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Summary

1. Project Title

Water Chemistry Technology Development Using Advanced Amines

II. Objective and Importance of the Project

In order to minimize corrosion of PWR secondary system components,
cycle pH should be maintained within the range of 7.2%0.2. Since
ammonia, used as a pH control agent at domestic PWRs, has shown
disadvantages due to its high volatility, it is necessary to apply better
amines alternatively. On the other hand, dissolved organic impurities in the
system water should be removed during their purification stage, since they
have a negative effect on cycle pH,

In this research, the direction for advanced amine system application and
an efficient decomposition process for removal of dissolved organics were
studied.

III. Scope and Contents of Project

In order to choose an available amine system, the background and
feasibility of advanced amine application for secondary system water pH
control were reviewed, and the main characteristics of ammonia, morpholine,
AMP, ETA and MPA as pH control agents were evaluated, and the effect
of dissolved organics on pH and the characteristics of photocatalytic

decomposition for removal of them were investigated.

IV. Results and Proposal for Applications

* Since some unexpected accidents due to FAC, IGA/SCC or pitting in
the PWR secondary system have often occured, pHs of the system water
around steamn generator, turbine, condenser, etc. should be controlled more
carefully in order to minimize corrosion attacks and system performance
loss and to maximize reliability and econorrﬁc effectiveness of the system.

» Ammonia, which has been used as a pH control agent in the
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secondary system of domestic PWRs, is very volatile and tends to stay
with the steam phase rather than water phase, resulting in very little
protection in wet steam areas where FAC is a serious concern, including
difficulties with effective operation of condensate polishers. While, advanced
amines recently applied have shown their available characteristics for
reduction of corrosion product transport and increasing cost-benefit
effectiveness.

« Main characteristics of amine as a pH control agent are its base
strength(Kp), relative volatility(RV), distribution coefficient(Kq) and thermal
decomposition rate including effects on plant system and component. The
characteristics of the selected advanced amines were evaluated and
compared for their application at domestic PWRs. The results showed that
the base strength and the distribution coefficient of MPA, AMP or ETA
were better, but the thermal decomposition rate of AMP was relatively high,
and a single amine system of MPA was thought to be available. In view
of protection of wet steam area and requirement of low temperature
feedwater pH, a mixed amine system of ETA with MPA (or Morpholine)
would be more available for secondary system water pH control.

« In order to investigate the effects of dissolved organic acids on pH
in an aqueous solution, the thermodynamic equilibrium between carbonic
acid, carbonate, bicarbonate and carbon dioxide was calculated. With only
extremely small quanties of organic acids, the conductivities of the aqueous
solution was shown to be decreased, while the pH increased. The
calculated values of conductivities well agreed with the measured values
obtained from photocatalytic oxidation of salicylic acid. This meant that
photocatalytic reaction would be available for indirect measurement of
therdynamic equilibrium of dissloved oxidative organics in an aqueous
solution. On the other hand, the experimental result of .photocatalytic
reactions of dissolved nitrogen containing organics such as the amines
selected above showed that it would also be an available process for

decomposition of dissolved organics.

_iv_



A1 %

A 2@

}\'] % ................................................................................................................. 1

B B s e e e e e r s bbb s e s st b eseenaan 3
2 &

A1ld PWR olxtAS4 pH A9l E 9@ Advanced Amines 2 &ui7 .. 3

1. Advanced Amines H£9] ZE oot seesanns 3
7. PWR O1AHAI S B2 T pH A O] oot 3
. AmmoniaS pH AOJAIZ HEE ZH crremrmrreemmeessssmmmeesmsneesesssssnens 4
t}. Morpholineg pH AOJAZ AHEFF AP oo, 5
g}, Advanced Amines A€ 7]1E 2 L Q] s 5

2. Advanced Amines Z 2] EFFA s 7
Th BEATEOL HAD e 7
U, FIOW—ASSIStEd 2] corciicciriesiscersss st ssssess st sses s ssss s 7

DB O] AQEE HIE s 10

3. Advanced Amines® AZE L T QAR e, 12
TE. S T7]AIT] cereereieimrimirinien et bbb 12
U, HME o]L3to] tEF X BIF o 12
t} Kb 2 pHtoll B8 €59 FTF oot 14
2}. Amine9] o2 3}o] e TE o) 2EY HFF 14
o, A E LT D Bl e 17
HE, @I 0] B BE oo e 18
AF, B 0] A et 18
OF. & QETIA] covvveeemressseessssssss s eressssss e s 2]

4 ZW AA oJAAE pH AoiAl HEL AT HIWEH 26

Al 2 A Advanced Amines? pH AlojA] 54 2 & W8 28

1. Advanced Amines®] 2x9] @& pH AloJA] F8 54 ©lo]E} ... 28

2. Advanced Amines? &% @& F71M7] D pH B4 v 28
7F. Amins® pH SA43 G71A7] o 28
1}, Advanced Amins® 2% @& GIA7] BA i 4



3. Advanced Amines® =% o

7}. Amines®] A3 g Eol EulAS e

L} Amines?] 2% &
4, Advanced Amines®

<0

- 36

Ae 4

el o)

E
=

7} Amine %312 pH A oA

- 36

39
.39

5. Advanced Amines®] AEAdnv]o] it

AL
_UO

7}. Advanced Amines®] AEAdu]o o

42

U}, Advanced Amines®] 7FZ i

6. Advanced Aminesd & -&

-43

43

R
€

2
Advanced Amined] pH Alojdl] o]X &= &

7}, @Y AmineA ¢

.

A 3 A

43

3+ AmineA] ¢

o
L

9%

=

7

=z O
=

1)

1. PWR o|xAI B ol RlX = &

47
-850
50

i

7}. Carbonic Acid®]

Lh =89 Y Carbonic Acid®] B35

=

£ W Carbonic Acid€]

o 5

-959

Th T oZn] BES 0] T QL oottt

K

59

60

M4

o

-66

N

68
71
-1

o

R

. Advanced Amine5<] -

77

<}

A 33

.79

e
g
r

e

_vi_



Table 2.1.1.
Table 2.1.2.

Table 2.1.3.
Table 2.1.4.

Table 2.2.1.

Table 2.3.1.

Table 2.3.2.

Table 2.3.3.

Table 2.3.4.

Table 2.3.5.

Table 2.3.6.

Comparison of Amines [4]. - eeeeeesessimmnisessmmensnininnsesis it eessnies 6
Cost of Plant Improvement to Reduce Corrosion Product
Transport [4], oo 11
Measured and Predicted Amine Decomposition (%) [4]. -oveeeee 22
Average Decomposition Products Concentrations Generated

in the Model Boiler Feedwater Heater (ppb) [4]. -ccccoveromennnnnn 22
Relative Equivalent Costs of Advanced Amines. - eeoevveemicinicane 42
Equilibrium Properties for Carbonic Acid System. --iceeeceieeinneee 49

Limiting Ionic Conductance of the Ions (Siemens - crf - eq™}). ... 49
Equilibrium Concentrations (molal) of Dissolved Carbon Species
as a Function of CO; Partial Pressure at 25C. oo 51
Equilibrium Concentrations (molal) of Dissolved Carbon Species
as a Function of CO; Partial Pressure at 25C (continued). ----- 52
Equilibrium Concentrations (molal) of Dissolved Carbon Species
as a Function of COz Partial Pressure at 25T (continued). -----53
Reactions Which Ge?ierate Radicals at the Illuminated
Electrolyte-Semiconductor Interface [33]. --ecceeererrrmmerironanonsenrninnns 65

- vii -



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

1.1.1L

2.1.1.

2.1.2.

2.1.3.

2.14.

2.15.

2.1.6.

2.1.7.

2.18.

2.19.

2.1.10.

2.2.1.

2.2.2.

2.2.3.

2.24.

2.25.

2.26.

227

2.2.8.
2.29.

a "4 =5 X

Advanced amine control experience in U.S. PWRs [4]. oo 2
Iron Solubility (magnetite) at 250 C vs. pH [4]. <o 8
Flow Assisted Corrosion of Cabon Steel at 198C vs. pH: [4]. ---9
Effect of Concentration on Ionization of Amines [4]. «eorivinineeee 13
Effect of Temperature on pKp [4]. oo 15
Effect of Other Ions on the Ionization of ETA [4]. v 16
K4 Constants vs. Temperature [4]. «overevcmimnnminniiintiereiciinn, 19
RV vs. Concentration for ETA and Quinuclidine [4]. -coevoveeneenn. 20
Effect of Organic Acids on pH: at SG Blowdown,

1.5 ppm ETA in Feedwater (Neutral pH; = 5.66) [4]. -rinnnnn. 24
Effect of Organic Acids on pH: at RSG MS Blowdqwn,

15 ppm ETA in Feedwater (Neutral pH; = 5.66) [4]. cereeerenns 25
Effect of Organic Acids on pH; at OTSG MS Blowdown,

15 ppm ETA in Feedwater (Neutral pHy = 5.66) [4]. -errevnnnne. 27
pH, pXa, pKs, Log RV and Log Kaq of Ammonia in an

Aqueous Solution at 25300 T. wreererrrsresinmsersessrissnssesessscssenann. 29
pH, pKa, pKs, Log RV and Log Kg of Morpholine in an

Aqueous Solution at 25~300 C. wrrerrsmrrisererinesinssssssssesssenrsseseces 30
pH, pKa, pKs, Log RV and Log Kaq of AMP(2-Amino-
2-methylpropanol) in an Aqueous Solution at 25~300 C. ..-eeeeee 31
pH, pK., pKs, Log RV and Log K4 of ETA(Ethanolamine,
2-Aminoethanol) in an Aqueous Solution at 25~300 T. «--eoeereeee 32
pH, pK,, pKsy, Log RV and Log Kaq of MPA(3-Methoxy-
propylamine) in an Aqueous Solution at 25~300 T. -eoveriinennnn 33
pKs of Ammonia, Morpholine, AMP, ETA and MPA

At 25300 T werrverreorrerrrersrmtnssessrasessesasssssssassssesssesesassssasessssessssessesssssssaras 35
Log K4 of Ammonia, Morpholine, AMP, ETA and MPA

At 25 ~300 T erevrerererseresecsmrserssnsssessssaassssessesessasesesssassesassensesnssenssssssssses 37

Measured and Predicted Amine Decomposition (%) [EPRI]. --..... 38

Average Decomposition Products Concentrations Generated

- viii -



Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

2.2.10.

2.3.1.
2.3.2.
2.3.3.
2.34.
2.35.
2.3.6.
2.3.7.
2.38.

2.3.9.
2.3.10.

2.3.11.

2.3.12.

2.3.13.

under Low Oxygen Concentration in the Model Boiler
Feedwater Heater (ppb) [4]. --coeeremvemmiiiiiiiiiiiicin 40
Average Decomposition Products Concentrations Generated under

Low Oxygen Concentration in the Model Boiler Feedwater

Heater (Dpb) [4]. eeeommmmmeminiiiicinisini e 41
Transport of Organics in the High-Temp. Water S3;stem. --------- 46
Schematic Diagram of Photo-Oxidation Cell with UV Lamp. ----46
Specific Conductivity of Aqueous CO;z Solution. - eeveeeiviiiinniins 54
pH of Aqueous CO2 SOIULION. wrwrserssersmssmssssssessssssssissnnssisisssssessaesas 55
Apparent Distribution Coefficient of Aqueous COz Solution. .- 57
Specific Conductivity of Aqueous CO; Solution

by Using SaliCYlC ACIA. wrrereresrrserssssrssmsssssssssissnssssssssssssssisissssssasisssonanes 58
Schematic Photoexcitation in the Solid Followed

by De-excitation Events [20]. «rereremsessssssssierssssisisesssicississsnsnaens 61
Kolbe Reaction Scheme of Carboxylate at the Anode

Of an Electrolysis Cell «wrermmeriresierisineisssssssissiesisissnssss oo 67
Schematic Diagram of Reactor ASSembly. «-cemmrecesccricnierees 67

pH Variation of the Photocatalytic Reaction

Of CarboXylic ACIA. rwvrermemrmmresissssissesienssiss s 69
TOC Variation of the Photocatalytic Reaction

OF CarbOXylic ACIAS. «reerrrririserissrisssissssssssisseiss st s 70
pH Variation of the Photocatalytic Reaction

Of AMINes And AITITIONIA, --svesrrererererremmmmrimsesseresamsssasessasssesessseesassasersnns 75
TOC Variation of the Photocatalytic Reaction of Amines. «-..e--.e 76

_ix_



A1&E M &

PWR 973 o|xAAT AulAde H42 AAELY 2= ¢ g3 2L
l-485a Qs Hio, 32 AS49 pHe A7]88H$(ECP, Electro-
Chemical Potential) ¥ S48 38F T3 &2 T35 adEd 93
4dge A weth A% $9 pHE Intergranular Attack/Stress Corrosion
Cracking (IGA/SCC) % Pitting® X &ste T7HA d& e J2q
ZsA 4FgE viAH, ¥ pH (9714 =) = @& pH (AY=EA)
stol & IGA/SCCY £ x7t 7h&dt .
FEEHNA e Aslel Az AZIE YEe ECPE ¥4]9
LAY &xo F3A JFE vXH, ECPe F7IE Q3] Atstxz o] ¥A4L

qole ZF712A7] AT o|x& SCC/l FAHE 3L BeAY. ow
E43 3lEgFEo pHe ECP ©vixles 9% Z3 A#@Agge B4
372 3. olAAT 38 FL&IY FFE vlX= Balance of

Plant(BOP) 48]} A& g5 sy &4} mto]L o} {FH ] Flow-Assisted
Corrosion(FAC)E AlS 5 pH 9 AAEd o3 dFg wgon,
Z3%Fo d§ Ammonia attacke F2 Ammonia % AtAE T o8 FIFS
e

weta, PWR o]atAlE Aduje] RAENIN HAeEAdE HAsstn A%<
AP AAFY aHE AUy fdAMe, 7LV, HAY, $357],

F7td7), HREEr] AGZl 2 ToBe THEe BE ASAHY
FHolM e AT pHYF Boh AUSHA A= oo g},

PWR °|AHAIE 49 pHE d2EdAM ¢ 72 2AHE #FAHzm god,
FU YAANME pH AoAZ Ammonia’t AHEEH3Z 9t Ammonia®
197028 thEE PWRAAN Ao steu, wle iAol i
371740 w28 Ee ZFgol 27 Wi, AL F7199 HilA ZHI}E Fol
ZA Ho AzHg FACZE f2dt. olAAIFUAAN RANAHE o|FL
HAsA £0l71 8l Ammoniag Wol AH&3te A $odlt HOH FHH <
BE5Egrie &A5700l EolE7] WE BAHA RIo.

o|xA % pH #lojol thd Ammonia® F714-E4L FWiEAA L ¥ E3
2 HHe dASy) $43te, 19869 Morpholine Atgstaie A7}

__1_



FP=ReH [1, 2], o] HL£F PWRIAME FFuUl FAMAHESL o]Fo)
Ammonia®] pH Alojo] H]3] o groz ZAAHJSTS B o]F Ad 1049
W7k 22 PWRE©] Morpholine Alo]2 A3sle], HZoe= < 3179 u=Z
PWR3 367]2] =Z3gA PWRolA FH&H1 At EPRI+, Morpholine®]
AEE MEOE U AmineEel tiF pH A5 S H7Iste Advanced
AmineE%& A8t [3], @A °F 46719 w5 PWRel &3t ot (Fig. 1.
1.1 Z=).

A, AMEL Amined FZHEL thT A= AHES U A
8357l HAaAMeE, 2 dde A2 ¥} ATAE ¢ F3E
Z7Eo] 1 Eojof g,

E dAFoA=, Advanced AmineE9 pH AEAAE Hrlsto, ZU PWR
oA E4~¢] pHE HY APEA AT 4 A= Advanced Amined
B0k =&Y, ATTYd 4 Fo §/FE £& 7718 °] Advanced
Amine®] ATSF pH Alojdl vlAE FFH ol& AAS - AR BEHn)
EHEA S n&sAH.

