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Amine Application for Feedwater Treatment in Japan
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Industrial Plants

Factory Steam Generation Plants (low pressure, no turbine)
- Used in most of units
Industrial Power Plants (turbine equipped)
- Used in more than half of units
*Easy handling (low volatile solution, lower irritating to eye/nose/throat or lung)
Prevention of ammonia attack on copper alloy/FAC on Carbon steel

Electric Power Plants (Electrical power industry)

- Not used
*Stainless steal/titanium use instead of copper alloy
High-pH operation using ammonia

Secondary Cycles of PWRs

- Used in some units (ETA)
*ETA has been used since 1990s (after started in US PWRs).
High-pH operation using ETA (~ 10mg/l) for constant low-Fe (< 2ug/l) operation
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Amine Application Practice on Industrial Power Plants

MITSUBISHI
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Data List (1/2)

Provided by Kurita Water Industries, Japan

Unit Ammonia [ Volatile Amine Oxygen | Const- | Operation | Unit Co;:zl;ate Sampling Press. | Temp.
No. Species Control Target [ Scavenger | ructor Start Type Point
mg/1 % MPa °C
A MHI 2002 Conv. Main Steam 17.0 540
0320 LP Sat. Steam 04 149
B Ammonia (PH@25°C others 2002 IP Sat. Steam 2.7 565
9.0-9.6) CC. i[ll)) Sat. :team (1)252 ;g:
at. Steam .
¢ others | 2005 HP Sat. Steam | 7.51 | 514
D Ethanolamine (ETA) 2(9.3) others 2003 Conv. Main Steam 6.1 405
E [sopropanolamine 3(9.4) MHI 1975 Conv. 98-99 Sat. Steam 12.0 515
F 15-30 Hydrazine others 1699 LP Sat. Steam 2.0 215
. (9.2-9.4) HP Sat. Steam 6.2 510
Morpholine C.C
G 20(9.3) others 2004 LP Sat. Steam 0.5 221
HP Sat. Steam 4.6 403
Isopropanolamine 1.5(9.1)
H Morpholine 15(9.2) others 2004 Conv. Main Steam 14.7 569
Ammonia 0.5(9.1)
. LP Sat. Steam 0.5 185
I Morpholine 4-509.1) others 2004 C.C 60-80 HP Sat. Steam 93 0
J Isopropanolamine 1(9.0) (Organic) | MHI 1960 Conv. 52 Main Steam 12.3 538
OH
Ammonia pK,=4.76 M.W.=17.03 NH, Isopropanolamine pK, =4.29 M.W.=75.11 A NH, H
ETA pK, =459 M.W.=61.09 HOo Morpholine pK,=5.68 M.W.=87.12 ()
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Amine Application Practice on Industrial Power Plants

Data List (2/2)

MITSUBISHI

HEAVY INDUSTRIES, LTD.

Provided by Kurita Water Industries, Japan

. Ammonia / Volatile Amine Steam (after cation resin) Steam Make-up
Unit Oxygen Water
No. Species Control Target | Scavenger | C.Cond. | HCOO | CH3COO | TOC IC TOC | NH4 TOC

mg/l puS/cm | mg/l mg/l mgC/1 | mgC/1 | mgC/1 | mg/l mgC/1
A 0.24 == == 0.016 | 0.006 == = 0.072
21 - - . ! - -
B : 0.3-2.0 3.35 — — ?).?);?) 8_883 - | — 0.200
Ammonia (PH@25:c 0.31 - - 0.090 | 0.007 - -
9.0-9.6) - - -
C — — — — — — — -
0.23 - - 0.031 | 0.005 - —
D Ethanolamine (ETA) 2(9.3) 0.33 — — 0.185 1 0.013 - — 0.120
E Isopropanolamine 3(9.4) 0.8~1.0 | <0.01 0.11 — — 1.450 — 0.022-0.1
F 15-30 Hydrazine — — — — — — —
Mompholine (9.2-94) 0.68 - - 0.125 | 0.048 - - }
G 20(9.3) 1.05 - - 0.345 | 0.100 - - 0.354
0.35 - - 0.101 | 0.010 - -
Isopropanolamine 1.5(9.1) 2.78 — — 0.424 | 0.019 — — 0.280
H Morpholine 15(9.2) 0.63 - - 0.140 - - - 0340
Ammonia 0.5.1) 0.41 - - 0.057 - - -
. 0.46 0.2 0.2 0.077 | 0.072 — 1 0.300
! Morpholine O 071 | <01 | <01 | 0130 | 0080 | — 0300 -
J Isopropanolamine 1(9.0) (Organic) — 0.5 0.7 — — 0.450 | 0.100 | 0.044-0.1

