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100 1000
o | L 200
80 |- 800
+
70 L NH4 700 \ NH3 _
600

60 |-

% (C)J

o MH3 + HoO = MHg" + OH 500 -\

40 |- E 400
30 - 300 \\
20 200 1""‘"-..
i pKb
o A 100 engineeringtoolbox.com
b L A N 0 —
2 3 4 5 6 7 8 9

10 11 12 13 14 1] 10 20 30 40 50 [{1]
pH 9 10 Water Temperature (deg C)

Solubility (g gas per kg water)

o Solubility of Ammonia - NH, - in Water
YU I =

IS R - 5 B -
NH, “J<f| g3 8 #9527 [FRAEHT o 56 M/atm

http://www.engineeringtoolbox.com/gases-solubility-water-d_1148.html
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FIR IR BRI 1

Al > ?‘Nﬁ ~ ST E

F BRELER TFT-LCD Zii %ﬁ%&
SRR
F IR e Bt Wl iy PPy | B | R R
L1 By ALY L By AL AT ALY
ERAHIEA s 0.2 ND ND ND-6.1 ND
([HEIE 7.4 7.4-34.3 1.6-17.5 ND-1.2 4.8-26.9
B 5 17 53.7-88.5 1.3-32.2 6.1-12.5 150-848
Sa 35.4 33-163 0.5-35 9.3-52.8 300-986
A 43 87-197 3.6-53.2 9.3-60.1 327-991

YRR RS RTHIER o ]l AP (97.9.22)
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R | E B R — TMAH
P s - g 2 PR
G S
BT s g NELE 54 R )
PR FEEE (mgl) | ihEl (CMD)
WW-1 300 120
WW-2 800 80
HF 60 900
Scrubber 800 -
Cooling tower 90 100

SR 7l NH,-N 59 80-120 mg/L
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%l ﬁ- & 5}3" N:‘l’ Zn Homogeneous

NH, —Cd®* —NHy————— - c’:'_'j.d—‘ Particle

N H4OH "I*'f’“ j Zn(NH,);" + SC(NH,), + 20H — “ °° ’

ZnS + CN,H, + 2H,0 + 4NH, o

Chemical Bath Deposition - }H o N B M particle Stiking
CdS & 4% T L
v * yrod] o °
0303383308 wow | oo T
NH, —}:di'—NHnOH'éNH,—\q‘;/_ NH,’l CA{OH)2{NH;);SC(NH;): I—»cas _’W Cds N é}
l | Zn¥  Substrate & » J\ ‘32_

CIGS

CdS

Cd*
NH,: 100-5,000 mg/L SC(NH,),

IMW # 4 NH, £ £ 150 kg/day NH,OH
C(NH,), ...
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Aspen plus 53 [HIS A A=

‘

M-S0
RO
F
903
=01 [e2] EAEY
C—{2010 ! @E a0z
L
507
o0 507]
= - .
T L Foos

CBD k& -k % -k k& (NH,=0.75M
Frpésr ik & =0.01M
ok B =0.6M

g =12 CMH

oz g ok CBD At i % ’}i’gﬁﬁ
"z g (kE AR (NH,

AR A CBD Bt K p AApsE s B » » FAEE AN » F 7 #9753 5 kp 7%
- BORRA EF R AR R gk -

y

3 i e L

& >95wt%
>15 wt%

g, A
=

=
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T Simulation results
2+ 96.9kg

Q=20L/min
E901  15.2wt%

B5v- 1145kg

o
1'3OWt/° 03]
004
1902 E-902
908 907
st
> -
902 U P-904
TepR 1201.9kg
£ N7 30 1.33 L F ;T £ 1] 59 3,392 71 o BRI 2A F Bﬁ IEE
St PPM 500, itz AR (1) _J E 7% * 28.8 2P CBD i g;mw%[j%g gl
68.9C 15 735kg 25Wt% F-1¢) 1) 2 5ok O R gt » B F I B 5 6,615 7 pLﬁF
ER N S ?@i@ﬁ"“ l‘* A U Ipti CBD Sifle ™t 2 I SR F |

