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Using Henry's law [see Eq. (2-46)], v, is defined as follows:

(11-82)

- -
L St r I p p I n g fo r I I l u I a where y, = concentration of solute in gas leaving the top of the tower, moles of solute

per mole of air
atm (mole gas/mole air)

H = Henry's law constant, ;
= - onry s ¢ (mole gas/mole water)
— Mass flow, NTU, sizin Py = ol s, sy 10 i
] ] ] € = concentration of solute in liquid that is in equilibrivm with the gas leaving
the tower, moles of solute per mole of liguid

faCI I Itl eS’ . Using Eq. (11-82), Eq. (11-81) can be writlen as follows:

L Py
X

o=
"G H

(C,—C,) (11-83)

If it is assumed that the concentration of solute in the liquid entering the tower is
in equilibrium with the gas leaving the tower, Eq. (11-83) can be written as
G_Pr_C,—C

G_P GG (11-84)
L H i,

B i e Dnvanic . - DY sl . el

e Aspen plus software Sdes [ %3 acs speiuon

— Mass & energy flow, NTU,
sizing, facilities, ....

3(FP BLOCESEP,.. M= K1

< S|Pl

i
2
g
o

A0 D5 1 "5 2 75 1 TR 4
Time Hows

FAERT REM: fLEsH
. |

Copyright 2012 ITRI 1 ¥ 3 itsF7 7 2




T REX AR

aFr %‘EF: AR
f Industrial Technology
Research Institute p

il
=
<
v
i
i

i

- :??“FEE';I

ik G

7 MV Fl < iﬁﬂtﬁ*l ﬁEIJZL“FEﬂASBEL’
Sk (5, 2571 A IS @ﬁ 3, EH S FEREH

i [J -

o [
o FITIRFHIA T o (RLEST BERak © RPREVART  R{ESEE)
o (B SRR EIEOIE ] o AT (ST VRS R ¢ REETE o BR(EFERIE S
- R

Copyright 2012 ITRI 1 ¥ 3 itsF7 7 2



o P
I%iﬂﬁﬁﬁ%% £l ~ ?5*}% ~ 53 E
f Industrial Technology

Research Institute

CIGS™ P Frir - CBD B 12

- . i _ [ Homogeneous

NH, —Cd* — NH—PCd 1—‘ Pml‘i'_?....._

NH, '\‘ :_,-"b o,
cds
“““ ' s J

CdSO,, SC(NH,), .
N H4O H NH‘-OH I Zn(NH;)¥ + SC(NH,), + 20H"— DD ’

ZnS + CN,H, + 2H,0 + 4NH, °
o
Chemical Bath Deposition ‘ v 0

OH + s=c "H’-b ‘o M +{HN=C=N-H

H

Yy By Products

{Lﬂvﬂvﬂﬂﬂvﬂﬂvﬂvﬁd& NH | NHS ! oH oH / ..................... :000

\/
NH; —Co®* —NHj + OH'<>NHy— Gd— NH; ] CAOHMNH,)SCNHD: | s [ Cas

\ /
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CdS
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SC(NH,),

NH,OH

C(NH>),
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NH,: 100-5,000 mg/L
1MW # 52 NH,#t < 150 kg/day
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Fig. 1. Principle of the extraction process.

Source - Ammonia removal from wastewater streams through membrane
contactors : Experimental and theoretical analysis of operation parameters

http://www.purity.se/company/technologies.html  and configuration Chemical Engineering Journal 160 (2010) 530-537
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o BB T RCEIFSHpVNGR = I pHIE ~ ST~ 2 EaRE .S ﬂﬁjﬁﬁ}
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Wastewater ——— | FBC1 |— | Relay tank —— |FBC2 |— FBC effluent
4000CMD
Chemical usage of two-stage FBC process to remove NH,*-N
Run First stage Second stage
NO NH4-N: PO,4: Mg NH4-N: PO, Mg
' (mol ratio) (mol ratio)
1&2 1.0:0.9:0.9 1.0:0.6:0.6
12&13 1.0:0.4:05 1.0:04:0.3
14&15 1.0:0.7:0.6 1.0:04:04
Experimental results of two-stage FBC process to remove NH,"-N
W astewater chemical FBC1 effluent chemical FBC2 effluent NH,"-N
NO. [NH,-N| ss PO, Mg NH,*-N [ PO, | Mmg** SS PO, Mg NH,*-N | PO, | mMg* SS Removal
mg/L | mg/L | mg/L | mg/L mg/L | mg/L | mg/L | Mg/L | mg/L mg/L mg/L mg/L | mg/L | mg/L] | efficiency%
1&2 170 3 980 5,100 47 32 16 155 700 3,400 31 ND 160 08 82
12&13 313 772 5,100 168 ND 72 233 902 3,400 85 ND 70 222 73
14&15 502 2,450 9,500 198 ND 49 125 1,260 6,400 69 ND 90 375 86
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NH4+ +1.383 0, # 1.982 HCO5 0.18 CsH,0,N + 0.982 NO,” + 1.036 H,0O + H,CO;

TN lg l[
NO, + 0.003 NH4" + 0.01 H,8Q; + 0.05 HCQ§ + 0.485 O, M 0.003 CsH;O,N + 0.008 H,O + NO3

TErS)

NO;™ + 1.08 CH;0H + 0.24 H,CO; —— > 0.06 CsH;O,N + 0.47 N, + 1.68 H,O + HCOs-

NO, +0.67 CH;0H + 0.53 H,CO; ———— > 0.04 CsH;O,N + 0.48 N, +1.23
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Two competitive routes for selective catalytic reduction of NH; o e
ZE N S gl
Indirect route Direct route o -
N, — NH, | e——) N, FFII'JF'I_S‘;‘« IEEF 0
N-O bond Ty N-N bond A
IiSCR l“":' I r][ﬂj %< SCR™ & r][ﬂj %= SCOM ke
Q, ¥ NH, 3 i
/NO «—NH;0," «— NHz* —> N,Hs"—>N;H, % 2 N,O NOR %1 Frigd O,
[ V,05(010)
S - I J. Phys. Chem. C 2011, 115, 21218-21229
SCO ( Selective catalytic oxidation ) SCR ( Selective catalytic reduction )
SRBF (A ER G- R
4NH, + 30, — 2N, + 6H,0 — S [TRE[ERE T HTERY £
Catalysts: Co,0,, MnO,, CuO, Fe,O,, V.0, ANH; + 50, — 4NO + 6H,0
MoO,, WO, 4NO + 4NH; + O, — 4N, + 6H,0
Catalysts: Pd, Rh, Pt, RuO,
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