There is no turbine

corrosion failure
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Amine Application Practice on Industrial Power Plants 4 mirsumsi
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Water Analysis Data of Unit-E (on Test Operation Containing Cleanup)
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Theoretical Calcuration of Cation Conductivity
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HEAVY INDUSTRIES,

Theoretical Cation Conductivity@25C [uS/cm] of
CO, - CI - HCOO - CH,CO0 Mixtures (1/6)

CO,=0mg/!l  Cl=0mg/l ~020S/m ~050Sem [SH0ESem (HONSERS
CH;COO [mg/]]
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

0 10.055]0.091 | 0.145 | 0.204 | 0.263 | 0.323 | 0.382 | 0.440 | 0.498
0.01 10.111 | 0.168 | 0.228 | 0.288 | 0.348 | 0.407 | 0.466

0.02°10.191 | 0.252 | 0.313 | 0.373 | 0.433 | 0.492

0.03 10.277 | 0.338 | 0.399 | 0.459

0.04
HCOO 0.364 | 0.425 | 0.486
0.05 | 0.452

[mg/] 0.06

0.07
0.08
0.09
0.10

pK_ =13.997 pKa (CH,COOH)= 4.76 A" (CH,COO") = 4.09 mS* m?/mol
pKa (HCOOH) = 3.75 A" (HCOO") = 5.46
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Theoretical Calcuration of Cation Conductivity 4 mirsumsin

HEAVY INDUSTRIES,

Theoretical Cation Conductivity@25C [uS/cm] of
CO, - CI- HCOO - CH,CO0 Mixtures (2/6)

CO,=0.05mg/l Cl=0mg/l ~020S/m ~050Sem [SH0ESem (HONSERS
CH;CO0 [mg/]]
0 0.01 0.02 0.03 0.04 0.05 0.06

0 10.208 [ 0.253 | 0.300 | 0.349 [ 0.399
0.01 10.273 | 0.321 0.472
0.02 10.342 | 0.392
0.466

0.449 | 0.499

HCOO
[mg/T]

pK_ =13.997 pKa (CH,COOH) = 4.76 A (CH,COO") = 4.09 mS* m?/ mol
pKa (HCOOH) = 3.75 A (HCOO) = 5.46
pKa (H,CO,) = 6.11 A (HCO;) = 4.45
pKa (HCO,) = 9.87 A (112 CO>) = 6.93

© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 7



Theoretical Calcuration of Cation Conductivity
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HEAVY INDUSTRIES,

Theoretical Cation Conductivity@25C [uS/cm] of
CO, - CI- HCOO - CH,CO0 Mixtures (3/6)

CO,=0.1mg!l Cl=0mg/!l ~0208em  ~050S/em [SH00Scm [HONSERS
CH;COO [mg/l]
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
o | 03260368 | 0411 | 0.455
0.01 | 0.387 | 0.431 | 0.476
0.02 | 0.451 | 0.497
0.03
0.04
HCOO 003
[mg/l] 0.06
0.07
0.08
0.09
0.10
pK,, =13.997 pKa (CH,COOH) = 4.76 A~ (CH;COO") = 4.09 mS* m?/ mol
pKa (HCOOH) = 3.75 A" (HCOO") = 5.46
pKa (H,CO,) = 6.11 A+ (HCO,) = 4.45
pKa (HCO,) = 9.87 A (12 CO2) = 6.93
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Theoretical Calcuration of Cation Conductivity
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HEAVY INDUSTRIES,