] S B RS
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Bench scale 2=~ Z5GH [F1 S

BN e Bench Scale & & {7 3% Z 435 1 & 21
e =

O BB E > BHETEZZEE
B 50 mm

20
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NH,OH | COD . NH,OH | COD pH
3.15wt% | 9,400 mg/L | 11.5 29.7wt% | 162mg/L | 12.7
Flow rate C CBD w
48.6 g/min | 80.0 LGUT
Room temp.
< ::: Steam Flow rate C
11.4 g/min | 105
Waste
<_>
NH,0H |COD pH

798 mg/L | 6,890 mg/L. | 9.8
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o FREEREE |V CIGS 7&5;{,%}[1 > El ;ﬁiﬁ;’} HII£% Mo/CIGS/
CdS/TCO( ﬁﬁﬂ@?&ﬁfﬁ )/Ni-Al » H F[l Mo ~ CIGS ~ TCO [}E%lﬁ‘%
Bt B e
Cds BB (S (CBD) 3Vl » 4 CBD GUE = ogk
Iflllp'} HI%% SmM pY CdSO, "ﬁ?ﬁffz » 5 mM PY Thiourea "ﬁ?ﬁfﬁj‘} * 1M
gl 13~ TR - SURREIR IR 70°C 23Ry 20 ST - 5K
CdS BV CIGS B84 %] DI - &F| [P B 2Pz > B RgIfe
TCO AR | 35 BB

. %ﬁ’bﬂ/#ﬁ%ﬁi HIF[I{H =] Newport Inst., Model 91160A 7[§§’F 12 EFAYR
£ 300 W IV Xe %5 » 355 E) ?E[]E‘jiﬁ',@ﬂ?ﬁ]ﬂ?‘i 25C » AM 1.5 o

S
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[ 22~ | #] F'J?EIJ?:‘%I?EJ
% =0.141 cm’ — Fresh

9
<
T

[
(==]
T

Voc Jsc F.F. | Efficiency | Rsh Rs
V) [(mAem®) | (%) (%) (Ohm) | (Ohm)

Fresh 062 | 24.435 70 10.687 5602 24

Recycle | 0.62 | 24.204 70 10.521 6532 25
1 1 1 ] 1 1

Cell

Current density (mA/cmz)

=]

0O 01 02 03 04 05 0.6 0.7

V (Volts)
Sample Voc Jsc FF Rsh Rs Eff.
Fresh 0.62V |24.435 mA/cm? |70 5602o0hm/# 24 ohm 10.687
Recycle 0.62V 24204 mA/cm> |70 6532 ohm/# | 25 ohm 10.521
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2 HIEI‘L‘?FJ’FQE[ I

X IR - B RTBLE

AT ~ FIF ~ ST

—

2 2V (A) 2 237~ (B)
Flow rate: 2,500 kg/hr
Temp. ~30°C
Components
Ammonia 0.7 wt.% 6.0 wt.%
Water 99.3 wt.% 94.0 wt.%
Urea - -
[FIf 5 <(A) [z 1=(B)
Flow rate: 87 kg/hr 750 kg/hr
Temp. <40°C
Components
Ammonia >20 wt.%
Water <80 wt.%
Urea
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Heat and Material Balance Table
Stream ID 1 2 3 4 5 STEAM
Temperature C 30.0 70.3 39.5 100.0 65.0 120.2
Pressure kg/sqecm 3.033 1.200 1.033 1.033 1.033 2.033
Vapor Frac 0.000 0.000 0.000 0.000 0.000 1.000
Mole Flow kmol/hr 138.827 138.827 4.887 161.695 161.695 27.754
Mass Flow kg/hr 2500.000 2500.000 87.031 2912.969 2912.969 500.000
Volume Flow | cum/hr 2.537 2.645 0.098 3.174 3.053 455.199
Enthalpy Gecal/hr -9.403 -9.300 -0.282 -10.803 -10.905 -1.582
Mass Flow kg/hr
WATER 2482.500 2482.500 69.625 2912.875 2912.875 500.000
AMMONIA 17.500 17.500 17.406 0.094 0.094
i UREA
@ j Mass Frac
WATER 0.993 0.993 0.800 1.000 1.000 1.000
AMMONIA 0.007 0.007 0.200 32 PPM 32 PPM
UREA
3 ?[‘F;T%EPEJ : Mole Flow kmol/hr
" . WATER 137.800 137.800 3.865 161.689 161.689 27.754
¢ ?&%fﬁ%]‘“ EJ 6 7["9‘,[ }_[“ill,%ﬁg?“ AMMONIA 1.028 1.028 1.022 0.006 0.006