Amine Control Experence in US PWRs

FW Iron {ppb)

1 4 7 10 13 16 19 2 5 28 K| kel a7 40 43 -6 43 52 55 58 [} 64 67

~

USPWRs

Fig. 1.1.1. Advanced amine control experience in U.S. PWRs [4].
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2}. Advanced Amines & &7]|%9 =¥

4|2 Morpholinee] ®#AMAESL olF& FAAAZIE dHd  dolA
g Holgts Aol <UFHUAG, ulx EPRI(Electric Power Research
Institute)= ©]AHAIE pH A& H3 1 HFAT 4dolvt 4 & Ad
Amine 3tgEo]l & Helztm %I, Morpholined] F&3% HAIAE
W@ez 3o, pH AA=Z AE37] AT FE AmineE€ %7317
Al&etg e, 25~300 C9o 2E¥WHoA RAFE Amined 4GD7IA7] ¢}
Jax F YHAHA SHES A2 F 100539 oNES MAS: ol&
nFAS [3], 191doEs o|AAT EAFZ oA FH Amineod] Wi
A-2ba 2 AA-¥3 FHEY] 45AEE T2 5 e Amine®
Y72 A8l FHEFHAYG. o] FR ol AEAHA F5AL Table
2.1.13 2t}
19933 119 EPRI® 7H=d olwl HLAA (rev. 0)o] g ¥, v|3 PWR



Table 2.1.1. Comparison of Amines [4].

V  {Decom

‘ PKo(T) © D(D-?)R . " |Plant| Resin

Amine (%/h | Use | Testg Comments

25 {1501300; 25 | 150 | 300 @2%5T) -

. Excellant dist. rstio, good
Ethanolamine 45|48164|001]026|066] ~07|Yes| Yes' [pKe, low decomp, readily
(ETA) available, low dosage req’d.

Good choice if Cu is not a
(li)z;‘g‘)a"“““tha“e a1f43|57) 001|013 057| ~28 | No | vest | em Ercelant o
decomp. to ethanolamine.

i Excellant pKs, but high
2-Amino2-methyl { 431471601000 035|089| ~50 | Yes| Yes' |decomp, only one vendor,
propane (AMP) dist. ratio higher than desired.
3-Methoxypropyl Dist. similar to morpholine

; 41]46166]031]|098 {157 <1 | Yes| Yes |but better base strength at
amine (MPA) condensate/MSR temperature.
Very good base strength
i lamine (pKy). High  volatilit is
?I;‘:Ai’;y 32|36|54(303[552|694] <1 |Yes| Yes | o T e at lom
conc. due to pKs.
Very high base strength
S A Yes combined with very low
o pminopentanl 1 36{az |59 <001 008|022 | @ | (| Yes | Loy, High cost, no US.
vendors.
3-Hydroxy Best dist. ratio, good base
. . 43143]60(<001[0.03]0.20 ~4 No | Yes |strength. Not currently
quinuclidine (3HQ) commercially available,
For comparison. Although an
improvement over NHj; high
Morpholine 55(53(6510121078 | 1.28| ~2 |Yes| Yes |4 co00 & less favorable dist.
ratio than others.
For comparison only. Poor
Ammonia 48{52]67| 30 |955 {331 0 |[vYes| Yes f;{t‘i’o.@A;E?r‘;}l tvﬁ)?; f’jg‘;;g‘i‘siz
misleading.

1. Miller, A. D. “Sodium
EPRI TR-104299.

Leakage From Condensate Polisher under

2. Wylfa Nuclear Power Station, Manchester, UK.

Alternate Amine Chemistry”,

3. Model boiler test inconclusive, Based on plant operation, thermal stability is greatly superior to

AMP.




A= 20 7] o]Ao] Ammoniayt Morpholine pH A8 ETA
(Ethanolamine) 3}stAlol2 A&3tx Sl (Fig. 1.1.1 F=F).

2. Advanced Amines & £-9] €934

2] PWRoIA AHLEH3 A+ Advanced Amines©]l °|ZAAE pHE Bt}
BAYEA Aojste dd oA o= AxZ EHIIIE e FS Ammonia
AojA &4 7Zel BEA3 Flow-Assisted F2] % F2Aojo] HE& ZHdA
Bad J&e o3 2o (4]

7}, &t&7ke] B A (Carbon Steel Corrosion)

g4zt FAEL Fo &k A BAHY AFF =X 9 pH,
Z pHoll &3t pHiol Wt 250 ColA magnetite25E £&3t= 29
£ E Fig. 2117 Zeod, HA fize dF 72 AF9 F& pH:
WA 7hs3sld. pHE Ay F717F digF 05 pH-99d 2% R4 gL
T 82 F718ly, 44 pHie otvle] Addd =ZA &%t Amine©] pHasc
958 AFTdcta A E pHue?d 670 HE AL oty d& 54, 15
ppm& Ammonia & 4L pHxsc7b 95019 pHaspe® 6.120]th.  HEF 4 (Final
Feedwater)®} 22 #A uolAe FAEE HAE 37] YA = pHxsc
BoE pHE H"H3le Aol ¢ AYUstA "ot

1}. Flow-Assisted ¥4 (Flow-assisted Corrosion)

Flow-assisted HA(FAC)2 E53% ¥H9 Corrosion AttackZA,
Tz AA, so]q 7|8 FZ(piping geometry), FALE, F7)EFE, £EAL
% &= ¥ pH 5 E3e 2 AR g&3t. FACE HAAAE9
Balo 7ldste R YoE, 4FL DAHE MAuEd di F&HT &S
dod % gltt. FACE F71FZ8<U(Steam Extraction Lines)d 22 AL
7199 WelA #FFHI glon o2 AF «dr7jX X3 AFELE PWR
LANN ZAH SHFA D A3 AULA AHnE X st gt

EPRI¢] d74x= RE 37199 Wl pH7F &47% Ho]gh9 nl% &(wear
rate)oll T8 dFE v AAEHE (7. Fig. 2125 FACZI Hd7t
He &% 198 ToA pHeoll @t &3 gA7)te] ufrgolth. pHE 5.3¢0 4
6302 3 pH-T9 S AL FAES 7 ] oL, 6394 7302



Iron Solubility, microMOLS/Kg

pH(25 °C)
8.5 9.0 9.5 10.0 10.5 11.0

0.01 i ‘ i :
5.7 6.2 6.7 7.2 7.7 8.2
pH(250 °C)

Fig. 2.1.1. Iron Solubility (magnetite) at 250C vs. pH [4].



Predicted Wear Rate (MILS/yr)

pH (198 °C)

Fig. 2.1.2. Flow Assisted Corrosion of Cabon Steel at 198°C vs. pH; [4].



PHE © Z7HA7d & 5 w2 ZaAdA g gaga, FACS B
B o, FACO o3} 7% ARAL Ad TAAAA AL Z71999 pHE
720 AL S F83% FHo Aot

. 2ARolo] £EE u$

PWR °lAHAIE Ml FARAZE o]F59 ZAE AT ALEH =13 & 15

% 29) 319 5 W 4 sxo U JxX= RSG EHF PWRelA 20
ppbEHE 5 ppbE, OTSG B PWRelA 10 ppboiA 5 ppbE ZAHJYR
dAdMe UFE ETEY Y& A3 AF F2 AHAYE
Fsteden k. EPRI A7 93 [6], 30d AA+ES A= F
DAL Fo AANEd E Azke|$o] Table 2120149 Zo] £8 1 kg
Fa F o $ 2,000~$ 40,000 Y WHelA yehdt (6] pH AE A7
Ammonia AFg9l ZASHE, T4 pHmcE 9204 9622 ZF71384w
E5gdr] ¢4 € 25 v 8o] 2~3uE FrHeh

EAANE olF a9 AAuLo] @A A EotA 7] Wi, Ammoniatt
Morpholine 2.0t o 43 43¢ A pH AAEL v 4-242 o 9 ¢
A Holth

TFele g F7EAY] BAE VMEde AR BRAgxEg dXx] oy
olFE2x olxATY Jted Ho|W oddMax AAH ok Tk Fg
HANAGLE F7-8 32 AAE 4 o EL pHIlA EAIEE sFE
FRE g 7 ok
% E5g9(Full Flow Condensate Polishing)e &3 Y&
WA oA, Ammoniatt Morpholine A& 93 =& pHlA 9
247l AEARS us #FA EHA0". a¥BEE d5Fos
U Lo FItetr] WEe] o]E9 ARE E©RItin B 5 gld
] 7WFP pH AAAMY ALgo) i s & & FAH A7 |
watA, B} o]AA<¢l Advanced Amined THE# e A AL Ayjof i}
« 2E BANME o]lF5E dASHA FAAZG,
- dA 2 A2 FUFIES HAASA REgd.
e F& FRoANE EiFHo|T,
« ol2nEFA ¢ GAHAAE T3 LAY ZE AMA FEHo|.

Brgdr)e o2 §3t& FAAUY.

flo r-|u:
Lo

° N

LS o £
o g X do o
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Table 2.1.2. Cost of Plant Improvement to Reduce Corrosion Product

Transport [4].

9.4

Plant Improv ¢ Heater Condenser Target pH R:;zgge Cost/yr/kg
ant fmprovemen Material |  Material (25T) o Reduced"
kg/y
1. Improved Condenser C:ﬁg;r Titanium, etc. 9.0 50 $31,000
2. CP Naked Mixed Bed Cgﬁg;’ Copper Alloy 90 310 $ 3,600
3. CP Cation Mixed Bed CX{L‘:‘; Copper Alloy 9.0 360 $ 4600 / $ 6,0002
4, All-Ferrous Heaters Ferrous | Copper Alloy 9.0 85 $39,000
5. Makeup Water Deox. | Copper | Copper 9.0 85 $ 1,900 / $ 3,300°
6. 1+2 Copper | 1y nium, ete. 90 310 $ 8,600
Alloy
7.1+3 Copper | 1 nium, etc. 9.0 360 $ 8900 / $10,300°
Alloy
Copper e 3
8 1+2+5 A Titanium, etc. 9.0 400 $ 7000 /% 7400
lloy
9. 1+3+5 Copoer | 1y nium, ete. 94 446 $ 7700 / $ 9,000°
Alloy , :
10.1 + 4 Ferrous | Titanium, etc. 94 230 $13,500
11.1 + 2 + 4 Ferrous | Titanium, etc. 94 340 $13,400
1221 + 3 + 4 Ferrous | Titanium, etc. 94 370 ‘$14,200 / $15,400°
131+2+4+5 Ferrous | Titanium, etc. 9.4 430 $11,000 / $11,200°
141+3+4+5 Ferrous | Titanium, etc. 480 $11,800 / 13,0007

1} Levelized Annual Cost over 30 year book life.

2) Lower cost is for generated mixed bed. Higher cost is for throw-away mixed bed.

3) Lower cost is for floating lid. Higher cost is for nitrogen purge and flexible diaphram.

_11_




c RS FEO WRH FE <52 474 P & £ ok

2o A 3}4_‘— APAEES A48 5 gl

. ?’fﬂﬁﬂ]"*«l 3 & 7}‘3?& ‘?3-:—]% 9HE e,
3. Advanced Amines®] 43 2 32 d#

7}, 471471 (Base Strength)

o]AA% pH AAZ AL&3l7])e] AT Amined Fg7] IFE=
Ao, Eo KA W o FEL HEFoz o]LzlgolA]
Sabsko] £(OH)E AAsHe o224 9714 d&¢ oo & 9714 ¥4 Be
ol g3t e thet 2t '
B + HO = BH® + OH" 1
o 7]91 A4, BE Amine(NH3)&, BH'E ©]23¥ Amine(NH,)E Y e AT
Amined <7147l FE&H9 pHE <L2FE Amined FZo|o, I
Aminedl] tigh TF3 o] 23}t g3 Aojd)
K, = [BH'] [OH] / [B] @)
A7l AM, Kp : 971 Bell th§ o] 2345
[BH'] : o]23ld 979 EZ5 =
[OHT] : FAtslol2e] B3
[B] : o]23}=A &2 P79 ETFE.
< KeE AYE Amined d 92 KvE AUYE Aminedtt 29
e o ®ol A44Y Aol F FUY TYFSAAM, O B K,E
d 3§80 & pHE vedg. dvtydoez Kyl UE 27 g &4,
o _

pKy = - logy Ky &)
AfRHog o ¥ pKpe O 2 °ol238 4 o & g71M71E vehdg,
. HAE o] 23}(Percent Ionization)o] W3t X9 G3gF

Fig. 2.1.32] Ammonia ¥ ETAS$} #o], Advanced Amine® Amine$
$%7t 71l et SAE o237t BEERG HAE 2UY. Aminedl

._12_



Percent ionization

100 L} " L] ' ] I - L )

! ' -

o | 3
LU ETA ]
sl % ——Ammonia | 3
of ;
N AN _—
2| ;
-f
0 i 2 { 1 1 1 | e | L E

o
N

4 6 8 10
Concentration (ppm)

Fig. 2.1.3. Effect of Concentration on Ionization of Amines [4].
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57} F718d @t o) 23tE = Amined E-80] A7) wiEd AARE
OH ol29 %4x #Aadd. =AM, & F7I4718 AYE Amined W&
FE(EBE AHE3E Ao, ¥ W/AVIE AUE Amined 2 F:EE
Abg-Eted AEE 4A FH¥sHoverloading) Al 7] ArRY AR v L-FFH
Z oA {3

o Ky 2 pHeoll e 29 9%

Advanced Amined K, AFES Table 2.1.13 o] 2% =
olE3tt YntH o g AmineEL &7t FHeol wEl grlA7 7 @A 3HA
A%, 25~300 ColA Al 78] Aminedl t¥ pKpE Bvlug o] &d=
Fig. 2.1.4¢9 Zo] uygwdo, £33 HL Ammonia ¥ ETAC] dlmF
Morpholine®] JFMo2A, 25 TolA Ammoniats Morpholine®tt R o
48 grlolAw, 200 C olAtellAE Morpholineo] © A& @1 wd,
ETAT EE€ %A olHT ¢ 2 F7)olH.

utelr], 4L pH 71¥& Advanced Amined| ALY o =34 o FE HE
F7F k. dE E9], 929 % pHscol A $AAAS A7) 29, Fig.
21.4904 Ammoniat 25 CollA Morpholine®t}t © Z& grjojtht. azjm=z
9.29] pHxrol =237] 9side ¥ 9 £ Morpholine %7} 27"
(051 ppm (30 zmd)e NHsol ths] 83 ppm (95 #md)2] Morpholine). ®F@Hofj,
200 ColAM e Ammonia @ Morpholine?] 971M717F A< ZL3ctk. 200
TollAl 83 ppme Morpholine®l 6479 pHl H+& ¥4, 051 ppm9
Ammonia¥® 6.219] pHoF 8ch. 200 CTelA 9 pHot 6210 =71 $s8iA 3
ppm ©]3t9] & -& Morpholine®] &7do}.

2}. Amine? ©]23}(Ionization)el]l W & o] E9| g

Amine2] o] &3 WAL HYPWFoIA FEIE & Aoly F)9
o] 23}7} Advanced Amined] ©°l23td 4gL FA "o & gr)9
H7be Amined] ©]23E JUIA HH, o2 e HJE Amined
olesle ZEZAANAA Hx, 1 9L Fig. 2.15% Zt. 1 ppm9 ETA9)
AmmoniaE HZISIE, © %2 OH o]j&o] HrlsHoe] urgo] d=:o g
Y3tz 2 ETAY ol23te A¢=E™, Ammoniadl =7} §52 1 &3%=
o ARG, Acetic acid®] H7le FAIRE BHgo] LEFHOE o|FdE H, ol
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7.0

6.5

40

DWG. No. AM-NANA-961218

]

-------- Ammonia /
———ETA K /
Morpholine ; / -

Ly 4 5 1 o+ v bt ooy e oy

50 75 100 125 150 175 200 225 250 275 300
Temperature, C

Fig. 2.1.4. Effect of Temperature on pKs [4].

_15_.