Theoretical Cation Conductivity@25C [uS/cm] of
CO, - CI- HCOO - CH,CO0 Mixtures (4/6)

CO,=0mg/!l  Cl=0.02 mg/l ~020S/m ~050Sem [SH0ESem (HONSERS

CH;COO [mg/l]
0 0.01 0.02 0.03 0.04
0 |0.250 03120373
001 [ 0.337 | 0.399 | 0.459

0.02 0.486
0.03

0.04
0.05
0.06
0.07
0.08
0.09
0.10

HCOO
[mg/1]

pK_ =13.997 pKa (CH,COOH)= 4.76 A" (CH,COO") = 4.09 mS* m?/mol
pKa (HCOOH) = 3.75 A" (HCOO") = 5.46

pKa (HCl) = -3.7 A (Cl) = 7.631
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Theoretical Calcuration of Cation Conductivity
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HEAVY INDUSTRIES,

Theoretical Cation Conductivity@25C [uS/cm] of
CO, - CI- HCOO - CH,CO0 Mixtures (5/6)

CO,=0.05mg/l Cl=0.02 mg/l ~020S/m ~050Sem [SH0ESem (HONSERS

CH3COO [mg/l]

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
0 0.445 | 0.497
0.01
0.02
0.03
0.04
HCOO 0,03
(me/ll 1506
0.07
0.08
0.09
0.10
pK_ =13.997 pKa (CH,COOH) = 4.76 A (CH,COO") = 4.09 mS* m?/ mol
pKa (HCOOH) = 3.75 A (HCOO) = 5.46
pKa (H,CO,) = 6.11 A (HCOy) = 4.45
pKa (HCO,) = 9.87 A (112 CO>) = 6.93
pKa (HCI) = -3.7 A (C1) = 7.631
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Theoretical Calcuration of Cation Conductivity
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HEAVY INDUSTRIES,

Theoretical Cation Conductivity@25C [uS/cm] of
CO, - CI- HCOO - CH,CO0 Mixtures (6/6)

CO,=0.1mg/!l Cl=0.02mg/l ~020S/m ~050Sem [SH0ESem (HONSERS

CH;COO [mg/[]

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
0
0.01
0.02
0.03
0.04
HCOO 003
(me/ll 1556
0.07
0.08
0.09
0.10
pK_ =13.997 pKa (CH,COOH) = 4.76 A (CH,COO") = 4.09 mS* m?/ mol
pKa (HCOOH) = 3.75 A (HCOO) = 5.46
pKa (H,CO,) = 6.11 A (HCOy) = 4.45
pKa (HCO,) = 9.87 A (1/2 COZ) = 6.93
pKa (HCI) = -3.7 A (C1) = 7.631
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Theoretical Calcuration of Cation Conductivity 4 mirsumsi

HEAVY INDUSTRIES, LTD.

Theoretical Cation Conductivity@25C [uS/cm] of
CO, - CI- HCOO - CH,CO0 — SO, Mixtures (1/2)
CO, = 0 mg/l CH,COO = 0 mg/l ~020S/m ~050Scm [SL0CSkcm [HOESERE