¢ PRS2 RTERE
o [FUSYRE £ 20wt % [V 259 87kg/h > NSk >98% o

¢ [PUESRARRFF ) Z 30% - [HFHR chiller water JipkE» [ IBRIFm 15C

o BERSATIINREZ » 558 'J~E%§7‘L§'.& 500~700NTD

* 20wt.% I ONTD/kg 7 - T ERfIAT 2 > P+ AT aipv RS % -
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AR 6 49)) EIRAHL -
= S ESC i

AT ~ PRI ~ 5T

e L i’ WJ?L‘E -Er -6 Wt% ,ﬁ g:.‘ 7}‘

Heat and Material Balance Table

Stream ID 1 3 4 STEAM
Temperature C 30.0 63.5 395 100.0 65.0 120.2
Pressure kg/sqem 3.033 1.200 1.033 1.033 1.033 2.033
Vapor Frac 0.000 0.000 0.000 0.000 0.000 1.000
Mole Flow kmol/hr 139.253 139.253 42.113 147.097 147.097 49.958
Mass Flow kg/hr 2500.000 2500.000 750.000 2650.000 2650.000 900.000
Volume Flow | cum/hr 2.605 2.701 0.847 2.887 2.778 819.359
Enthalpy Gecal/hr -9.063 -8.970 -2.427 -9.828 -9.921 -2.847
Mass Flow kg/hr

WATER 2350.000 2350.000 600.001 2649.999 2649.999 900.000

AMMONIA 150.000 150.000 149.999 0.001 0.001

UREA
Mass Frac

WATER 0.940 0.940 0.800 1.000 1.000 1.000

AMMONIA 0.060 0.060 0.200 273 PPB 273 PPB

UREA
Mole Flow kmol/hr

WATER 130.445 130.445 33.305 147.097 147.097 49.958

AMMONIA 8.808 8.808 8.808 <0.001 <0.001

UREA

o [pUSIEE 5T 20wt.% I 2553 T50kg/h o ISR >99% -
o [USSARE T 30% o [£I5R chiller water JEE-» Fﬁi"'ffiﬂ’%"“lﬁf& 15C
o BEHEINEZ - 59D T T4 1,000~1,200NTD
¢ 20wt.% SfT] ONTD/kg 5t - IFEFEITHE & - F G2 pi-r ﬁ!‘}_'* (7 7 Eray gy

BAEEHE o )
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RURIHAS 0.7 wt% FL5* 6 Wi% FL -
7 ﬁ yit 99.3 wt% 94.0 wt%
Ef 2.5 CMH 2.5 CMH
TR ~30 C ~30 °C
[Fil s >98 % >99 %,
[ g 20 wt% 20 wt%
Zax Ayt kg Hf ~ 8 NT$ ~1.6 NT$

BRoLE RS PO E Mt
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4. ;ﬁ‘ﬁ?*%
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A

R FUE AR | Rl R G
VEE | GRE
& Pk HFEE Jﬁupunwp f’ jﬁj TR _V?EJ 2" Fﬁf}* TR NS b (T HEE £ B R
lapipaien) = | gy S S
AR 2 YRy oot T
S S PH A g s | EEEEEEERAIRET ) @ E gl sgy -
Hl%ﬁ Y 5 5 FEAT il
FFIR 2 50 T2 BRI PR | T
P’f~ B,% £ (SN I [
FEPIR | REERRERE GERR | ERTEY L
EENE ?’?&ﬁ& e NIRRT INE A
(A =] MR
ER
B | AP ERERES | fR | g | Sk RELEELEA
TP, e B ] o
AR