Percent lonization (1 ppm ETA)

100

20

02 03 04 05 06 07 08 09 1
Concentration of Acid or Base, ppm

!
i
I
1
0 0.1

Fig. 2.1.5. Effect of Other Ions on the lonization of ETA [4].
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0 %<& H o]l&e] HJH7] ol Amine ¥ #7149 ol&3 A
2xe] EFHEE, Amined] o] diFgk & o|2E9 IFFTE A
2o oEfT

o83t FFgo|l AAE AL olAAFE WY T M pHE
d&& 1zl & @ Aminedt F7]AHE AR nEste Aol FLIITE Holth
g EYW, &&E44x9 AE 93 Hydrazine: AH83tE EE PWRE
Hydrazined 9QEHZHEH ESAsA HeE AmmoniagE B34 =t
EE o] WA AE Acetic, Formic @ Glycolic Acid$t 22 &L A& 9
7130l #BE&EH3 gt olg# FgEgFS FAs= Aol TIRIHAY
Aot pHel ol Avkd L7 GAgT. ol F o|fE 3E pH
AAE 43 EPRI Advanced Amine Distribution Model (Aminmod)©]
FHEL 9ot

ul, Ao} 32 % (Relative Volatility) 2 24} Al 4= (Distribution Coefficient)

EE Amine o= AT HIAHoZ AN, E3 F7|Y AlelE Euidd
Advanced Amined] FHEEE ©|xAAF WA Amined EWE ZAA I
Amine®] Z714/d4 Alol9) Fule F dEo2 AHogHn HFsHT. AH
g2 A3 ¢ < (Relative Volatility, RV)E o3 2t}

_ (3749 %)
RV = “Cis %) @

ZAdde]l He EE Amine & FolA o]z, oJmE Aminex®
A

Fxo ZA &3, a3y ol23tE Amined —H‘r_—g% 3ol olyn,
ol2 n3E, EA FEo=AM TS o]l HgsE Ful A5 (Distribution
Coefficient, Ka)7} At

o (37]4ue] 2255 (5)
¢ T (HARH oleHqAA BE FLHL)

Ko7t ©l235%] 42 Amine® ¥E& IAHAZ S22, Amined FEg=
EYAolt}, F &2 oS3y o] dAA.
___ RV .
(1 - a) (6)
o 7|0l A, @ = Amine?] ©]|23}H A &L FE-&o|t},
EAFKYE %o EHFHo|ZZ Amined I ZEUE AAsle d9

Kd=

._17_



ALg-E o, o|AA TS pHE Ajdtrl A E, 10EY ofF HE
BAIALEE Y Amine 3FHFEESo] FACEREH & ZJ] o]y
B5ste do uigdsit. R AdHEEE Ad Amined dFo=
TEiElE gl 7l wWEel, o B Amine ¥AVF R F7] ol
o028 HFAAAM, ¥ ¥L pHE HolA o] g9 UE RBI3E dHe o
f&3A4 g, ostE, ¥ JHLE T2 Amineo] ALY He4e 2 e
79 o= BEdA ¢ @¥& pHE He AE #Astoo} .

g8Al E4 pHE Adsy] 48 ¥ HALAEZ9 Amined| 29
Ammoniag® H7Fte €% Amine A (Mixed Amine Treatment)E &3
F Ao B2 wAioA, Hydrazineo] AmmoniaZ &5, ol B4 pH
Aol g 9% Ammonia TFL Fw3A ok

32 L= Hegdr|E ALdte 2HLE 98 B71HQ o5& &4
&2 Amineo] Pumped-forward 71271 wWis@S AXH TAl £35H7)
&, HOH F8ie] 21 FA7] sty He-Ed7I2 AASE Amine?l
WH(FF J1FLE)S T BTG F, ol BUs FFAY F7 ALE
Amine ¥ Zra 2 HEFEE7] ARA F ZAE g,

vl 2% 9] 9% (Temperature Effects)

Advanced Amine® 32 %% Ammonia?l €59 Z7le] wal A=
RAye g8 ety oz Zypsig, Fig. 2162 25~300 CTolAM 2] Ammonia%t
Morpholine ® ETA9 Ky #°ltt. ETA’F Morpholine®© © &
3]wkAd o] X gt, Morpholine®} ETA F419] B¢ H]&3loh

Al 5% (o] 239 493 (Concentration Effects)

o]&3tg Amined olu] HEAol olld. wWeAM = Amine?
A L= 2 Amined] FE% Ko EF0 IA & o= 289 C 2
0~10 ppmolAe ETA ¥ quinuclidined] W JAFHLEE v|23 Fig.
217914 A28 ¥xo mE Quinuclidine®] RV ®W3lE ETAC H|&] wi$
adk, 3 o]#E Quinuclidineol I A FTAelnl A ol2dlddE Aol
3o FEAE Quinuclidined Fd F&o] o|&3t=n maly v Fegoln)
2 X7 FUHeHE, HAE o|Lsle AAaF AT EAHLS $ASA €.

o]g g e KpH Keo B39EH 4 AL £5EE 9% Amine AF A



10 1. .

Kd 1

0.1

0.01

Ammonia

Morpholine

i . ] § i [ t ] T i

25 50 7'5 100 125 150 175 200 225 250 275 300
Temperature, °C

Fig. 2.16. K4 Constants vs. Temperature [4].
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RV (289 °C)

2.5

20 T T A

Quinuclidine

1'5.. ......................................

Sl

{ | ! | 1 | | } 1

0.0 L | ] | | i o 1 [
1 2 3 4 5 6 7 8 9 10
Concentration, ppm

Fig. 2.1.7. RV vs. Concentration for ETA and Quinuclidine [4].



oJES EF 1Yol FIE uigd. e AR SAANE 13ty
o9, Quinuclidined AJd = Joh Ky 2 Ky EFE 1Y B S

1 ppm °]32 Fxo]A, Quinuclidine?] AA Y= = £271 Ao

ind
ox il
o

o}, ¥ <tAA(Thermal Stability)

7] Amine SFEEL °AAF E Y 12xd 3ol FHEd
gltl.  <dlE Morpholine2 Ammonia®t Ethanolamine ¥ #7148 X3l
GERAYES AP ReE BEuHYH (8] old FAF AFdAME, =
248 AFFE JolA AMP ¥ Morpholined HRE7E £EAA EXo)
AA &I} Aoz AAHEHJG 9. =EFE BdY AFLS A-4x 2
AAe-E3 ZAFA FIE SEGEANE)E HAAEV] A AxHAoH
A= Table 2.1.39] %3 2o} [10].

2d HY AlMdo] PWR Hu: HH ¢ 71E% ZHALSE Amined
17 gk He F uEdtdol Jok A|EAAY FF 71E7] € B2dg
FFo A AFAIZo] PWR Boh 2 u} (FF WA 55 ui, B oA
74 Why  FHo =& Aa AERA FeAe HFEF U ks el
200~500 ppb HHeldE ©l, ol HEFAHRA PWR EF9 JdixFZEY 100
Wiy o & Aotk o] AEv BUE V] 4% HFHoz2 £37 Qo
o & =W, DAE(1,2-Diaminoethane) @ AMPE Al¥ ¥ Amine oA 19
23&S AU, L&A o HAME JFE VA g AAY
Bolg o]Eg HuwdtH, ETAY H&EEL AAAZFA =AdAME ¢ doy,
2o oo AAa E&A sllAE dAFA F7189 Y. 3-Hydroxyquinuclidine
QO X A &2 <9 da EA stoM dAsA F7HsA .

Amine®) £3lol ¢ FEAHNEL 7l 2 el Amined} §714bo|T}.
Table 2145 $Y3 2d 2dz] AF Fo| A4¥ Amine EHAALEES 9
Pad Fkolt

-4t ZAsA, ETAE d9gE I} FE Advanced AmineE 9]
Ammoniag FHEAAFEEZ AATIYG. Acetate FEE ES AL FHAA
MPAE <92 & EE AmineSol BastezA o4 ZrsgAw, YA€
Acetate®] & Background Level (NHz A]@)o) w]3tH HdiH oz Zorc),
ETA 2 QOH: wj$ E¥2 A2z oM Formate® @A A ®ol
PEL T
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Table 2.1.3. Measured and Predicted Amine Decomposition (%) [4].

Feedwater Heater (1) Boiler (1) PWR Predicted Rate
Amine

Low O: High O Low O High O Feedwater Stm. Gen.

Morpholine 4 4 1 0 03 001

ETA 4 22 1 4 0.7 0.01
DAE 21 25 64 62 36 1.3
AMP 23 29 62 63 23 14
MPA 02 5 0 2 0.007 0
QOH 0 15 12 14 0 0.2

(1) From model boiler studies.

Table 2.1.4. Average Decomposition Products Concentrations Generated in

the Model Boiler Feedwater Heater (ppb) [4].

Ammonia Acetate Formate
Amine
Low Oz High Oz Low O High O Low O High O:
NH; -- -- 20 9 16 16
Morpholine 2 11 8 13 5 19
ETA 3 17 20 14 122
DAE 71 5 10 4 6
AMP 79 72 4 11 3
MPA 4 17 9 7 8
QOH 5 34 10 15 10 120
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ojZHAIT W9 JFEI ZHAAAME G FHEETL ASHAYN & EAE U
o2 7A= et ¥, AYA Amine? <£EL Amined FE3% AAE
(PKb ¥ RV)el AZ3 4g¢g FA =2z vdasidn & = glvh. Amine
Aol 3t A dhdo] HAJE, f7] Amined °|AHAIE ol &Zﬂo}“:

7] LAEA & &2 AE&EF + glon O §ujREL o]lEE VA
2 EHAE F JE' F7LENIIE o)FAZYE Ho| AAHT Ut [11]

F71%k0] 2 doz AAMHEY Amined FVNEE o AE F33H)
Aot o] Ede AAE FVAEY FHY Fxd AA Y4Eit. o=
Amine &9 {F71AHE)E H/ISIH FPWEEo] o] F3dA Amined Fu)
2L o] sl FFE 7t HAAHoRE AYAAY Amine FEE /7|4
Fx7t F7hgko) wel F7HstR, ol Amined §714t Alol9] In-situ FEE
ZA3EEe 3¢S #ed

Fig.- 21.8 ¥ Fig. 219 RSGE Ef3= AHFH PWRIA F7| A7)
H&4+ 9 Moisture Separator Drains(¥<=3) W9l pHioll #lXE  Acetic,
Formic ¥ Glycolic Acid®] d&& vHmg A2 A, ol g4 ETA % 15
ppm 2 HEF #7144 5= 0~500 ppbE VIEe 2 3 ARoltt. Morpholine
AoJg Fga & 2 FALAE Acetic Acid ~25 ppb 2 Formic Acid
~10 ppb HHAAM F7EA7] HESF ol KISl FTUEle Ao
BE=Hu oy o] Fx HHAAAE I FHV FAE Azl HY
AANAE ZF712A7 &+ W Acetate’} 100~200 ppb ZEZ © AA
Z7lsle Aol #EHFHI Qlom, o FEAXE FULA7] HEF H
Moisture Separator w3 W< pH7F WiEF 003 pH @712 A2 <+
Atk oE, HAE24 Yol 500 ppbel Acetic Acid’7t vtz stEEE,
Moisture Separator ¥]14# e pHi= Amine HA(F% W 05 ppm NHs, 0
ppb Acetate)ell 93] @A He RAET A$ ~05 pH @97t =& ol
Moisture Separator W@l A9 Glycolic Acid®l 93 FAE AHEo|r)
Glycolic Acide Acetic Acid2tht HH 3 Abo]7] “11—5'-01] uj g e
Awrs  Adoh AaxH o2 Glycolic Acid?l WHEE " F7|eA7)
o) 2k (Bulk Water) ol gollen Fr|dez °]%5]'7<] Z=rt.  Formic
Acide 49utzy oz 10~20 ppb ooz #|AHA T sl =
A oz 73k Atolm Glycolic AcidRth ¢ 3ol

Fl
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Fig. 2.1.8. Effect of Organic Acids on pH: at SG Blowdown, 1.5 ppm ETA
in Feedwater (Neutral pH: = 5.66) [4].
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Fig. 2.1.9. Effect of Organic Acids on pH: at RSG MS Blowdown, 1.5 ppm
ETA in Feedwater (Neutral pH; = 5.66) [4].



Fig. 2.1.10& OTSG ¢A 49 Moisture Separator ¥j4=& W pHtol &3 &
ALgE A8 E Ro FE 4, 10~50 ppb Alol FF #7714 BEd ZAS
21tk Glyeolic Acid7t OTSG %34 Weld © & £38 Bol: AL 2
o] F71'LA7] WA AAHA %47 d&Eojgts A& K9 a7t sl

noH

4. S /A o|AAF pH AojA AHES A8 HIWF

Advanced Aminesg W 9F o|xAAE pH AJAZ HEL YA
Gl 7lEd uMAFL BHIAH 2 AAER & wWAoE 39, B3I
AmineEg FEIZ AAs vlugrista 717 @A pH AoE54L Ad
Amined A3, 53 22 4 F HuPG st A ojof o

+ Advanced Amine] pH §4 34 2 vz Hr}

« Advanced Amine? Z71/%4-44 2 ZujAlF 4 2L vluHs)

+ Advanced Amine®] € HAHA A F vjmHPst

+ Advanced Amined] AlFAYE A& I )4 L vjuFr}

« 718k AAAAt did A F vuwg st

t}& Ao, Advanced Amined F83 pH AojA EAZL AAstn vjm
H7rstd, W PWR €3 o|xAl% pH AoJAZA Bt} uzda§ Advanced
AmineAdl € A A3
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Fig. 2.1.10. Effect of Organic Acids on pH: at OTSG MS Blowdown, 1.5
ppm ETA in Feedwater (Neutral pH: = 5.66) [4].



A 2 A Advanced Amines® pH AojA 54 @ FH L wsf

2 AoHe, I PWR ©AA%5S4 pH AAAZE AE-5<A AmmoniaZ
A7) Y9ste, Ammonia, AMP(2-Amino-2-methylpropanol) % 2=
PWRAIA Z83<9 Morphloine, ETA(Ethanolamine, 2-Aminoethanol) %
MPA(3-Methoxypropylamine)S 422 3 Advanced Aminesel] th3}, pH
AolA el F2EAHYU pH EA47 Euds 2 d&8s) 54 ¢ Hrsiz,
Advanced Amines®] 84S =&

1. Advanced Amines? &% @& pH A|ojA] F95A dolet

ol A4 pH AlAl 71 F3 7| EEAL, o oM AHE nie}
Zo], pH, K, Kb, RV 2 Kyolth. EPRIZF 4323 [3] AAIE Amined] EA
dlolelE& TAEZ 39, Ammonia, Morpholine, AMP, ETA 2 MPAc<| tj3gt

FQEANES ZVZt A, Fig. 221~Fig. 2259 o] uehdu
7)ol A, K= 2+ A 7](Acid Strength)2A, F&JA] B9 o] sits
Ko @tol 23l pK, = 14 - pKp & #AE Z &

2. Advanced Amines?] €% @& 9747 2 pH EA

Amined 7254 ZAFBEL 829 Advanced Amine®l R7]A 719 pH
5A4E Hrtstad

7}. Aminse] pH 43 71471

Ol AAES pH AAY AF Fad HEy e@d Fo s, 1
g3tZo] olAATS LEMANM ATSol L3 @ FAs o|2(OH)o =
o)estEo] AESe aF pHE 884 §X8 & 5 oloF doie Holg.
AE5e pHE TS wF F3A $38F F UE 3P FAIA4 9
Amine®7t 73 @o] 2eolm 9»1°“1 °ol]E¢] pHE &3dFE T8 ¢ A
A (1) 2 A @ g FYd=E Al nHF ol dS Ky L pKeR
AL 5 Aok G719 pKe HS $25E ol o H: A7 A7}
o AM © ¥& pHE AFTE F7F . F= 10 ppm9 ZI Amine?
G717 S SEEY Uold ATE & U A5+ pHE Fig. 221



Property of Ammonia

—o—pH -®—pKa —2—pKb —E-logRV —x—-logKﬂ
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pH, pKa, pKb, log RV, log Kd
o

i
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Temperature(°C)

Fig. 2.2.1. pH, pKa, pKs, Log RV and Log K4 of Ammonia in an Aqueous
Solution at 25~300 T.



Property of Morpholine

| ——pH -—#—pKkbo —a—pKa —m-logRV —»—logKd]|
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‘
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Fig. 2.22. pH, pK, pKs Log RV and Log Ka4 of Morpholine in an
Aqueous Solution at 25~300 C.
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Property of 2-Amino—-2 —-Methylpropanol

[ —e—pH —m—pkb —a—pKa —logRY —%—logKd]

12

10

pH, pKa, pKb, log RV, log Kd

v}

_4 1 1 1 L 1 1 1 1 1 I\
25 50 75 100 125 180 175 200 225 250 275 30

Temperature(°C)

Fig. 2.2.3. pH, pK. pKs, Log RV and Log K4 of AMP(2-Amino-2-
methylpropanol) in an Aqueous Solution at 25~300 C.
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Property of Ethanolamine

[——pH —=—pkb —4—pKa —-logRV —%—logKd]

12

10

AN

b

pH, pKa, pKb, log RV, log Kd

_4 1 1 | ! 1 1 1 1 1 1
25 50 75 100 125 180 175 20 225 280 .275 300
Temperature(oC)

Fig. 2.24. pH, pKa pKs Log RV and Log K4 of ETA(Ethanolamine,
2-Aminoethanol) in an Aqueous Solution at 25~300 TC.
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Property of 3-Methoxypropylamine

[——pH —m—pkb —a—pKa —-logRV —¥—logKd|

12

pH, pKa, pr. log RV, log Kd

1 L 1.

25 50 75 100 126 180 175 200 225 280 275 300
' Temperature(oC)

Fig. 225 pH, pKa pKs, Log RV and Log Kg of MPA(3-Methoxy-

propylamine) in an Aqueous Solution at 25~300 T.



