .

2.15 C02 300 ppm , ppm
I 1 Tope Dodge C12 SN
6 (carbon rsschigring) ! 5
3G 2.16

PURIFIED GAS

STRONG CAUSTIC

=== PARTIALLY
< /| JspENT X:OH
¥, | caustic> (SOLID) WATER
/
£ FRESH
FEED GAS[ =) D5 CLUSTIC
P

/(u.TER.'.',:T TENT
:ﬂ Y LDOITION)

—
SPENT ‘T’
CAESTIC _ 34 5
(INTERMITTENT

DISPOSAL)
ABSORBER NiX TANK

30 =
0% CONVERSION T0 SODIUM CARBONATE

s

ASSCRPTION COEFFICIENT
K;2, LB MCLES/(HR)(CU FT)(ATM)

2.0 =
/
70 |
PACKING: 0.5 IN CAREON RINGS
L #1600 LB/(HititSD F1)
G+ 190 LB/(HR)(ZQFT)
1+ T78°F
1.0
0 | ? 3 [l

SOLUTION CONCENTRATION, TOTAL SODIUM NORMALITY

! ' ' ». . . 1 ; !.I

(L«nk )izl



C 2. 1C 31. WAV mi»
ark'i " 2 N »: -

|
1 ». "
(Hot Potsssiurr. Carbonate Process)
Vo ooy . -Perlt Prose 7.
fir» tn {1 ‘. IC Cu
Minos C0s ) * 0y
» Ca AV
». ; CO, a :: ;
£.17 : Benson Fie
‘ ; 1 (Activating Additive) »
L I bl
PIP £0 GAS
190 °F
't—)\:\’ r-_7
F= =1 )
\ ’ !
NS 5
3\06 r"SI\G co
PSIG ‘C\Q Il \‘ g,' 2
,” ‘\\ COOXL {"‘JG 4 ' C001Ur.-:,
' WATER - =, WATER
rtww‘sL"5 @ i L..
301 RICH LEAN
i |soLution [ soiution steen ||
g ; S ahery Tl couvensere
iz I - e =
ABSORBER REGENERATOR CONDENSATE
ACCUMULATOR

. . B ( av o'l < . e /
o3 REMISIIEUIUNY m'.w.'n'mmﬂt-;m;i.T'm-:n sbdsdvinumay iy

()/it strenni :ij <BJLiniy (]
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2,0 & ! CL1%01 T o

7 COr 1? g v il
' : [1-] ? .. 5924

Williamson 2. Mathens [ss] ! 7 <(2 w7
% el ;2 ?
? .. Bureau of Mines
ol ks 1okt tfiii] it liw I 7T %oDUile J§1* cl» Hii'vv.L i
! ' : 27
A , =h ?
(Potass b .: bicar- bonste) oo

2.18 C02 o
C02 ' ,

7]
) A
] /
1 {{Z’,/V
, ,71,71}71,
A
771
g V?/ -
|| /)
=
-l
H ViV,
- P wan e
S 157
/]
1/ o0
R f
) / ane'c
K} 4 m‘r
7
a
L] 20 @ »® ”" 100
PIRCINT OF K,CO, CONVIRTID 70 KMCO,
I 10 At o )nrl

) U113



gas)

Prairie

(carbon steel)

0.2 C02
C12

2 (New Activated
Benfield Process)

|
(Benfield Ccrp)
(C02 500 ppm)

2.19 2.20

(Crude Hydrogen)
! ! I

KEA
(unactivated solution)

[ ( ) (feed

3 (Catacarb Process)

: Eickmeyer arid Associates of
Village, Kansas «
(Additive)



= |
: i
I i I
i i
5.0 . 3 o
! : i
H H |
1 .
g 4.5 1 1 1
: i
5 4
8 4.0
= .
5"
' "UNACTIVATED '
HOT CAREONATE
3.0
2.8
2.0 ‘
! NEW :
! ACTIVATED . :
: BENFIELD
1.5{ P | ! ! |
0 100 200 300- 400 - 500 600