SRR, EPA-99-G104-02-
215
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©NERE RS EAE B (AR, 2001) o HRFOIRIR R -
BTl - F-IH ERSE 2 R (N0 S POIRR BT T Ty H s el &
SR HIEERER RS RAETR

© N FEFTRCIRE RS T (2 FE,2009) o (R SRR
PRI R £3 7.6 Clo-kg/NH-N-kg > ' Frff# 14.3 kg @8 (as
CaCoO,) o ﬂﬁﬁlj?ﬁ’l‘,‘?’j’égjﬂﬁ ) %T@Ei £% 8 ~ 10 Cl,-kg/NH,-N-kg > t' pH
PRaZlee 6 ~7 VRIEE B G -
NH,*+ 1.5 HOCl — 0.5 N, + 1.5 H,0 + 2.5 H* + 1.5 CI

© P BRI (EPA-99-G104-02-215 5 FEERHE ,2001) -
BRI IS RIEE R T 0.0 mg/L > JREECRISS A o 20 MR
HRIRE 2B -
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© T SRR N Mg FI PO,EPA-99-G104-02-215) - FI'J%
5???5#@ NATIES: £54,°] : &1 BN MgNH, PO ,=6H,0 (Magnesium ammonium
phosphate, MAP) iy » [F={> & flfjj??sj%@?ﬁt % 2.5x10-13 » R NI B

Mg + NH," + HPO > + 6H,0—~MgNH,PO,*6H,0| + H*
Mg + NH,* + PO + 6H,0—~MgNH,PO 6H,0| + H*
Mg?* + NH,* + H,PO, + 6H,0—MgNH,PO =6H,0| + 2H"*
R BRSO B pH - B RRIRE L E R
i pH BEE 9 ~ 11( :Fﬂ (% ,2002) > ¥iF=pH [@fXfF™ > n(Mg?) : n(PO}) :

(NHH)=1 : 1 : 1> n(H;PO,) : n(MgO)>1.5 : 1 » SR 15 RI
S 99 %(3 #H# ,2009) -
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10
_  CaF, A5
O NaF+CacCl,
7 pore 1
';ey‘n (&5 gl ® W.W.+CaCl,
s X f”;’ RERE B
7 IFE#I A5 B Gt
6 -
<
QO L A
= GEr)
Y 3 Ca/F=0.6 |[pCa-pF=0.22
L <Ca/F= D.8 pCa-pF=0.097
2 |— R, Ca/F=1.0| pCa-pF=0
QELED
©
0 | | |
0.0 1.0 2.0 3.0 4.0
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HIPO4 MfCI I O, MfCI
Wastewater — |pgCc| | —— | 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: PO4: Mg NH4-N: PO4: Mg
' (mol ratio) (mol ratio)
1&2 1.0:0.9:0.9 1.0:0.6:0.6
12&13 1.0:04:0.5 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
Wastewater chemical FBCI1 effluent chemical FBC2 effluent NH,"-N
NO. |NHNT ss [Po. [ Mg [NH,/N[POS [ Mg [ SS | PO, Mg NH,-N | PO,> [ Mg® [ 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 98 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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A FARUITEERST(ZRST, 2008)  H R EIREATE LV IRERE
PUEAE) JEREES ) ISR R PR S EBPYE  SE
PEIBARLE T TR o A ERAR EE R T RE - AR T S
(2003) €71} P 53R 3,000 ~ 3,200 mg/L RV 5 B RP - H I RS
S 085% ') I o