~Fig. 2259 Zo] yehdth
1}, Advanced Amins®] 2% @& @7147] §4

Zt Amine°] &9 Fol 10 ppm¥ FFE W 25~300 T HHANA 2
2o WE pKpE HlE3td =AY Fig. 2263 299, & Amine9 pKs
37]= MPA < AMP < ETA < Morpholine~Ammonia®] <A 2 elytt}

ole, & ATRYN LT7HE AAF ATF pHE VEAIY] A&RA
Zgojof st AUY ¥ 47477 7+ 2& Ammoniatt Morpholine]
Ao b @olop e wd, FANAZZF JME & MPAE 7 Holw
Zbssltbe AL u|dd.

FH, AT Y BE oo Bol EAFH EFV] ol2mF x| 9
ol2ng £ IUFE FIFE FA Foh. ot v &-5FH WA, U
8T pHE sl FUHooF 3l Amine %3 7170 7FFH e
g g Holdh

olzigt BHAA BH, G71A7I7E {2 7MY FE MPAZF M £

Ade AYgn ¢ F Ao

3. Advanced Amines? 2% W& Z7|A4-AA 7+ BulA S

Amine?] 7Z|EEA ZAIAEE B39 Advanced Amineo] Z7|Ab-AA+

7te] Rul5A & Hrsesoh
7}. Amines®] ST} EujAF

oA Fs pH AAAY 71F Fast By odF9 sue,
B3¢l oxAATF 2ERHHANAM ATFI A 2 FUHeE RIHE
FdolA o= Ax=Z BuisEert dte Hold  AdiFdxz RVE ol
Bslg XA v, EujAls Kee, ol23l"d Amineol & oA F
Sal= 7] giol FLF rHsdel A v RE ZAAdA, o] B& DEL
AYstn AZF3E F£xoltk. Z+ Aminec] 10 ppme] ¥EY w RV 2 Ku9]
A g Fig. 221~Fig. 225% o] Yeiuy, Awrxoz 5 o] 79
At Ko, & A9 4 (6)F Zo]l wxd &3t 7] wEo,

71-8 3 ZoA BujEle AXEE Adste d A28 5 o

olN

Amine©]

g

i

L}, Amines] &%= W& F7|/4-44% BujAF
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—¢—ammonia —i— 2-AMINO-2-METHYLPROPANOL
—&—Ethanolamine —#— MORPHOLINE
—¥— 3-METHOXYPROPYLAMINE

3 1 I3 i A 1 Il 1 1 ) 1
25 50 75 100 125 180 175 200 226 280 275 300

Temperature(°C)

Fig. 2.2.6. pKy of Ammonia, Morpholine, AMP, ETA and MPA at 25~300
C.



Z} Amine®] Ky #€ FALE pH AlojAe 23 5L Hrtslgd. Z
Amine°] &4 Fo| 10 ppm¥ FFEY w 25~300 T WM Lexd
W& Log KeE Blustyd =A18Y Fig. 2273 #Zow, zZ} Amine® Log K
37 ETA~AMP < Morpholine < MPA < Ammonia9] &A1 2 e

Ammonia$} Z°] pKa7} 05 ©]4<l Amine2 F7]@A7]9 o|FAF G HoA
7142 v e o FUAMol A Ao FHHE JYdME
Bde] Amine FEVF F7149 FEET § Fopxlt ey I ASEY
o] el pH7} #4383 F4o] 7t&HE pH €477 =490

oA AZS pH AMAAZ F7143 ddA FstA Bul=o] Ky kol 1
(Log Ka = 0)ol HIE ZAfole F71-8 32 4o AA RdA 5§
pHE #A% & .

ETAY Morpholine® ] Ko/t 120 © 3 Aminel 4o = ¢
2ulElo] pHE © ¥A 322, 3L 7] Folgdf L Jdg B3I
dlol f&3tA "t

5
2

]_

oft
rir

4. Advanced Amines? d¥3 4
EPRI®] Amine dE3fo] s AFZEHA M4l ZAHZ 3to, Advanced
Amine® &3 EAS Hrlsoh
7}. Amine @ &8 2 pH AjA SA4d vxe F&
$71% 89 Amined 22F7 Sl Ammoniatt Acetate EE
Fromate B8l 2 3&d & glov, o]E2 Amined o] 23} H P A9} %7 A
-RA BujAld 4TS vXA HI FFHOE ATS 9 pHol 2
(Fig. 2.1.8 ¥ Fig. 2.19 #x).

—_—
-

e}

g

. Amine® 12x7 oA AR B4

EPRI®] Model Boiler Test 2% 2 PWR X3A FAHE Z+
Amine® 4®3 54 (Table 213 FA=) [4]e, S5 2 Edly] RE
AFAIZE) PWROA Bate 42k of 54 v 2 & 77 vy o AN, &
A AN HEFESF AdLFE7F PWR B ddAMBg ok 100
HAE o Zouy, Amined E¥3d S4& vlzdr] H3 olE AlE3FA
TAE P2 2 AIE Fig. 2283 ol Uetwt
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—— ammonia
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—&— Ethanolamine —JE— MORPHOLINE
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Fig. 2.27. Log K4 of Ammonia, Morpholine, AMP, ETA and MPA at
25~300 TC.
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Fig. 2.2.8. Measured and Predicted Amine Decomposition (26) [EPRI].
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PWR olat& JFFAT 2 F712A7dAY F338 ZAdA FAHH
Amined] @ E3d&2 44 MPA (0.007 %, 0 %) < Morpholine (0.3 %, 0.01
%) < ETA (0.7 %, 0.001 %) < AMP (23 %, 14 %) «AZ YEeytt.

2d B1dg FF 7197 oMY Amined] HT ESAXMNE FX (Table
214 #x) [4E =AY Fig. 2299 Zov, AFTF Wy §&E44: =7}
%S ALdlE, Fig. 2.2107 Zo], Ammonia®] A4 ZFo] ETA (0.3 ppb) <
Morpholine (2 ppb) < MPA (4 ppb) < AMP (79 ppb)¢] &A1&, Acetated]
A3 ego] AMP (4 ppb) < Morpholine (8 ppb)~MPA (7 ppb) < ETA (17
ppb) < Ammonia (20 ppb)8] €A, Formated Aol AMP (3 ppb) <
Morpholine (5 ppb) < MPA (8 ppb) < ETA (14 ppb) < Ammonia (16
ppb)el EXE YENT.

£&232r9 TV EE A$dx (Table 213 =) [4], Ammonia
A% %o] Morpholine (11 ppb) < MPA (17 ppb) < ETA ( 58 ppb) < AMP
(72 ppb)8] &=AZ, Acetate '%‘"é go] MPA (7 ppb) < Ammonia (9 ppb) <
AMP (11 ppb) < Morpholine (13 ppb) < ETA (20 ppb)8] £A &, Formate)
A eo] Ammonia (16 ppb) < Morpholine (19 ppb) < MPA (29 ppb) <
AMP (34 ppb) < ETA (122 ppb)s &M Z Yelytth

5. Advanced Amines? AlEAudld q3 4F 2L 7137

Advanced Amines®] W3 pH AlojAl HIE Yt AFTAv|d nx=
G&a 7tZo] g3 At

7}. Advanced Amines?] AlEAdu[e] i3 J3F

Table 2.1.190 €AE NEES AmineEcl W3 AAE @27 AA=Z
Az 2d BdjoA iz 30 4 £33 AE [10] AR E, BE
Amine®] PWR £X& 3] Algo] 7% Aoz AAHUY.  Advanced
Amine°] ®% Ammonia®th @ F'&Aol7] w e, F7¢A79 AFFH
pHZF 718 Rold, EXNFEIL ofd Aol Shell AF 2 AAdig}
2 ga 71247 Ause BHES FaAF F e Aolu

20t ppm® Advanced Amines &% oA AFHA FIILA7
AR ASS H7ts CERT(Constant Extension Rate Test) 2 3}l "1“';
[4], Alloy 600 Al= (Mill Annealed, Sensitized % Thermally Treated) AlHE
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IAmmonia(Low 02) OAcetate(Low O2) B Formate(Low OZ)J

100
_
!
90 —
1
= 80
Q
L
s /0
©
E j
$ 60 -
o _
O ——
2 B0
S —]
o
e
@ 40
<
e}
R
Q
E F“
@]
®
o 20 = -
1
——
10 = —
O B
Morphotine ETA AMP MPA Ammonia

Amine

Fig. 2.29. Average Decomposition Products Concentrations Generated
under Low Oxygen Concentration in the Model Boiler
Feedwater Heater (ppb) [4].
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Fig. 2.2.10. Average Decomposition Products Concentrations Generated
under Low Oxygen Concentration in the Model Boiler
Feedwater Heater (ppb) [4].
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315 C7A 7% $ AURIAAA 5 x 107 infsec2 Ao, g7y
482 AANER Fks&e Bt I 94 EAAP(Heat Flux Crevice
Test) ZFANME o]E Amine°l RSG 712 A7) EMFEAo] FHAA J3fe
Ao Fx e Aoz AAHAHY.

1}, Advanced Amines® 714

pH Aol 98] H89 AAE Amine ZH37] AN E G A
of & vE-EF 4L FY3qol gt F5 U HFE 1 ppbE A
3td, o] PWROA F7I12A7IZE olFHE A AES 150 g/ olde= #
A2A71e A8V 89, FAAALE el dAEHe A 9 P A¢ELS
Amine?] 7}Foly @497] 1A Y T FFE o|Fooryt It FF ¥
£-837 BENAAEEL HAFA EHste AL W £o)3x Foy, FWq
t Amined] 71Fe ths] A5 HE Qi

Table 2213 o], Amined] B¥TF WA 714 ETAE 7|€22 &
7% Ammonia (0.16) < ETA (1.0) < AMP~MPA (1.46) < Morpholine
(2992 A", M2 Ao AHEE Afd 2 8829 Aol
Ammonia®]l 7% F34 pHescE 9294 9522 F7HAZ weo] $4 2 B,
Hlgo] 2~3 ®lE FUiste W& 1YW, 1 Jgol 28 AA 2
Zolet FAHAL

22y, Advanced Amines® H7IE H3AME, Amineo] oA AT 43
274 3l ga7e B4 94 A4 "uAE S A4gHo= Hrstoek
e, B FAHA v E-aF E4o] FubEojol & Aot

i~

Table 2.2.1. Relative Equivalent Costs of Advanced Amines.

Amine Equiv. Wt. Cost ($/1b) Equiv. Cost ($/Equiv.Wt) Rel. Equiv. Cost
Morpholine 87 39 3393 2.99

ETA 61 1.86 11346 1.00

AMP 89 1.86 16554 1.46

MPA 89 186 16554 146
Ammonia 17 1.1 187 0.16
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. Ac ance mine ¢ % &4 F
A471¢] Amine EXAES Aoz 1 Aguwde naAsgch
7}, @Y AmineAdl 9] 2 &4}

AmmoniaE AT & Qe PWR ClaAHAIES pH AlAlE, F71A7]
2w MPAY AMP =& ETA7ZL #ulAl$& &9l MPAY Morpholine
T ETA7I oz & ¢ glod, FFA %oy 718447 A4 FA-
Eal& 218 Zastd AMPE Al93te Ao uigald Aoy,

G71A 719 EuidAls 2 d GRS EF nEIdYd MPAVE 71 oo

gads, F4 W 2 28 /M 9A A8 FE I PWRoIAY @4
Amine A &AM (Fig. 1.1.1 &)X 2 7} & FotE <+ Utk

d

U, £% AmineAld] 813
] @ e Log Ka2 Ad Amined FAC A& 3 A& F7]9499
BEggo] Hojuxwl, EFAEY diriHd disiAde uFd + Ao
A e&dde Feed TrainlAE Amined H7l&EE7F ¥& & 971 wid,
Aegdd FFEEYoA Y Amine 8 TFFEE UEIA B F Ao
ol HsME, oFF ¥ Log Ko ETA] 4dAo2 %2 Log Kq9
MPA‘% Morphohne 2% EF3te Wdko] uiFA ¥ Aoy, I A
25 W 2 3271 71 ¥ EF Amined FH &AM (Fig. 1.1.1 JF)NA

sole & itk

=
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Al 3 2 Advanced Amine®] pH A ojo] v A= £& {7 E9
P 2 F-Fv) EH5A

% "ol A&, PWR 93 o|RA%5% Advanced Amines) pH Alojol mxs

AEse) 4% Zol $2Y 47129 4%, L o AAINE o] olEL AAY

2 Qe B-Zu) BIEA s mAsgl).

1. PWR oA Es A= §& 77189 9%

47 YZASY ASSE BHEE Aoy ALY WA L A
237 98 ARA AA Bt} G2 Tatd AWP LAA W) we}
gagn UG olg@ AB4 etAo) AL BAWH, volg Balst A

2 5gd 43 AoAA $9 5ol W@ edAAE A AW
Mee savaxAe 449 o1 AY $Ave FB F AR Y@

& #7189 ¥, ALY BIAAIY EANY Fol vHste ofx o
e B A% A dHelEy #dAET A9 fle dAclH, A=

AAZ FRE FF qd AAH FJAY @) wWEA, FLEN ve

Frozgt nedn dot. 2y, & FUIETECY §71HA 59
AEee F718RY 2 AR FUuAS, g L AHHEAd 2A3d,
g zsel & FoF gAYz AAHT gt

oju] ZAFIE Aol TEA FAASG Z2, {VIEC] FHE FHE
ANAAZE 4% AAREHT YoM Fr1EolYd BEHAAAEEC] AES Wl
g4 E2AE F Az JAHEANE, FHI SojAok o]Fe] :9
A4S 38 d, Fig. 23137 o], ®xHo EHI 329 =
AaEn AT o ETddiA s2dYE AMde] WML o &£F {7
&89 EAT TAE HHl9 dazay Byolz=e FAARE ofriEes
Aoz FEHI 9.

f712kely g FFEEFH ZE &E {89 EHANEL, TS U9
vE &7 99719 9AMg X7 fdE o+ e 3y o«
AL A, ATHY P09 F8FP g2z LAz . £F
At {7189 £, g9l $#ADGEY HE §3], &5 pH AR
gy K7 @A, K7 £2NAE ¥ ZA(Scavenger), TFHFH {7
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AFZdy AF&E S, BiomassE §F3 BESF FL2REH VA & .

olaAtAlE WolAM e f7] BELE AFL, £ #4718 MY AS5Y
B2z oA AR Ee dEdd o8 #HE Aeg Ad {4t
gz w3ty HFHoz o FHe EAYHQ olideire Heg=z
AT, olEL F/-E+9 2L o|F(Dual-Phase) 9499 A4 Te

pHE FEFHoZ Y¥FAY ALEE ASA7I2E2 M Magnetite 59 AE0|
£&3E RE FA8n BYEEE F/HARY,. {7 BEEEo] n2A Tl
WA G 228 of ASFE 2o o AAE E49700 22 AFTAA
] a7t dojd & Ao &, Holy FE F ASTAYY ¥R

FEESEUE FEGHA Aol AsHAY, datF
WA AT 2L BAAZ BEAVICA BALESE FukEd  AbE R
£zt W2 A Y.
£ F7IEe] n2dA EEH AHEHT EAVYEY S o
AMEEA wXe dFgE oegx 2o 4, ASF9
AsA 7 IA, HZE B AAEQ Carbonater Inconel-600 IF F
Intergranular AttackS 7}439, 53] pH A|ol& Ammonia7} A3}
ZAlE ofF &34l € Ammomnium Carbonate FEZ K o
EAsA HE2=2 FATSoY AT T FHE FX@dY. AsA

[o]

e K1 oo

[ A

THAAES] &3 93 AHHE o2HY HFAAHEQ Carbonatest
Bicarbonate® Bd719 ©-ol2 FAHAAN ol2AA FHEE JIFAIE
S Alel, li%EOH HlEste vAdERrE FUhslzE §¥RA oy

BAMEEL o5& ZF7LA7Ith

mebA, ygol %’Zi%HZLL AE olAATT FA o
5 AExe APANE VI ANHE §71 B
AAE oo} By,

2 AFAE, 97 oAATS) BEEY pHol AW FHe vAE &2
A fr1EEC AT £EBY FWN Fo - HA znHstidor &
sABY PRolgts WL WAL sd, §F 472 WY Ao

P 2FEAI HE

3
T
‘C_f:%ga“o] a'l‘;ﬁ]—g-g—

MARE FFA 94F AWt ¥Pe AR, AT wol@H
FAAEEY 363 pHe A Tl FBE HAE £F 4718 ATL
D2 vk glem, 1 Wge gt 2o,



Decomposition
of Dissolved Oranic Compounds
in High—Temperature Water System

Speciation
of Decomposed Products

Concentration
of Chemical Species
in Local Areas of the System

Fig. 2.3.1. Transport of Organics in the High-Temperature Water
System.