2.19

]

GAS TREATIING PRESSURE, PSI1G

i@ N A 01 A 3



1.6 ,
% :
1 ! ’
1.4 : . W
i \ I
1.3 I !
5 =N
1.2 1 : '
1 X

UNACTIVATED

r\\\\\sioTCARSONAIE.'. )
- |

|
H l 3 I
NEW ACTIVATED |
IELD

- o =]
w

e
‘g

Y

ANNAL CPERATING GO8T. Min IS @ .. DOUARS
o

(=]
(=2}

£
w

0 : 100 ‘200 3C0 460 500 4 €00
GAS TREATING PRESSURE, PSIG
2.20 al
! ( 2.19)
0.5 0.008
0.015

330 [123

201



(Desorption)
C02 C02 (Crude
Hydrogen) H,
1/4 (Grain) 100 . C02
300 ppm [ 15 20-30

4
(Giammarco-Vetrocoke)

(Arsenite) C02 ¢1G

I

C02
5 (Rectisol Process)
co2 H2
NHCH (benzene)
(Gum) (M ethanol)

C02 H2



[ C02
? 150 psig.
2-1 ?
2.4.1 ?
? 2 [17, 18
2.4.1.1 ? (Physical Adsorpti
van der Weals adsorption) (Reversible
Process) (Internoleculer force)
2 ?
2.4.1.2 ? (Chemisorption)

(Irreversible Process)
(Bond)
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[173
H=-11,360
H=-(2,000-3,000)
H=-35000
{ } 2.4
2.4.2 (
1
50 12
(pore)
1 Gasmark
Charcoal 1,000,002
] 1 . 2-5
1 (Fuller’s earths) (Clay)
(Florida and Georgia)
(Magnesium alumina silicate)
(decolorizing) (neutralizing) (drying)
1 ! ’ !
(kerosenes) (gasoline)

<Washing)



2 A

Heat of adsorption

Rate of adsorption

Specificity

Surface coverage

Adsorption above
critical temperature
Adsorption at lev.
partial pressure
Adsorption at high
partial pressure
Activation energy

Quantities adsorbed
per unit mass

fi

Physical Ads

Small, same order as
normal liquefaction

Controlled by resis-
tance to masstrar.sfer

Low.Entire surface
available for
physical adsorption
Complete and exten-
dable to multilayer

None
'mall
Large, may extened to

infinite amounts
Low, nearly neligible

Hi gh

cm
Chemisorption
Large, many time

than the heat of
normal lig"

Controlled by resis-

tance to surface
reaction
High.Limited to
active stie on the
surface

Incomplete and
limited to a unimo-
lecular layer

No restriction

Large

Slight increase
High, corresponding
to a chemical

reaction
Low

33
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2. (Activated clay) J
(Bentonite' (Activate) (]
?
x> [ ’
;oI
3. (Bauxite) (hydrated
alumins) £30-Si5 ! .1
. ! L
it 1A %
(Alunins)
- . (desiccant) 3
A ;
(Bone  char) (destructive
distilldt: .) Voo " )] 630-900 LiSfirlile Ml 1
(N - i I LI PLIMUSLLG T 1t
L (Decoloricirig carbon) ,
I (VegetablC matter) (1organ:C
substance; C&CL (Carboricing)
(Leachi ) (Sawdust)
(pumic stone) ;' - !
T » (carbonaceous) ! L A |
"l "l T« (Silver)
(So -adsorb. Tit carbon) ] -
=rerut 100> ) ) .- 1 Jy [ 11 I
" (-, ivntid) il (partial i i ) ]
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311 o)
A 1
y (Molecular-screening activated carboni
5-5.5 (°A)
, o 14 - G0
(& (paraffin  hydrocarbonl &
risoparaffinl e | - ., (acetylene con-p.e -
N
9. o ! . If tv, (Synthes: polymeric adsorbents)
b Ronsjlar1ilG) gl ovh i
dqueo..  lutions ! i L- (1'Schit £) C0OE0 D' e
A
10. Vil Cogel) A
'L precipitat ion) Vv k14T " .
Lrn o1 % SLIPIAT L e
11, "] (Molecular sieve-) !
i[1 (Zeolite) 1 % [ 7 (Metal aluminosilicate) )
* ! 3 b
1 ». " - Yirl 1, "

(olutioill



[

+ Jinline

rl

b2t b |

3
4*
5.

w

i CICJT B oV cDfiiLUlis2L
) fulfilo Ui

N
(Pro ture drop)

Jin ..