Copyright 2011 ITRI 1 # $ e 7 f



T EETMRFER fF - EF - A

Industrial Technology

Research Institute ‘_Ls E:
Q ‘~ , >

©REZ RIAP ARG RIAEE SR GRF, P88 F ) o R
BAH IR - AT o IS AES SRV RS R
F3 0 FIFR I R RORE R %“E;fvj‘ pH (fi3 10 [ - £
PV R 85% (5 i + HEEY) ﬁﬁr— Bb o pH iR =
10.8 - TL5(Fy [ ,2002) » B P98 (BT 50k 5 2,500 - 5000 g
m?/ 7 -m? > 7~ FJ'[E‘* 2.5 - 5 m¥*(m?-h) -

+ HRE RV R R SEORIEES . BERIOR RIS
B oo

RS pH I BOSERES Ey  £ BRI
CO, - "5 CaCO, ki -
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Typical design parameters for stripping tower

Table 11-35

Typical design parameters for stripping lowers for the removal of VOC ond ommonio®

em Symbol
Liquid leading rote

Air-to-liguid ratic® G/l
Stripping foctor 5
Allowoble air pressure drop AP
Height-to-diameter rafio Z/D
Packing depth® Fa
Foctor of safety SF
Wastewater pH pH

METCALF & EDDY, 4th Edtion

Unit

L/m -min
m?/m?
unitless

[N/ m)/m

m/m
m
%D, %2
Unitless

voC Ammaonia
removal® remaval®
A00-1800 40-80
20-60:1 2000-6000:1
1.5-5.0 1.5-5.0
100-400 100-400
=101 =10:1
1-4 20
20-50 20-50
5.5-8.5 10.8-11.5
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H
0.04 y,=—C (11-82)
Py
BC ) : . ) .
SoeC where v, = concentration of solute in gas leaving the top of the tower, moles of solute
per mole of air
« 003— | | 30°C atm [mole gas/mole air)
@ H = Henry’s law constant, F
& (mole gas/ mole water )
E | 201G P = total pressure, usually 1.0 atm
= C! = concentration of solute in liquid that is in equilibrium with the gas leaving
= 0le— the tower, moles of solute per mole of liguid
10°C
-E | Using Eq. (11-82), Eq. (11-81) can be written as follows:
| f
P
* o ~ ' c=Ltxte -c) (11-83)
i | G H
(e stmosphans) If it is assumed that the congentration of solute in the liguid entering the wwer is
a in equilibrium with the gas leaving the tower, Eq. (11-83) can be written as
0 .01 n.02 0.03 0.04 G P _C.-C, —_—
X = male NHy/mole HyO L H C,

METCALF & EDDY, 4th Edtion

20°C, Ammonia from 40 to ? mg/L R.E. 80 %, Air required=793 CMM
EiEl-l~El 800 CMD R.E. 90 %, Air required= 892 CMM
R.E. 95 %, Air required= 942 CMM
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N O
Pall ring® Berl saddle®
CQJID
N\
Tri-prsn::ks'ﬁi:I Raschiﬁ ring®

Z( PR ):NOG( i A )XHOG( Eefasi)

For most applications, the height of a transfer unit ranges between 0.3 and 1.2 m. As a rough estimate, 0.6

m can be used.
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Figura 8-, Helical spray nozzle
Figur= 8-3. Solid cone nozzle

Al > ?ﬂ‘ﬁ ~ ST E

{(a) Trough and weir liquid distributor (b) Perforated-tube liquid distributor
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R RR-FETY CBD SRR
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FREVRPF IR
G/L=500 » 3 2IRFEZ 80%
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1825 T Bl | R

Pkpsflt PH : 5~9
M (BK) 1< 35 C
WPEET SS 1 < 200 mg/L

Htf'f’lﬁTé,‘?&ﬁ‘ BOD : < 200 mg/L
SFAEl COD < 400 mglL

ﬁﬁl As < 0.5 mg/L

AL TN : < 40 mg/L ( E'ﬁj%ﬁ?ﬁjﬂ)

e TP 1< 4 mg (EFRHD
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#1544k NOy
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AFB i&w-k
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NO3' -N )f@f‘i‘;%
(kg N/day) 81 126 180 230 284 342 400
R £
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Wi F
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Anaerobic (Anoxic)
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°COD #Fl—— CH, (FY%(*)  ORP : -200 ~ -300 mV
°SO2BFT  H,S (FREERUE) ORP : -100 ~ -200 mV