Conductivity Meter
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Electrode
Solenoid
Valve

Water out

——

Thermistor

—>
Water In

Quartz Cell 185/254 nm
0.5 mL UV Lamp

Fig. 2.3.2. Schematic Diagram of Photo-Oxidation Cell with UV
Lamp. »
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7}. Carbonic Acid®] €983 H¥P5A
F713 A ELS FE&YolM HXe u]38%E A (Nonstiochiometric) & 2

ZAEH, 42 AETFYd e EH7IAAM uFe weAz fol HF
AL ER] oldstEAE AT o] AYFE EIAA VA EAEE
Total Dissolved Oxidizable Carbons X<l H| & gtc}.

CxHyOz(aq) = COy(aq) + H,O K oridation (7N

£ & o|Ah3letaE 40|23 Bicarbonate ©]2 Fo2 EsHm o]d wz}
AE=7t Asdd. 99 44d olidseie AAYHEH o]idstehad
Carbonic Acid2 €t 449 W Carbonic Acid?]l €3 HYAFAME
WA+l Carbonic Acidet 7178 o] 43letArt L= &3] 7|dPH S
FAste d, 2% 4% 29 A3 o] Bicarbonate ¥ Carbonate HEjZ
e, =,

CO,(g) = CO,(aq) Ko (8)

CO,(aq) + H,O = H' + HCO; K, (9)

HCO; + OH = COj + H,0 K, (10)
o, &9 o]22(Jon Product)<

H® + OH = H,0 Ky (11)

ot}  Arlel PP NLL Eo ol2FH AN (Ky = [H'I[OH D
A#ste HEYFe F& Ad HAYE HIyFANe=zZ YyeEd F Uo
o] 23ta 42| (lonic Charge Balance) 4]& th&3 2ol & 4+ 9t}

[H'] - [HCO;] - [OH] - 2[CO3*] = 0 (12)
F MAIAAHFINEY T USHeE & 5 9.
YICl = [COy(aq)] + [HCO3] + [CO3%] (13)

o] & 4| 7) (ionic strength)8] &S I EFFE A+ Molal Ionic Activity
Coefficient)& AIXt3t7l A8l FZAFT(7)7F ol2A719 42 deivds
t} < 9] Debye-Hukel BA A& A&t

logV, . (-z2 A I*®) /(1 + 15 I%) ' (14)

o 7)o A, z= o] 23A &, Ar Debye-Hukel A<, I+ o] 24718 v eEH
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7 oleg3te) BA4E e Brh

1= { [H']+[HCO3]+[OH 1+4[CO5%]) T
P A, Ao d A (Free Energy)2] ¥3le} t33 22 #4171 ok
4G = -R T In KD (16)
£2 etz e PYY4E Tas) 99, ssng D AYE 4y

Aol A s %k_ 2E doesolMe Afolux W e AL 4+
gon, g WHAFE AFdUA W g2 9o BAE AT QA
AGYUT) = 4G°(298.15) - 4S%T - 29815)

(17)
+ ACY (T - 298.15) - 4C» TIn(T / 298.15)

ojf Al&-g AA AFAUA W & AY YoE =2E2H VM AFA
glolelE Abg3ger.  wRstE 32 A 9 Carbonic Acid 389
3 ZAFolA ®s g dEZY WE g o] 2x FoMe HE
F st S e BANCEREH FIAAH.
gtz gAgy ALES Astd QL s FIBAATH ‘31301 9 g
AATE n#sted Z2@5Te 3doF Charge Balance®t Total Dissolved
Carbon &2 F2o2 FAHs HAFIHES FEE F dov oF
dELEAY At P2 T

Carbonic Acid®] £31xX 9} Bicarbonate % Carbonate29 3lgld] TAHHE=
daed PHEA ELS Table 2319 Yt Ed o] BAFEL 71A
AZA Qe AFHolElZ2RE F3 #EolY. vy F& HMA LA A

B AEE(KE F3t7] H3td o959 #AHE oj&dddd. HAdER:EE
AAAES ol&HME%(lonic Conductance)®d Z+ FTE9de HE &351d
TR, =,

K= fog = mih e

ol me &£ 1000 gl EA3t= ol 23 F(lonic Equivalent)S el

Table 2322 4 (18)A Ag"E AAFE] =¥ o]22 Ionic
Conductance gtEolth. L34 |F71E FAAAHEC] HLYAY F71E F=HA
Carbonic Acide]7] @&l 2(19)% 2ol ZE7] FuiAFTE Aostdq & &
;=3



Table 2.3.1. Equilibrium Properties for Carbonic Acid System.

Reactions Equilibrium properties

4G° 208= 2003 cal mol™.
COx(g) = COx(aq) 0
A4S" geg= -230 cal mol™ deg.

G = 36 cal mol™ deg.™

4 GO 298= 10,406 cal mol™,
COq(aq) + OH™ = HCOs 0
4S5 8= -372 cal mol” deg.”

G = 195 cal mol™ deg.™

AGO 203= 5000 cal mol ™
HCOs + OH = COs?% + HO o
45" o= -16.15 cal mol™” deg.”,

4G, = -21.0 cal mol" deg.”

Table 2.3.2. Limiting Ionic Conductance of the lons (Siemens - cn® - eq™).

Temperature
)
Ion
0 18 25 100 200 300
H 225 315 349.8 634 824 894
OH 105 171 198.3 447 701 821
HCO5 24 439 51.5 156 -306 460

_49_.



( Molarity of COZ) _ gas phase (19)
app. Z (Molanty of Carbon SDCCICS) aqueous phase

Carbonic Acid®] #uiAlTE QM ST & e @4 T g
7174¢] olitstai e EHIZ ¥ 4 Av. ¥4 Carbonic Acide AFS
E3d 7127 2L olFd F9eM E-AFH FFUINeE Eeidd.
o] Futxo] 93 Huls &9 EA] A W FIF7ERY F5HEe
Aet(Liquid Film)olA Carbonic Aciddl <% ZF5¥ pH AHZEHE
1AL E %o}

D

U, 494 | Carbonic Acid®] BHEA AP

Salicylic Acid (2-Hydroxybenzoic Acid, M.W. : 138.12) E 2] & ojj A}
g §U189 HAEEE e FAAFLEES FsAT. AHg"H UV
Aol ARP {72 A8AZF(Organics Oxidation System)€ Millipore 2]
A10 TOC(Total Organic Carbon Content) EYEE AM&3lgch  185/254
me UV F9o|A Fig. 2329 Titanium Dioxide® Z®H A9 (Quartz)®
JFol A 2E4(Ultrapure Water)®] 58] & 59 RojgAe F9 3y
TOCE £A# F &7A AL A ¥H3 o HAEEE SHAT

t}. &4 U Carbonic Acid®] B¥E54 4923 € 2z

g9ty gAHE Ao ZHE, Dissolved Total Organic Carbon®] €3]
Abs} #3jE]o] Carbonic Acid®Z 2 W EAE & e H3 &4 F8dF =
7149 olAtslerA 2 Mol Carbonic Acid, Bicarbonate, Carbonate®] 3 &
=2 AXstsd. @, Z4zhe] o 2A7] g, pH ¥ o244 v s E
Axxo] 71993l AEE Table 23.3~Table 2.359 Zo] At o]
2= 25 ToAAY A #toly nLAME vpAZIA R =X gFoly}t pH 7k
F3% 71 o

Fig. 2332 £%x9¥ & Total Dissolved Carbon 3}8£0] 3] A3l E 3|2
o 71dste vAEEe WE YEd Aot HAEE &, &5 J7E

F2 TOC #ol 71§ we ¥ F71eS Hojurt AFFHog Frted g
Ui, 225d4E yARE ge S th

Fig. 2.34% Dlssolved Carbon 3}8+go] €3] AtslEs 2 o ii‘ﬁ pH
o A3 E BAFY. TOC #ol $71g+% a8la 2571 $71d4 % pHe

2 o

4

73
o
=
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Table 2.3.3. Equilibrium Concentrations (molal) of Dissolved Carbon Species
as a Function of CO2 Partial Pressure at 25C.

Poog (b3(.) COx{aq.) H HCO;~ OH- cot- toric pH Conductivity | Totat
strei (pS/em) carbon
species
(ppm)

1 10E-07 3.74E09 1.06E-07 1.46E-08 8.16E08 6.18E-12 1.06E-07 6.97 SE1E02 1.05E-03
1.20E-07 4,08E-09 1.076-07 1.58E06 9.10£-08 6.66E-12 1.07€-07 6.97 5.62E-02 1.14E-03
1.30E-07 442603 108€-07 1.70£-08 905€-08 7.13E-12 1.08E-07 6.97 5.64E-02 1.23E-03
1.406-07 4 76E-09 1.08E-07 1.82603 8.996-08 7.58E-12 1,08E-07 6.97 5.66E-02 1.32E-03
1.50E-07 510E-09 1.09E-07 1.94EC3 8.94E-08 8,03E-12 109607 6.96 5.68E-02 1.41E-03
1.70E07 5 78E09 1 1CE-07 247882 | 8.84E08 8.89E-12 1.10£-07 6.96 5.71E-02 1.58E-03
200E07 5.80E-09 112E.07 251642 8.69E-08 1.01E-11 112607 695 5.77€-02 1.83E-03
2 10E-07 7 14E09 1 13€E.07 252608 8.64E-08 1.05€-11 1.13€-07 6.95 5.79E-02 1.91E-03
2.20E-07 ¥ 20E-08 113607 2 73E-CB 8.59€-08 1.09E-13 143607 6.95 5.80E-02 2.00E03
2.50E07 8 50E-09 1.15€-07 305EL B.45€-08 1.206-11 1.15€-07 6.94 5.86E-02 2.24E-03
3.00E-07 1.02E-08 118607 3.57€-08 8.24E-08 1.36E-11 1.18E-07 693 5.95€-02 2.63E03
3.50E-07 1 19E-08 1.21€07 4.07€-08 8.04E-08 1.51E-11 1.21E07 6.92 6.04E-02 3.00E-03
4.00E-07 1.36E-08 1.246-07 4,54E-08 7.85€-08 1,656-11 1.24E-07 6.91 6.12E-02 3.37E-03
5.00€-07 1.708-08 1.296-07 5.43E-08 7.51E-08 1.89€-11 1.29E-07 6.89 6.30E-02 4.06E-03
6.00E-07 2.04E-08 1.356-07 6.26E-08 7.22-08 2,09E-1t 1.35E-07 6.87 6.47€-02 4.72E-G3
7.006-07 2.38E-08 1 40E07 7.04E-08 6.95E-08 227E-11 1.40E-07 6.85 6.64E-02 5.34E-03
8.00E-07 2.72E-08 1 45€07 7 77E-08 6.71E-08 242611 1.45€-07 6.84 6.80E-02 $.54E-03
9 00E-07 3 06E-08 $ 50E-07 8 46E-08 6.50E-08 2.55E-11 1.506-07 6.82 6.96E-02 6.51E-03
1.00E-06 3.40E-08 1 54E-07 912608 6.31E-08 2.66E-11 1.54E-07 6.81 712602 7.06E-03
1.10E-06 3.74E-08 1.59E-07 9.74E-08 6.13€-08 277E-11 1.59E-07 6.8 7.27E-02 7.59€-03
1.20E-06 4.08E-08 163E-07 1 03E07 5.96E-08 2.86E-11 1.63E-07 679 7.42E-02 8.11E-03
1 30E-06 4.42E-08 1 57E-07 1 09E-07 S.B1E-08 2.54E-11 1.67E07 678 7 57TE02 8.61E-03
1 40E-06 4.76E-08 172607 1 15E-07 S67EQ8 3.02E-11 1.T2E07 6.77 7.726-02 9.10E-03
1.50E-06 5.10E-08 1.76E-07 1.208-07 5.54E-08 3.08E-11 1.76€-07 6.76 7.86E-02 9.57€-03
1.70€-06 5.76E-08 1 83E-07 1 30607 5.30E-08 3.20E-11 1.83E-07 6.74 8.14E-02 1.056-02
2.00E-06 6 BOE-08 195607 1 45E-7 5.00E-08 3385811 1.95E-07 %3] 8.54E-02 1.48E-02
2.10E-06 7.14E-08 198507 1.49E-07 4.91E-08 3,38E-11 1.88E07 6.7 8.67€-02 1.22E-02
2.20E-06 7.48E-08 202607 1,53€-07 482608 343E-11 2.026-07 6.7 8.80E-02 1.27€-02
2.50E-06 8.50E-08 2.12E-07 1.66E-07 4.59E.08 3.53E-11 2.42607 6.67 9.18E-02 1.39€-02
3.00E-06 1.026-07 2.28E07 1.856-07 4.27E08 3.66E-11 2.28E-07 6.64 9.77E-02 1,58E-02
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Table 2.3.4. Equilibrium Concentrations (molal) of Dissolved Carbon Species
as a Function of CO; Partial Pressure at 25°C (continued).

Peag {bar.] €O, {aq} H HCOy™ OH- cos*- lonic pH Conductivity | Tolat
strength (uSdem) carbon
Species
(ppm)