HCOO =0 mg/l SO4 [mg/]]
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
0 0.055 | 0.063 | 0.073 | 0.084 | 0.098 | 0.112 | 0.127 | 0.142 | 0.159 | 0.175 | 0.192
0.002 1 0.066 | 0.076 | 0.089 | 0.102 | 0.117 | 0.132 [ 0.148 | 0.164 | 0.181 | 0.197 | 0.214
0.004 1 0.080 | 0.093 | 0.107 | 0.122 | 0.137 | 0.153 | 0.170 | 0.186 | 0.203 | 0.220 | 0.237
0.006 | 0.098 | 0.112 | 0.127 | 0.143 | 0.159 [ 0.175 [ 0.192 | 0.209 | 0.226 | 0.243 | 0.260
0.008 1 0.117 | 0.133 | 0.148 | 0.165 | 0.181 | 0.198 | 0.215 | 0.232 | 0.249 | 0.266 | 0.284
0.01 10.138 | 0.154 | 0.170 | 0.187 | 0.204 | 0.221 | 0.238 | 0.255 | 0.272 | 0.290 | 0.307
0.012'1 0.159 | 0.176 | 0.193 | 0.209 | 0.227 | 0.244 | 0.261 | 0.278 | 0.296 | 0.313 | 0.331
0.0141 0.182 | 0.198 | 0.215 | 0.232 | 0.250 | 0.267 | 0.284 | 0.302 | 0.319 | 0.337 | 0.354
0.016 1 0.204 | 0.221 | 0.238 | 0.256 | 0.273 | 0.290 | 0.308 | 0.325 | 0.343 | 0.360 | 0.378
0.01810.227 | 0.244 | 0.261 | 0.279 | 0.296 | 0.314 | 0.331 | 0.349 | 0.366 | 0.384 | 0.401
0.0210.250 | 0.267 | 0.285 | 0.302 | 0.320 | 0.337 | 0.355 | 0.372 | 0.390 | 0.408 | 0.425

pK,, = 13.997

pKa (H,SO,) = -5.00

pKa (HSO,) = 1.99

A~ (HSO,) = 5.00

A+ (1/2S0,>) = 8.00 pKa (HCl) = -3.7 A (Cl))= 7.631 mS* m?/mol

Cl
[mg/1]

© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 12



Theoretical Calcuration of Cation Conductivity J A T—

HEAVY INDUSTRIES,

Theoretical Cation Conductivity@25C [uS/cm] of
CQO, - CI- HCOO - CH,CO0 — SO, Mixtures (2/2)

CO, = 0.05 mg/l CH,C00=003mgl  ~020S/m ~050Scm [BROEScm [HORSERS

HCOO =0.02 mg/1 SO, [mg/]]
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
0 0.495
0.002
0.004
0.006
0.008
Cl 0.01
[mg/] 0.012
0.014
0.016
0.018
0.02
pK,, = 13.997 pKa (CH,COOH) = 4.76 A~ (CH;COO") = 4.09 mS* m?/ mol
pKa (H,SO,) = -5.00 pKa (HCOOH) = 3.75 A (HCOO) = 5.46
pKa (HSO,) = 1.99 pKa (H,CO,) = 6.11 A+ (HCO;) = 4.45
A~ (HSO,) = 5.00 pKa (HCO;) = 9.87 A (1/2CO%) = 6.93
A+ (1/2S0,>) = 8.00 pKa (HCI) = -3.7 A (Cl) = 7.631
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Idea for Guidance of Cation Conductivity Monitoring on Steam for Amine Treatment

Experimental idea for cost-effective operation :
* Normal value(“N-limit” in VGB) should be set less than or equal to 0.5 pS/cm.
- Weekly analysis of CI/SO, on drum water
- Keeping lower than (3 / blowdown rate) pg/l respectively
(Example : blowdown rate = 1% [ < 300 pg/l Cl, <300 ug/l SO,
- Exceeding the value of (N-limit + 0.2) uS/cm means that
the risk of corrosion-related failures is getting higher.

Questions for Guideline Formulation

- Clarifying decomposition characteristics of each amines
- Key Instrumentation for decomposition product determination
- Degassed cation conductivity, lon chromatography ... cost-effective?

*ETA(Ethanolamine) must be targeted to start because

HO
- Enough experiences in PWRs " NH,

- Simple decomposition characteristic
- CO,, NH,, HCOOH, CH,COOH, CH,OHCOOH
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