“NO, R " N, CE)D ORP : 0 ~ -100 mV
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e A e ,E:K_??‘ éj:“ -é?“ fb‘}i f;u"_"FlEp g

NH," + 1.32 NO,” + 0.066 HCO, + 0.13 H* >
0.066 CH,0, N, s + 1.02 N, + 0.26 NO,- + 2.03 H,0

Nitrite- : Cell cytoplasm
mducing | SrnileeS lend b
enzyme

' .Hyd razine-
oxidizing

Anammoxosome

Ahn et al. (2006) Sustainable nitrogen elimination biotechnologies: A review. Process Biochemistry
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SRR A nammox B P ﬁ e

H

ki)
Candidatus Brocadia anommoxidans
Candidatus Kuenenia stuttgartiensis
Candidatus Scalindua sorokini
Others

FUSV I RS

SR PERD RS RS PSR 2 RFRER R
Doubling time 74 11-14 =

Fuji et al. (2002) Journal of Bioscience and Bioengineering
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Reduction of oxygen supply

e e R T o
Need not to supply external carbon source for denitrification
PRI - AR AR

High nitrogen removal rate under high cell concentration of

anammox bacteria

pipr

Can apply for wastewater with high ammonium
concentration ( low C/N ratio )

R P

4
MV —
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L A SR TR
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Filtrate flow
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Anammox process

NH,* + NO,— N

Copyright 2011 ITRI 1 # $ e 7 f



T EETMRFER fF - EF - A

Industrial Technology

Research Institute _»é fﬁ‘%’?ﬂu‘?&eﬁ#\l

-
+ BRSO mg/L SEFT 160 mg/ LK | T e o
RE S AT R .
=) . o™ LR
- HERIRFTE 80-85 % P | e T
i : ., et o

— THERES. IR 80-90 % BRI

40 o

- REAREFFTS% (HIEPE | oW 0 v
TR Lose 7] . s

280
incubated sludge re-saeded sludge
.
. * - +
200 + +HOZH In OHOZ-H Eff.
. . * .
> hd >
- P
- ‘.
Ld -
[ -+, g oy -
s Toe . st Y * %
g " - * - 0. LR} ‘.
T 180 - wiihiE + *
e -
o . . -
s * L +*
a *
; .
S oo *
*
[=hd *
o
i @ o of
- * |:I|:|‘:I o4
D&D o a @
o
o [ off, ® o
oo u%pmnm n & L % mas © L.
a
o a0 100 150 200 250 300 350
O ate (d)

Copyright 2011 ITRI 1 # it 7 [



SRS [T (R

Research Institute
e

[
/ 4444

¥ ’F“F]f“‘ ( partial nitrification ) + Anammox

NHI | partial NOz / NHZ Nz / NO3
—_— trificati o Anammox >
(100) | MTMEaNON 150 1 50) (90 / 10)
* SHARON process + Anammox
NH,* NH,*/NO,-
—» SHARON » Anammox
(100) (50/50)

* CANON process
— Sharon process = anammox 5¢ 81— 5 g7 |55 S Tk
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o I R
— First step: ammonia oxidation bacteria (AOB) }}‘—‘]’ NH, & {™*
B NO,
— Second step: nitrite oxidation bacteria (NOB) /& NO,” {55
NO,

* il NOB > +§vp AOB P IR RL A ] [ o

T BT ZERT fF - EF - A

— Temperature (Jubany et al. 2010, Water Research)
— Free ammonia (Park et al. 2010, ES&T)
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R I:I EF’FI j}i(‘r

_ ﬁ%u [*FR P47 an der star ea al. 2007, Water Research)

_ ‘}'%% : MBBR muea200 5 Sponge

_ ﬁ;lt\Lﬁfs : ‘I\%‘ﬂ | uiietal. 200 3 VAT

— MBR
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