350E-06 119607 2.43E.07 20307 4.01E08 376E1 2.43€07 661 1.03E-01 1.76€-02
4.00E-06 1.36E-07 2.57€-07 2.19€-07 3.79E-08 3BE11 2.57€-07 659 1.09E-0% 1.50E-02
5.006-06 1.70E.07 2.83E-07 2.49E-07 3.44E-08 356E-11 2.83E07 6.56 1.19E-01 2.26E-02
§.00E-08 2.04€-07 3.07E-07 2.756-07 347608 4 JAE-11 3.07E-07 6.51 1.28€-01 258E-02
7.00€-06 2.38€-07 3.296-07 2.99€-07 2.96E-08 & 19E-11 3.29607 65.48 1.36€-01 2.87€-02
8.00E-06 2712607 3,.506-07 3.22607 2.78E-08 £ 1SE-11 3.50€-07 6.46 1.44E-01 1.16E-02
9.008-06 3 06E-07 269E-07 3,.43E-07 2.64E-08 4 29E-11 3.69607 643 1.52E-01 3.44E-02
1.00€-05 ¢ 40E-07 3.88E-07 3.63E-07 2.516-08 £ 22E-11 3.88€-07 6.41 1.59E-01 3.71E-02
1 10E-05 3 SAE-O7 4.06E-07 382607 240E08 £74E-11 4.06E-07 635 1.68E-01 197E-02
1.20E-05 4 08E-07 423E07 4.00E-07 230608 4 26E-11 4.23E-07 637 1.73E-01 422602
130605 4 42€-07 «.39E-07 4ATE07 2.22E-08 4 206-11 4.39€-07 6.36 1.79€-01 4.49E-02
1.40E-05 4 T6E-07 4.55€-07 40E07 2.14E-08 430E-44 4.55E-07 634 1.86E-01 4.T4E-02
1.50€-05 § 10E-07 4.70€-07 4.49E-07 2.07E-08 431E-11 4,706-07 6.33 1.92€-01 4.98E-02
1.70E-05 5.78E-07 4.996-07 4. 79E-07 1.956-08 4 3E-11 4.996-07 63 203601 - | 5.47E-02
2,00€-05 6.80€-07 5.40E-07 5.22€-07 1.80E-08 4 36E-11 5.40E-07 6.27 2.19E-01 6.17E-02
2.10E05 7.44E07 5.53€-07 5.35E-07 1.76E-08 43TE-11 5.50E.07 6.26 2.24€-01 6.41E€-02
2.20E-05 7.48E-07 5.65E-07 548607 1.72E-08 4.38E-11 5.65E-07 6.25 2.29E-01 6.63€-02
2.50E-05 8.50E-07 6.01E-07 5.85€-07 1.62€-08 439E-1 5.01E07 622 2.44E-01 7.31E-02
3.00€-05 1.02€-06 6.57€-07 6.42E-07 1.48E-08 4 21E-11 6.57€-07 6.18 2.66E-01 B.41E-02
3.50605 1,19€-06 7.09€-07 6.956-07 1.37£-08 443E-11 7.09E-07 6.45 2.86E-01 9.48E-02
4.00E-05 1.36E-06 7.57€-07 7.44€-07 1.29E-08 4 4E-11 7.57€-07 6.12 3,06E-01 1.05€-01
5.00€-05 1.70E-06 8.45E.07 8.33£-07 1.15€-08 4.63E-13 8.45E-07 6.07 3.41E-01 1.26€-01
6.00E-05 2.04E-06 9.25€.07 9.14E07 1.056-08 4.£7E11 9.25E-07 603 373E-04 1.46E-01
7 0OE-05 2.38E-06 9.98E-07 9.88£-07 9.76E-09 4.27E-11 9.98E-07 6 4.02E-01 1.65€-01
8 00E-05 2.72E-06 1.07€-06 1.06€-06 9.14E-09 4.28E-1 1.07E6 5.97 4.29€-01 1.84E-01
9.00E-05 306€-06 1.13E-06 1.126-06 8.626.09 4 e5E-11 1.13E-06 5.95 4.55E-01 2.03E-01
1 00E-04 3.40E-06 1.19€-06 1.18E-05 8.18E-09 429611 1.19E-06 5.92 4790 2.22E-01
110604 374E-06 1.25E-06 1.24E06 7.80€-09 4.43E-11 1.25E-06 5.9 5.02E-01 2.40E-01
1.20€-04 4.08E-06 1.30€-06 1.30E-06 7.47E-09 4.50E-11 1.306-06 5.68 5.24E-01 2.59E-01
1.30E 04 4.42E-06 1.36E-06 1.35E-06 7.18E.08 450613 1.36E-06 5.87 5.46€-01 2.77E-01
1.40E-04 4.76E-06 1.41E06 1.406-06 6.92E-09 4.50E-11 1.41E-06 5.85 5.66E-01 2.95E-01
1.50E-04 51006 1.46E-06 1.45€-06 6.69€-09 4.50E-11 1.46E-06 5.84 5.86€-01 3.13E-01
1.70E-04 5.78E-06 1.55E-06 1.54E-06 6.28E-09 45111 1.55€-06 5.81 6.23E-01 3.49E.01
2.00€-04 6.80E-06 1.68E-06 1.68E-06 5.80E-09 451E-11 1.68E-06 5.77 6.76E-01 4.02E-01
210604 | 7 14E-06 1.72E-06 1.726-06 5.66€-09 451E-11 1.72E-06 5.76 6.92E-01 4.19€-01
2.20E-04 7.48E-06 1.76E-06 1.76E-06 5.53E-09 4S51E-11 1.76E-06 5.75 7.09E-01 4.36E-01
250604 | B.50ED6 1.88E-06 1.87E-06 5.18E-09 451E44 1.88E-05 573 7.55E-01 4.88E-01
300E-04 - | 1.026:05 206E-06 2.056-06 4.T4E-09 452E-11 2.06E-06 5.69 8.27€-01 5.74E-0%
350604 | 119605 222E06 2.226-06 4.39€-09 4.52611 2.226:06 5.65 8.93E-01 6.59E-01
4.00€-04 136605 2.38E-06 2.37E-06 410609 4.52E11 2.38E-06 5.62 9.54E-01 7.436-01
5.00E-04 1.70E-05 2.666-06 2.65E-06 3.67E09 4.59€-11 2.66E-06 5.58 1.07€+00 9.10E-01
6.00E-04 2.04E-05 291E-06 291606 3.35E-03 453611 291E06 554 1.47E+00 1.08E+00
7.00€-04 2.38E-05 3.14E-06 3.14E-06 3.10E-09 453811 3.14E-06 55 1.26E+00 1.24E4+00
5.00E-04 2.72E-05 3.36E-06 3.36E-06 2.906-09 4.53E-11 336E-06 5.47 1.35E400 1.40E+00
9.00E-04 3.06€05 357606 3.56E-06 2.74E-09 4.50E-11 3.57E-06 5.45 1.43E+00 1.56E+00
1.006-03 3.40E-05 3.76E-06 3.76E-06 2.606-09 4.54E-11 3.76E-06 5.43 1.51E+00 1.73E+00
1.10E-03 3.74E.05 3.94E-06 3.94E-06 2.48E-09 45411 3.94E.06 5.4 1.58E4+00 1.69€+00
1.20E-03 4.08E-05 4.12E-06 4.11E06 2.37E09 4.54E11 4.12E-06 5.39 1.65€+00 | 2.05E+00
1.30E-03 4 42E05 4.20E-06 4.28E-06 2.26E09 4.54E-11 4.29E-06 537 1.72E+00 2.21E+400
1.40E-03 4.76E-05 4.45E-06 4.44E-06 2.206-09 4.54E-11 445606 535 1.78E+00 2.37E+00
1.50€-03 5.10E-05 4.60E-06 4.60E-06 2.12€E-08 4 54E-11 4.60E-06 534 1.85E+00 | | 2.53€+00
1.70€:03 5.78E—65 4.90E-06 A XIE-06 1.99E09 4.54€-11 4.90E-06 531 1.97€+00 2.84E+00
2.00E-03 6.80€-05 5.32E-06 531E-06 1.84E.09 4.54E-11 5.32E-06 5.27 2.13E+00 3.32E400
2.106-03 7.14E-05 5.45E-06 5.45E-06 1.79€-09 4.55E-41 5.456-06 5.26 2.19E+00 3.48E+00
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Table 2.3.5. Equilibrium Concentrations (molal) of Dissolved Carbon Species
as a Function of COz Partial Pressure at 25°C (continued).

Peco {bar} CO: (ag.) 1 HCO,- OH- 205 tonic pH Conductivity | Total
. stre {uSiem} carbon
spacies
{ppm)

2.20E-03 7.48E-05 5.68E-06 5.57E-06 1.75E-09 558606 525 224E+00, , | 3.63E+00
2.50E-03 B.50E-05 5.94E-06 5.94E-06 1.64E-09 5.94€-06 523 2.39€+00 4.10E+400
3.00E-03 1.02E-04 6.51€-05 6.51€-06 1 S0E-09 6.51€-06 519 2.61E+0 4.89E+00
3.50E-03 1.99E-04 7.03E-05 7.03E-06 135809 7.03€-06 515 2.82E400 557E+00
4.00E-03 1.36E-04 7.526-06 7.52E06 1 30€-09 7.52€-06 512 3.02E400 6.44E400
5.00€-03 1.70E-04 8.41E-05 8.41E-06 1 16E-09 8.41E-06 508 3.38E+00, B8.00E+00
6.00E-03 2.04E-04 9.21E-65 921£-06 1 06E-09 9.21E-06 504 3,706400 8.54E400
7.00E-03 2.38E-04 9,95E-05 9.95E-06 3 84E-10 9.85E.06 5 3.996+00 1.11€¢0%
8.00E-03 272604 1.06E-05 1.06E-05 920E-10 1.066-05 497 4.27€+00 1.26E+401
9.00E-03 J06E-04 1.13E-05 1.13E-05 8 68E-10 113605 495 4.53E400 1.42E+01
$.00E-02 3.40E-04 119605 1.19€-05 823E-10 1.19E-05 492 4.7BE+Q 1.57E+01
110E-02 3.74E-04 1.25€-05 1.25E-05 7.85E-10 1.256-05 49 5.01E400 1.72E+01
1.20E-02 4.08€.04 1.30E-05 1.306-05 7.526-10 1.30E-05 488 S.23E+00 1.88E+01
1.30€-02 4 42€.04 1.36E-05 1.36E-05 7.22E110 1.36E-05 487 5.45E+00 2.03€+01
1.40E-02 4.76E-04 1.41E-05 1.41€-05 5.96E-10 1.41E05 485 5.65E+00 2.18E+01
1.50€-02 5.10E-04 1.46E-05 1.46E-05 §.726-10 1.46€-05 484 S5.85E400 2.33E+01
1.70E-02 5.78E-04 1.55€-05 1.55€05 5.326-10 1.55€-05 481 6.23E+00 2.84E+01
2.00E-02 6.80E-04 1.68€-05 1.68E-05 5.83E-10 1.68E-05 477 6.76E+00 3.10E+01
2.10€-02 7.14E-04 1.73E05 173605 5.69E-10 1.73E-05 476 6.93E+00 3.25E+01
2.20E-02 7.48€.04 1.776-05 1.77€-05 5 §5€-10 1.776-05 475 7.09E+00 3.40E+01
2.50£-02 8.50E-04 1.88E-05 1.88E-05 521E-10 1.88E-05 arn 7.56E+00 3.85E+01
3.00E-02 1.02E-03 2.06€-05 2.06E-05 4.76€-10 2,06E-05 469 8.28E+00 4.62E+01
3 50E-02 1 19E-03 2.23E-05 2.23E-05 4 41E-10 2.23E-05 465 8.95E+00 5.37E401
4.00E-02 1.36€-03 2.38E-05 2.38E-05 4 12€6-10 2.36E-05 462 9.57€+00 6.13E+01
5 00E-02 1.7DE.03 287E-05 2.67E-05 389E-10 2.67€-05 457 1.07E+01 7.65E+01
6.00E-02 2.04E-03 2.92E-05 2.926-05 337610 2.926-05 453 1,17€+04 9.16E+01
7.00E-02 2.38E-03 3.16E-05 3.16E-05 3.126-10 316605 a5 1.27€+01 1.07E+02
8.00E-02 2.72€-03 3.38E-05 3.38E5 2.92€-10 338605 a.47 1.35E+01 1.22E+02
9.00E-02 3.06E-03 3.58E05 3.58E-05 2.75E-10 3.58E-05 4,45 1.44E+01 1.37E402
1.00E-01 3.40€-03 3.78E-05 3.78E-05 261E-10 3.78E05 4.42 1.52E+401 1.526+02
1.10E-01 3.74E-03 3.96E-05 3.96E-05 2.49E-10 3.96E-05 44 1.59E+01 1.67E+02
1.20E-01 4.08E-03 | 4.14E-05 4.14E-05 2.386-10 4.14E05 438 1.66E+01 1.82E402
123080t | 442603 431E05 £31EQS 229E-10 4.31E05 437 1.73E+01 1.97€+02
1.40E-01 4.76E-03 4.47E05 4.47E-05 221E-10 4,47E05 435 1.79€+01, 2.12E+02
1.50€-01 5.10E-03 4.63E-05 4.63E-05 2.13E-10 4.63E-05 433 1.86E+01 2.27E+02
1.70E-01 - { 5.78€-03 4.83E-05 4.93E-05 2.00E-10 £65E-11 4.93€-05 4.3 1.98E+01 2.5TE+02
20001 | 6.80E-03 5.35€-05 5.35E-05 1.856-10 455E-11 5.35€.05 427 2.15E+01 3,03€+02
2.10E-01" 7.14E-03 5.4BE-05 5.4BE-05 1.80€-1G 466E-11 5.48E-05 4.26 2.206+01 318E+02
2,20€-01 . 7.48€-03 5.61E-05 5.61E-05 1.76E-10 456E-11 5.61E-05 4.25 2.25E+01 3336402
2.50€-01 850803 5.98E-05 5.98E-0S 1.65€-10 456E-11 5.98E-05 422 2.40E+01 3.78E+02
300€-01 . 1.02E-02 6.55E.05 6.55€-05 1.51E-10 ¢ 57E-11 6.55E.05 4.18 2.63E+01 4.53E+02
3.50€-0¢ $.19€.02 7.08E-05 7.08E-05 1 40€-10 2.58E-11 7.08E-05 4.15 2.84E+01 5,28E+02
4.00€-01 1.36€-02 7.57E-05 7.57€-05 1.31E-10 4 88E-11 7.57€-05 412 3.04E+01, 6.03E+402
5.00E-01 1.706-02 B.47E05 8,47E-05 1.47E-10 4.59E-11 8.47E05 4.07 3.40E+01 7.53E6+02
6.006-01 2.04E-02 9.286-05 9,28E-05 1.07E-10 4.70E-11 9,286-05 4.03 3.73E+01 9.04E+02
7.00E-01 2.38E-02 1.00E-04 1.00E-04 9.91E-11 471E11 1.00E-04 4 4.03E+01 1.056+03
8.006-01 2.72€-02 1.076-04 1.07E-04 9.28E-11 4.72E-1% 1.07E-04 3g7 431E+01 1.20E+03
8,00€-01 3.06E-02 114E-04 1.14E-04 8.75E-11 2 TIE-t L14E-04 3.94 4.57€+01 $.35E+03
1.00E+00 3.40E-02 1.20€-04 1,20€-04 8.30E-11 £ 73E-11 1.206-04 392 4.82E+01 1.50£+03
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Conductivity (micro Siemens/cm)
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Fig. 2.3.3. Specific Conductivity of Aqueous CO; Solution.
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FEZHAA FAstgl o], Carbonic Acid’} Bicarbonate ©]23 Fhol2og
HAHe AL ne4dFE FE HILS ol S/t pHY #F49)
AEEY 458 7tA L7 gEolth

Ao A EAsts RE @A 33T gt 713 ojikstEie) Enjz Ao
He ZE7] BdAlsd A 2ZEAAT TOC X dis)h Aot
Fig. 235049} Zo], Y& X9 TOC/ 3 E W& 12dFE 32 244
F& Bo|tjyl B T TOCIAAME X &EA] & BEujAFE B4
ol AFdHAHo] W F/AAI|Y 2L 1L o|FH YoM £ fUEe
ol 93] 443t WAY Carbonic Acid7l 714 o2 554 7tsXol &7 4
o FRH Axx FJ 2 pH ZFAE Fdstd AdF F A& 296
Aol & = Qi
Fig. 236& 25 C¢ 7 %4 43l E3@ Salicylic Acide] H|AEE F&
A @3 vind AddzA say ZF dXFE BAgEY. ol #4
2olRg Mo Salicylic Acid’b 185/254 mme] UV FYoA TiO, HFAe9
ZoigAdsle] o8 @AF] A3t BAHAAEE dv|ste, A" Carbonic
AcidZ7} HAEEd S HAE A2g E F Utk

o] ML ARE ;A € Eddd BAE CO& HYgAAAN=
BAste Fd9 TOC FAY 2ot W AA49le Byl

o

fr Mo

AeHog AFTF Fol EAY F Jde £ R7]|8o] 4AHI Ao
Carbonic AcidZ 28 w 2983 FPHPN & Yo, Adzgz 129
AAZ AZFAM IFuiEe {718 4ol EAZdEE uwiz $£3
Az Agolud pHY Z#AE 7HAE F USE FUsdeny, 7185
JEe a8 LT AT o8 L
d98d gHygAMer Fxd AT g Ro8A WY Salicylic Acidd]
AsEs2 A" Carbonic Acidd AEE FAZAT T dAFL 29
Fath.  AYAHL ol&F F-Fu Wgol F£Fo L& AFRA FUEY
7 &

A A 2A0l #88S FASA
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2. 7% € #71E &€ 98 F-Fv WS

FaE f713 e 9T FRPLFL A9 ‘i%‘%iri’—} teo

Fdol AANA stz geud, ol A AF FFEL dFE 1A
A % FFoly oleu@y FL F W} = T —,—519} olE }FE
A2 o|FA Qe ©H, olHF YYPEL FTFHA AFYLe] HA R3n
Jok. wEA fEAlYd LHEAESES R dASA 23 AAANE F de
HAHY 7leMde] dedez a7HA e d, oA TAL FALH}

ol 2ZF 2 5 B3 - AA ds Fol &7ET

hoF S3idt 2HEFY AHEg AT duxdez uFFE ol&IUH
BAGo] Hold ®ar ojuE}, HHI} WU E AE3d {789 4o}
27189 #UE F=8 & Ao¥ o8 AAE FA Y ¥ F AV
HEo FFUY 7]dTY el Hu o [12~17].

F-Zu @4 (Photo-Catalysis)> B-Fw2 AlgHE n-3 TEA7 L4
o8] oA7]5e] RfAxHFree Electron)® A E(Positive Hole)g AAstm

oo} Atg-FYurEs dovle FAolth °o]lg ol&F}U FHIEL
ASAA 2T 5 de TAA FHoLE YA FFHeE MY E=
28 + Aok ol FId EFHrE FAHHY Afd, {7IER
F&ol2g FAd A & gk o] WHAAE, F-FW2 A&H31 s
el A ZHd & Fo ool Id AAHHAY Hog T
Hel2 9@ 7] g, ol§ £ T Y WYL T 5 Mg
F Qen, frIEdELS AgAPE TG = 2 oL Fo=

SHdstA AL = Aok

S ARel e At dojur ArISEE WAL
$& 1990dTRE R %71 AdY Al o

o] &3 F-Fwuj ut
I8¢ @dFsln glon FHFAA Ve Mo AZ4HT

Hozg zAlH RIEXR E’é“’ﬂ 93 EAEHE P, & F-FodLL,
19723 Fujishima % [18]o] ol FAlE dd AFE o] &3l ES E3PAHA
ArY F2E AFT 5 JYSS EEF olF, AR AZE AN 2
AR} 58 A4 477 AAF 22 A HYYH.
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F-Zulg o] &% FABY v)&e, ANRA ALHn Y= 4Ao|(Phase
Transfen)el o8 HYAA $£xa 71¢E, = 29EAL AYgA 1A
Aoz ANy ¥ BAY FHoY olemd, AN oz
AolAF)7] 9% e 9982 Frigslg: Fd, 354 33 (Chemical
Destruction)& $2A1Z % ojust AEHHez Ayst oze WA
S2EAA HAEG F YY) R, 2 AHE Y £Ha Holdx A
we A3yt AZoly 9B Agsd FAE U (121 '

F-Z0 4L F-Fuid vt A 2] W Eol X (Band-Gap Energy)
B} 2 duxE Ze Yoz AE W AW FAHE AR-AFT

4 (ctlectron-Hole Pair) S ZHE Al (g4 1) o Fd AHFL
F-Zd) ERolA Eoly FI}E +47|(Hydroxyl Group, OH)E AsiA|A
FAzEgYaS gASA g9 (g 2).