80

nu

40-512
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; b [ 1C3

(Silica gel)
(Silica-hase heads'

| (Activated alumina)
at 2 (Alumina gel b:11)
1

? (Silica g
) v I LAs LS o 1h

. lo7. I ; P - ”

silicate) (Coagulate)
1) prvaNCEe 4" 5Ca) !

IR e v 1] y roap oy oy Ty gy o o yon u

410:1 oG OWIHIifi0 1+ {440\, [rrt 5 C

i:1C3 (Si0,) 93.71 percer,:.
Irsn as Fe,0 0.03
Alurnininurn as Ai000 0. 10
Titanium ¢ TiO,1 0.0
toiil inurn as Na“o 0.0
Ca .ium a- Cad 0.01
Zirconium as Zr0 0.01
Tt ' Ifemiits 0.0;!



o b Lt , ' 1COP 1710 ) 1 . &

1L vl :C :..“’,;If, (pariiu] pressure) 9§ 1" i

500 ———31—1 st
[— < DATA OF 1AYLOR : 74-7 297
400f— D DATA OF HUBARD 3 =37 p
[ &4 EXTRAPOLATION 1 AL e
[ W:LB ADSORBI( WATER PER LB _ p W, f
100 — OF DRY SILICA GEL P Al LA
1 > A 4
bt Z &
& |=3 oata 1o i LeFT of [ :
w200 THE DASHED LINT ARE [
S EXTRAPOLATED
'\; 1 1 i 1
& o o e

20 2.0 12n h o L -1"3ce - i L Mybi! Sorbesd)

tinni . 14 GKORN6UNIVERSATY;, ' 3> *( ' .1
) | Ti 22 -
iv, N S U g I
W& o - WV LERiLG. T Buffer dvsiccani) B0 ;-
I£" L 222 "1:1: Zrrbosd )

—
H
=

ef_‘:_
-

—
~
<
o
=
N

liiiul L) W2 Ml ) T il i et
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asd A £.22

2.1 £12
Alumina (Ala>a 92.00 percent
Loss on ignition (Ha) 6.50
Soda (Na,0) 0.90
Ferric oxide (Fe,0,) 0.08

% ibrium Cl
of. solid adsorfients versus  rel-
afive hum| S|I|cagé data
[rom DaV|son Chemlcal §I Acti-
vated Alumina, data Irom Alyminum
ComJ)any ol America (4); acti-
; vated bauxite data Irom Amero
0 2 40 €9 50 20 el al (/); molecular sieve, data
RLLATIJE WUM DY - FER CENT [rom Union Carbide Corp ()

2.0 V [



4, (Alumina-Gel Balls, Alcoa Activated)

Alumina H-51)
1/8
1/4
2.22 2.8
2.8 el
T
900  per-cent i
|
Ma, 0 1.4 |
Fe,04 0.1 '
i A 1 i
Loss ignition 6.0
B. (Activated Bauxite)

(hydrated alumina)
(alumina trihydrate)
2.9

, ' 2.22



2.9 C12

A1203 10~75 percent
Fey 3-4
| A 11-12
TiO, 3-4
Volatile (Water) 4-¢
If "\ (Molecular sieve)

Vv
912-50 billionth of
an inch in diameter) [ 5
2.10
5 (Molecular sieve)
L. (low
relation humity)
2. [
3.
4,
(adiabatic drying)
5.

6.
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