Photocatalyst — ™ e, +hy, (1
OH + hy -(hv)— OH - (2)

Fastett e whgyo] ofF golxd HRE {FUILHEES
e 4AsA Bastd F7]3(Mineralization)®@ & QI Ul S disiAE
g - og —T%° 3=

Aol g F71eY WE&FH fEo, §50|2E2 AR &) Wiy e 9
428 #FHAHY AAHAY (3§ 3), ASMFHE BTN Bg @7
A FH2Z AEAA HAF + Atk (WHF 4).

ng + n ey — Mg @)

M"™ + e — M(n_1)+ (4)

ole} o] H-Fu| AALG o&I}H ¥ Tt IV Fo veEIE BE
fﬂﬁusq LAE, 5 FVE ™ FE gH 2 UAE FHE FA A

2 9} [12]. oo tid MFFQA shFdLS Fig. 2373 Zo) 1—}6}% T
%arﬂ, grFA  BFAY  BHAAH EYE AIAARZE FHo
FLADIEE 4718 E= UAES ou|sA At

F-Eo FTAHL ZigFoR g AL T &S dojuA =t



hv

Surface
Recombinatip

Volume
Recombination

Fig. 23.7. Schematic Photoexcitation in the Solid Followed by
De-excitation Events [20].
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) gEduyA o]de AUAE 71 W ALY T AR-AF YA,
i) AX-AEe AZYEERY wWE FHEEE ZtE T HA g%
Astel &g,

i) F3E 247 2EE AT 2 AZ ] A7 AAs-FY w3,

iv) A48 g3 ¢ ZvlEd W9 AA.

wetA, F-ZeldAA4-E dutEa] Y 2L WY, ZoE AL EHE v
EAdo] ol 9& driHe] HAHE HF-AR B9 Ay BeEHn o
ERolM oS0 2z A3 % BURNE ROEA, A5-FUWE F2(Redox
Mechanism)&t & 4= Qlt}h [14]. W= Ao] HAHF Ay =& FAlsido
AAEE AA-AF ¥ F, AxAEL A d(Conduction Band) X9
Fe8S ZA Hi, AFEL dA7td(Valence Band) Auvix]e] Atz
ZHA Ao wEgA, Axdie A & 2E YA g =89 FoA
F-Zul2 Al H e WtTAe A5-#84d T AF5dd. wTAs BEd
Az} AFE FHAA 3 EF WdEdle 8L WA +4 A (Electron
Acceptor)®] 4tid Tald £/ vt HA=d XTAH ® of(R} 2
el 2 o Ao R sty AA F A A (Electron Donor)e] X &€l 2
AT A SV AXEY HET 2 g SATor A

F-Zojgt3e] & JFE F= FT 802 AANE AR FF o
A 2 & (Electron-Hole Recombination)& & % ot Az-AFel NZAF
25 ARG AT o Fd APAHAo=R wlgslq Frisig.  AE-g
kg AlgE Az AHFol WA AAFSH F-Fu W &
BRo2 WA Hu, F-Fu) THAA d3tes wgo] dojd F JYES
FHAoR A(AA e FF)E o&3r] HdAe AA-AFY AAT o]
gtz Al A Eo]or gk, olE YA E, AFEES FAAII= A 2o
BF-ZulE NA3Y A}E EFoz EIAIE HEI g, HAE
Algstel F-o7)d s A" AR AFE FHolFeE wiel U
[19~22, 33]

dmtzoz AFIEH(Hole Trapping)S ¥/t 7158 FHERZ T9
3] A A (Sacrificial Reagent)E AM&-3tA Foh. I o2, 2-Propanole] &A%
W TiO: (Degussa P-25) EWe) HFA4E HAAe 4ol dAFHE w, ofe
Edo) 43 @z Ydz EA%E AFL TS FU7) GEolgdan
g3 ok, olgh Zo] AFXHE T AA FAAZR ALEE 5 de

X

prab)
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EZA2Z< EDTAS 22 JAHAE 73 dFES0] o] 54 Yed

HA AL (Electron Trapping)® "HAZIAE HA-AFF 9 AZAFE A,
TiO: A% AZdE A9 34 TR A9 7L ouyx Y 77
W&o, o8 A9 F-Zd WA ZFu] Ao FFE ALk AR
EHAZ FL3A Ho F-Fd & & TS nAA vy wEkA,
AAERE F71E B JodM FAF S A = Fo FAo) giF
Ao FFeol we ZujEde 4o WA "ot

olg} Fo|, At49 e FHFPE 7 T[ANZ] Qs Axd AR
FE7F 333 #adY, AA-AFY AZGEET FA3) Do n AANHQ
Astagee F7SHA "dd. &, AFol ANt i wEg £x=
AYAE, Fdage Ikt F, 49 FEWIL {189 AdzE
FUAN7I2 4= JHEA doh

Mare, HAA-AFEZY AZEE 9dAFE ¥ olyHE, AAE T Yo
AF3E (Superoxide)S AARITE HEgAdo] ol F & Oy & #7IEAY
CZDANEBEEFH FEHAY FAR % 7H(Protonation)oll 28} FE A
g4 ggze FHANAN F71EL Bdsce ded a¢ f8stmg,
e AT F-Fo whgole WS4FH A4S o} (23 33]. wrH,
&o] oA F-Fuv] T Azl W3 F&o|2ET AYHes
Hez AgFez £5& ZAA7A Ao [24, 25].

ZF9 WtxA gzt EHA doyEs F-Fu vEETE £99
pHol 2lsiM &g wet TiOe A% B £odA pH7F 9 35~68 A%
26, 2719 wW S AAsoelectric Point)S 7HXBZ, I oldldde EWY
A7 Foz 1 olFddME Loz YehtA Hu ol wmtEl HlgZ 9
FRAFo] GEAr.  AAHL(Silver Nitrate) 84X dgE TiO: YA S
o] &% F-Zu] wtSolME Atis 29 HPEEV) pHe & 4FS e d,
o] pH &AL Ag' FZo| ZHEMIY AL W7 o&Fo|tt.  pHYL
Zastd ®¥He 09 FA47(0H) Fo FAAE A7 = Ag'el EW

g st Al "ok (28] ol FARSHAl E49 H-#d AAHIAAME
QgL v
-Zu] EA hF ATFE dEE MEZHA 2FEZ FH e
ol @ EfAAEY ¥Ql, e 5832 AL 9% &9
$79 ARes FLEFE du Yt F-Zu] BoldA:=

B
-

e o Jo Hr oo e
g
Lorjr oo octod8

b b
%

ofo
=2

=
.‘g. X
pH7}t

27

.?.

rld
ofl

O

BN

3
N o g
%4,
[z ¥

2
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2zolz Uz, 2 EUAY YA L vAAW S& P sABAeY
o) 43 BE P IAYY FHE TEZ 3T o [12~17). F-Ew) w37
ARt e ALEE Zujol 9% Bel 584 ¥ FTAVAY LojHe
ZANI e AL Exo) 3v], AA WLEY 5EEHo) G2 e FF 2L
2o o@ a4 2 #-26) 2RH e AL Fol AYFolTh,

B-2v) sl&e Agsar] AAAE A Ee AxG mAY AN
dojje FA4L HYsts Aol BWEHo|AW, o AL W Bas
HEo 588 T8 sAAdE UF B ¥5s e, olsh pe

l

o}

dese 320 WY x4, ¥9F, Az AR, B, g pH, ¥
FEel A% pid 9% U$E FE Sdel @3, 0ad v g9 9
FdolAe 4 £E Foz ofF st waq AN F-Zu)
el EAqol} weT ze—g——e— A7 dA8 WHAA wrom, ol W
Be AFE [21~2300] WY Folk.

CB-Fo g % & FrIEY 2AER

F-Zv g A wAE, WEUA B 2 quAE MY Aedol
F-Zuj2 AEHE n-F wUEAY FFEHe QAEA, 44Xt AAEol
Axgl2 MolHo] ARG HFo] HHY o]ge] 443} e FIWNEE T3
F&d HEFES EeA Ao

Titanium Dioxide(TiO2) #F-ZFvwlel 9% F7IE A E ZAgo sid,
Fo F7ILdESe] dFE ¢A3F] Asso] HCL, NH; CO;, He To2
771 3H(Mineralization) 5l & A2 YgRth o5 AAgLS i o
2849 +# Ao [21]

Ky
=]

1
CaHpOcN¢Cle + @a - c )0 - aCO, +dNH; + eHCl + —@a +b-2c-3d-eH, )

&5 E FHE Ad ¥EA 229 @Y 89 YoM T 2
FAIY BERAVE AT EHRARE FLIA H FH #4H3 oz =
Eadd, TiOE F-FuE AL {718 EuE FUAAYMEL AR E
FA718 Zed.  olEE 2 FANE #uze Lo oMy Atstd
SR ES 3 (Hydration)o] <3 AAHE. EFH HEFdde TiOel 2&
ZAbstE 4431 guzo] gAMEo= A2 EPR (Electron Paramagnetic

Resonance)dll 2% AHA HEoluy £x&84 ndeE T IHA AL



T3t #wazien, #4433 guzge 3EHoez F-Fvf gddM xHE
A& FUAHR AT} [29~31].

FF #7189 e A% F-Fv A HF T GAE 3™
oy £ ol&Eo] AHF oI AstEHe A3 #goZ(OH- )L
dA4ste GARA, o Uz {7189 Asugr Fo AsFo=m
BFE3 9o [32].

Wol zAto] o3 AAHdE AFHY AAE Table 2369 S o3 71x9

e A2 B8 F£A3 HUd T gAde] € Yz A o))
F7188 Easte dd F23 4L 3 %‘:}. oj2jg F4tst e
PAL F3 ZuA T XY oF Ro A, £ Foz A7 Ho
Edo] R2d Edo d&] dAHoE iszEe dodn LA Fo=
gaso A AbstAl 2 28-S A "ot W ZAl 3 AHH= HA%
FEY AAEL ofF WZA dAYEE, HAsE AFAA o537 HHAAE
E‘l% 2o FE3 Mol W v FHEHolof ot F-=v] AL

rrJ

L

G712 ATHAN F71850] URE AYHAoT wE EH
#*&717—3— A2 s, FF4HAM FF TYAZ Agsnz FHEoly
sae o] P-Zu] Lol IFL UAA Dk

lﬂol

Table 2.3.6. Reactions Which Generate Radicals at the Illuminated
Electrolyte-Semiconductor Interface [33].

O: +e Oz

Oy " + H' HO,*

HOp® + H' HzO2

HoOo + €@ OH® + OH"

H0p + Oz ° | OH® + OH + O,
HO + | OH® + H'

OH- + A OH"




7183 Lo g3 ALY F23 gd Alo]g wee ) stx)9 sEF
BEE Ave o [22], o/E2 : (a) &L F I%¥F 3 v b) FI
F7183 FAY #43 2@dZd 3o e (o) FF FA3E gdYan 4%
fF71EA 29 vbE, () FAS F 3EF 7y v Sold.  AA7RA Y
ATFAe] d3td, K718 F-Fv] BHFEEHL dutHoz gy e
Langmuir-Hinshelwood 24 @2+ Ho2 yeht A9 [32].-

. de, kK G
=T g T 1+EKCG 6)

A7l A, nd 7] WEEE, G /718 ZI|IFE, ke MEEEAAS,

Ke 344 (Binding Constant)o]t}.

3. 57F £F 7139 F-=v) BIHEA
714 (Carboxylic Acid, R-COOH)® 3W%&L oS3 e Azl
3358 nL-2 . _
——R* + COz + H’ °§}% Hgel s Az o]
R-COOH R' + CO + "OH #8s 92 240 nm o|3te]l A
- o, .
— ZAe  ojd YA ol 9 o) &
RRH + CO2

A7z FSelAN Atz Bt
A Kolbe W&ol glow o
k&9 /leE Fig. 2387 4. o ggE9 o3H, {Frae EaEo]
028 A 719 Alcohol §F, Alkene + %2 Ester 7 5°] A4 2 + g8
o},

Tl A=, Advanced Amineo] X2 WA E3=o] AT & e
7] 4k Formic Acid, Acetic Acid % Glycolic Acid€ WAooz 34

%) 2aS4e nASA

(¢

O

P
2 T

2

0
2

o &

o o

7t f714ke] F-Fu) Faietg APy
F-Zu) 9 AYPL Fig. 2399 2L HYFAE ol&3ld £33 384
(Recirculating Batch Type) 2 & 33ttt AHdoz TE o|FUE T
33 w2 7] (Photoreactor)= Z°] 36 cm, W73 1.7 cn, 9173 23 cnE W5 3
2 ZFASEE At :
4L 449 "Black-Light” Fluorescent Bulb (n-UV, GE F15TB, 18")&
Algstg o F-ug g9 320~400 ol H) AL 350 mmell A Vel



alcohol (or cther alkene ester

ROH ROR" R-COOR
\Q(-OH) T_H @
+H 30 “Rcoo ©
alcohols 2] rearrangement D @
alkenes --“——— R" R et R S50
esters .
T. ) ©
=] e -° . -C0 2 . R
RCOO =—===22 RCOO 445 ——= RCOO .4 —»| R = R ads
(start)
_V l w
alkene .. R-H
R-R alkane
dimer

Fig. 2.3.8. Kolbe Reaction Scheme of Carboxylate at the Anode of an
Electrolysis Cell.
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Fig. 2.3.9. Schematic Diagram of Reactor Assembly.
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o, F-Zu2 A8-¥ Titanium Dioxide(Degussa P-25)= Anatase 7Z(80
%)9 Rutile 7220 %)E FA XYY, 71&Axe] HFA7]= 30 nm, B E
WAL 50£15 m¥g, ¥5 $ZAAY 27)E ¢ 300 molth.  Titanium Dioxide
= Az glo] AHEEAT. AEE BF AldrichAl AEQ] AFFol itk

F-Zu] AP 500 Mo TE&Ad F-Z2u§ AT, A F, Z
ANZb A AlEE AMFSIA, dHdEE F, 022 me] MSI Filter Membrane
(Teflon)2.2 dgd ZoE 2 ¥ ShimatsuAle] TOC 500022 F71€ 4
o] & EA3H. BE AELS 20~25 T Hd2dA =33t

U 714k F-ZFof £t 9454 2 1@

Formic Acid, Acetic Acid ¥ Glycolic Acidel] oi% F-Zu] Eaut-g
azZsl7] Ysto, Alge pHE g7 #3238 pH-Meter2 AAZ 2HO
#BAFAT. AR ZIEEE BF 167 x 10° molol Q. 7 74k u
L A1Zko] wE pH W3le Fig. 23107 Zo] yelwgd. 2+ {7iite] &€
Fgd9 pHE F-Zu] 9FEFd 2F G143 sttt oy d42 ¢

o ola MARE AEH AAR (B8 1, 29 A2 BAsdA, FEL
go] ¥2td OH ol&3 Z¥stn £43 FuBe I35 f12e 37
A H3, ARE £8A 3o Aas AFY 2HURE o (0] H o] &

3 AEstd FASELH0)E FAHIAY, B9 #9902 F40 FAHE
g wgol APY ASE BTk o wgol ofs) Fele) pHE Fbac.

2H,0 + 2e" = 20H + H;?

HO,+ + e + H' — H,0,

olgjs pHel Wats weel WAHAE, = TOCY Wt (Fig. 2311 F=)o|
AME Yeldd.  Formic Acidd 2%, ¢F 40 £ FAIEZ TOC7ZE go] =,
o] o] A|¥7IA Y FAF pH 45 ddAT. olF TOCH ®WiEz= &
A8 sk ok Acetic Acid®} Glycolic Acid®] 7%, pHY 4+ oE
o] A& TOC7F Z4ststh

AE2Hoz F-Zu] wrgo] o3J Formic Acid®} Acetic Acid ¥ Glycolic
AcidBI B Ee, 71449 2% 2 O 23N EY 730 o8 pH7L
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Fig. 2.3.10. pH Variation of the Photocatalytic Reaction of Carboxylic
Acid.
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Fig. 2.3.11. TOC Varnation of the Photocatalytic Reaction of Carboxylic
Acids.
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4. &% £F& Amine 79 J-ZFv] E£J54

TiO; #-Zvl9] A3lE ol &% mHFA=] WYL #7427 (Environmental
Remediation)E& % 239 #F%3 A7l F9 sivelth. AL
SJFEEL AAd@BHANA Bo] HAHY, FFAY AxA giErEFL
FE F A9 24a4AE Za ok o7 AL-FH IAFEEY F-Fo
Zrgo] o3 T3 WEFReE &S wHEEHooF & F8F FaAleld.
A4 3E 7 Hetero-Atom(RELA) 3EHR & g3 f77 2983
TiOz0) 93] 3-57]3}(Photo-Mineralization)7} 75 3tt}.

7 AA-FH F718Y F-Z0 BAEY

Ai-3% FFE F-F718 FAAHAA ALY AFLS oF

BEstA WA dA ¥ NH:0HS 2 77124, 444 We NO 74,
Z 2971 W9 A4 Bx 5ol TiO: F-Fvd 93] ¥ME=HE, Ny NO.,
NHs, NoHy 5°] dAXsEE d, o]A& 47[€d TiO; ¥ 4" Az
AF Tl 3 A3 e o A% Reltk. ZIAAS Ammoniat TiO:
A Ao A -2+ (Photo-Oxidation) 5 o] Ne & A 7| AY A4L gl &
EAME NOE AT Low 5 [34]2 Nitrate, Nitro, Saturated T+
Aromatic-Ring @Hl9 A2-3FF Rf7IsEEC] NH 9 NO; 2 £35o
HAZHeoz F-Fr3d 3Tz HEIEIES AT - Ammonium
0] £E5-2 N-Pentylamine, Piperidine, Pyridine°] 3#-4t3=o] FAslE o),
oJRAL FUAMAHESY Immonium Cation Radical (RCH=NH;)& AZth
a2y, NHs 9 NO; ©ol2&5L AA-3% AWEgPAZt #F-A3d5He A
d& gz FA Adr. olEld AMEES NHy 9k NO; o|29 Ao
H4Y F AE2E 39 dojudn d&E BYET

Nohara % [35]2 ©4d AL-FF IFEES TiO: 89 FEYdA
ZAA 7L FEEH YAPEQ NH S NOs™ o9 558 243so AL-34
3329 3P ZE7F NH 9 NOs' o2 A vlxe d&¢s ZAbssnh
53] NHs 9 NOs 2 A F-®3lEe FRES 931 o] o2& yAH
TFZE 38729 TiO; B F39 A A3

o] Ao o3, Tl 13 Amine’| & AW FFEL, F-2H3ol %
NH, % NOs; ¢ dAlAM, ti3E NHS o]&oz wW3lgn Methylene”] )
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Fole 9PeA &gttt Amide’|E 134 £E249 o NH 2 AP
ul o)W £x7F 12 AmineZ]dAMRT © wWEZA et WHEARE
BE, 13 Aminedl QAAHYF o-¥4E x7)d A3Eo] N-C 2L AUAR
HhE, Amide SHEECME N-C Aol 444 Hdgddz AHdgsigc
w-Amino AcidFoAM= ZH7|¢l -COOH®F -NH; EF7F TiO: 4
FHAgddA FAHo=z F-413lEo] CO9t NHy o]&¢] FAo AAFHAUC).
12 Amineft C-N Z#9 Hddl o]o]A NHy'°ol otF wa7A dAAgdc
&AM MethyleneZ] 9 ¢ Aol ¥stE wAdszn o 139 2%
Amine?] £& #-A3tHo] R-NH' <ol& oz ez Hwdo Ry
FAAAEL AAHM N-Alkylidene AmineE2 AT ol F A4, o]
%ol goze AWzl Immonium Po]2eE WIH F - O0OHY ==
«OH #dZd 93 134 Aminedl AT o-B4AE AF3AA  Alkylated
Aldehyde$} NH3E A3},

1Y-FAZHE NHy 2 NOs o]2E°] dAHE AFAMe, dutygos
zEAW AA7E A9 AE NHy ]2 E= WA 7, N-Hydroxysuccinimide @)
BALolE F2 NO3 ©oj2o] Hi NHy o] HA udewd. o] ZH3}e)
93tH, NHy oj2& F2 ZF4-3f 27t €8 F ¥4€Y Amide’) 25E
AREE Aoz »ilh

Urea®t Formamide7} #-232 o, NH,9 NOy A< 2§ 24,
Uread) Z$E ¥ /A9 23 Amine”| € 7HA 3 A7l& dA|wt @& %2 NO;
o] && A4, FormamideZHE = A9 v&d 9 NHS'9 NO;j o]2o]
HAE =, Urea?l #-43l71 Formamide®th 1/56 X =@t oj9 e
g4, 2719 NHy7lol 98 OH #@dZo] TiO, EWA slE Uread)
Amide’1 € AH FAdE Ao da FA=H1 oo ma NO; °]29 F8o
Z7t3dn 2 4 9tk Formamide® 7%, OH #Y#Eo] Amined
Carboxyl7| 8 BF ZAAHo=z FASA dd. A, TiO, FdAA FHES
HAste AAYAE T3 EFol FiAHE Aol NOs o289 A #A
g £ gl

NHs 9] Arslol] 93 NOs; 9 AARAREE BAdsr] 943 99 54§
ZZ7d A NHCIE AAA B Axs, @4 4 %2 NHCl o] 15 Al F o
NO; oj2oZ WA H TS BAFAUT

pHe %< #<37] A8l Imidazoleo] F-4rstslo] NH ¢b NO; 7t

i)
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FAEHE ¥E AR A 95d, HCI NaOHZ pHE =dsglg o,
AA TiOz EvfollA FAel B 7]1%57]E Titanol(= Ti-OH)ol &3 Ao|w,
TiO; 44 OHZIE A-¢97] BFE Jeies ez d=gd. Tio:; 9
B Ax FAAI BFEAHE Fev F-8HES AT FAJAAZA B
A7 A, 4499 (pH=2ol A Imidazolee A FEsNHo NO; r}
o 64 ¥ A=Z B ¥ NH, o2& A4 F4H9Y pH=78)A=
Imidazole & HolA FAHE NO3 |29 Fx7 AHdFFaAnyg 3 vjAE
2o pH=119 947143 F9dA FAHE NOs o|&E9 FE+ pH=120A ¢}
A gd2x &= Ro] Ho|dtl. Imidazole®] F-4+3 A Fo] FAEHE=
FURANE F9o HA23FELS AJEAdodAME HA g8 #2571 Addn
olo] wat NO;~ ©]&¢ 3 Aol NHy o9 Ade] folsiad <+ 3ok
pH=11¢] @714 wiAldA < Imidazoleo] #-Atst=o] AH=H+ NHy o9
%ol B} A JeEldE d, o)A TiO; EH] Bo] FAHA7] wFEo|}
o] TiO2 ¥ A7} pH=11914 NHCl F-8§ 4ol H7EHH 75 %9 NHy o] 0]
TiO; B F&E S ¢ & o, &AM, 49 NHy ©|25 5 B2 %ol
NH:; 7|H 2 ¥3ge & 5 Qo

olzglgt ZA#}E Z3stH, Amino Acids, Amides, Succinimide, Imidazole,
Hydroxylamine % Urea®} <& FA-&HF SAEFE2 ez FAd TiO:
deolol A FEAHD XY 22 NHy 9} NOy € AT old, &2 W
39 AA 33 E(Hydroxylated Nitrogen Moiety)S 8% NOy =2, 13+
Amine®} Amidet HHE9 ZAdA 22X NH,Z% W33t} Imidazole
W 2] Heterocyclic Nitrogen7]= ¥ Amine¥} Hydroxylamined #+Z& z':=
SUHAHELE AFAHM NH 9 NOs 2 44 s, ZA-3F FFEE0)
TiOzol 938 F-2s=Ee HFAFNA 1A4 Amino?] EE Amide’]E AW
LA Bl FAEY OifE NHy ©l&¢] AAHI, Hydroxyamino7l 9
AL BIME NOy eo|2e° IHdAo e stEgFERIE 9
Aol 2E9 E&o 9L #AL. TiO, EAFY EIFR =& HI2
FEl= NHs'9F NOs~ o] 29 233 g4ojA msior & AAsolr},

0:

1}, Advanced Amine#9o] #-Zu] 2t A¥Add @ 3

Go Mg} TG AFWH D AFFANA, 4 Ammonia, Morpholine,
AMP ¥ ETA(2-Aminoethano)& ooz F-ZFu Eaurg AFPS
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FY3AAY. olBY %V|FEE, €A o|HAT FYUHE FHHE J|FoE
3, ZZ 188 ppm, 146 ppm, 853 ppm, 52 ppmoZ A AP
Ammoniags A FF A5 Z7] pHE 70 o149 G714 EHY7]24, ol
F-Zof Eajurgo] AP et A4 F, HF pHI 6.7~752 TA|
d7188Aq (Fig. 23.12). oW TOCS W3l= Fig. 23137 o] 2% 1%
BeaEsAe g EiHe COE ¥AsE Aoz HAt. AMPY AL,
%7] o 40 71X pH7} 817§ v, TOCY Wislel]l AA@A o] YelE: ),
ol Phosphate ¥t @&%F-3129 <€¥ ¥ COyt AEH7] wWEo=
B Ammonia® Z$, ¥FE 4HS pH 9004 AL Addsl=n o pH
74 ZERE oAE AAEE 2.

dedoz, B-2u wee AsFe A4 Fol £2Y AmineRo e
A2-F% §7189 B $8sTn ¢ 4 3ok V¥, Advanced Amine®]
#-zu) BaHANN RAE pH R TOCY Wit, JAAF 2d 2

5 7147l del A8 E Amined HT I3 B E dld AI (Table
214 Zx) [4ldA YEhd, 318 F8d FolA 2 sz £&EH Ao
)3} Ammonia®} Acetic Acid 2 Formic Acid2 EdEe At o= Ax
fAs . B 4 e, B dPA(s= AF Advanced Amined] EE 3|
EA4L Mste dol Huxsz F49 F JS Holo,
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Fig. 2.3.12. pH Variation of the Photocatalytic Reaction of Amines and

Ammonia.
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Fig. 2.3.13. TOC Variation of the Photocatalytic Reaction of Amines.

._.76__



H3% & 2

A o)AAF AR AAAY FRE M E BH& HAzstoof &,
o] $I8lA PWR °lAIES pHie 72182 #AHoloF gtk | PWR
o] X715 pH AojAlZ Al8%F<¢ Ammonias pH AEA 9 93&
el gled, ol dAYE 4+ = Advanced Amines?] HLo] Q&7
Atk o]d “Jrﬂ} Advanced Amines®] X873} B©FHE& HESIL pH
A EZAAEE Hrtstd 2 HEAIFES AAGe dH, o|AA TS5
$£E BETE %‘-01]*1 I E UHE §& F71EE0 pHA vlAlE I9FS
3, olse AFFY %—rﬂﬁl gANA AAG = U F-Zu)
254 e nFstden, 0 AH4EL uEH 2o

LA olxAATF9 pHZF STFHAE Hod F$, IGA/SCCH Pitting
e BEAN9Ye FAC 5 A% AAA A ¢7]x] £ Alng §d3d.
uetx], AS5Adu e Ra&Edn desde Had @ VA FAH &g
A2 AdMes, F71EA7, B8Y, 57, 847147, FE71E 2
golad 5 2E R399 AFS pH/ B AL A Alojsl ook o).

« ZU PWR o|aHAI S5 pH A AZ AHE-F<Q Ammoniay 3{TAd ol #HA
7149 o sEn HE 7199 e FAFFe] FHol FAC F+2¢FE Fo
] Eggdrld aany AFd dq3eE _7?:3]13}-!- 2. Ammonia®)
Eog AELHol2 Advanced AmineE2 FAAAEQ o]lF3 FACE
A8 Barlgle FAl H|E§-E7 FHAAMNE i‘:} F&% pH AlolA¢
A& Boli gl

Amine?] F8 pH AojAl EA4AAE, &4 pHE &dF+= F=EQ
H7IA71(Kp), F718-4371e EWMA=E
B A (K, Z2olA Ammoniatt §7) J'-% A pHel 4F& uvjx+=
JEE L AFTAHu vIXE 9% Fol At FU PWR ©|aAI S+ pH
A A2 Ammonias A3l Advanced AmineS 2 £3}7] 98, Ammonia,
AMP 2 &= PWRAA H&F<QU Morpholine,b ETA ¥ AMPE FA4 o2
2 pH AdA SA4AQAES vl BrHstA

- pH Ao 24 Amine 47147 $4& MPAY AMP =& ETA7
EulAS4 EAL MPAY Morpholine =¥ ETA7 w3, g8 SAe

._.77_.



AMPE A &3tE Fo| utgAsy, G714719 2uAs € 4 <HAA % 25
22 gE MPAVL 713 & ALE YRy, ¥, o$ v

Amineo] AL F7|¥YY RIde Fou "1%"39—‘] T899 Amine
ST UEFE $£udr] YA e ETAC MPAY Morpholinegd A
Egste Waol v ZAoE AGHYH.

o OlAAFTTY RE F714e] pHel WA= JdFE HA3I) 95Ho,
AT FY & F71Ec] ¢A3] Asste] Carbonic Acid2 Agd A$
71749 olitslgtA R BArel Carbonic Acid, Bicarbonate, Carbonate Z}e)
BYEFE, o]2A7] &, pH € o]24 84 3FqFEo] AL 7|dst:s
AEE 4983 HYJAZ AMG 23, 229 AFFANAN {7180 IFoF
£ &5 ddEgxE ATy A=x Asolv pH 747 utd S #8319 n
F718 olsol 2 ez FHEE o3 FFE ¥ AeE FAHHJGD
o] A= AZFgrL Salicylic Acid® F-Fvu] 432 A" Carbonic Acidel
e AP@h 2 GARPLH, o2 AYH F-Zw) Wgo] $F9 Ay
£ #7189 dA9gd Yo dig FHE A K&} T, A=Y

2 dEs AAHEYI CoE AYAAAZIZ2 M3} E TOC HABRY
At AP0 E THLE A5

o|AHAI T £E HA-FH F71E°l pHel ¥lAE JFE A
913k, Ammonia, Morpholine, AMP % ETAE Wido=z $3y3 3J-
2awre H4¥AIE, AmmoniaE AT Amineel pH7F 7.0 o]
AREE F 9A 67~758 |7188 3, TOCY ¥Erl 2% 12 93&x2
2350 COE AR ReZ Bydd. AMPY A$E, %7 40 714 pH7L
3174t TOC W37 A A=Az, Ammonia® A9+, pH 9094 742
A E AT ol#H T AmineEd F-Ew] BIEY A, F-Fof w0
A Foll & AmineRd 22 AA-TF K719 RAFAH L FE3) A
3 48 s {FEEE FAsHY

AgAog, U PWR olaHAIE4 pH AAAZ HAELE & Q¥ Advanced
Amine 2+ MPA ©9¢ Aminedl ¥ ETA+MPA(X Morpholine) &%
AmineZAl7t HlZA 53, 45 F £F {7180 ASS pHY IS v
2EE AAsE vl F-Eu) £/ FE8F¢S FASFA T
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Abstract(15~20 Lines) |

Since ammonia, for pH control in order to minimize corrosion product in
domestic PWR secondary system, is very volatile, tends to stay with steam
phase, resulting in not providing proper pHs, advanced amine application is
required. On the other hand, dissolved organics in the system water should be
removed during purification, since they have a negative effect on cycle pH,

Therefore, the characteristics of pH control agent with ammonia, morpholine,
AMP, ETA and MPA were evaluated, and the effect of dissolved organics on
pH and the characteristics of photocatalysis for removal of them were studied.

Based on the base strength, distribution coefficient and thermal decomposition
rate of them, a single amine system of MPA seems to be available. Under
consideration of wet steam area protection and low temperature feedwater pH
requirement, a mixed amine system of ETA with MPA or morpholine is
thought to be more available,

The calculated values of thermodynamic equilibrium between carbonic acid,
carbonate, bicarbonate and carbon dioxide agreed with the values measured
from photocatalytic decomposition experiments of salicylic acid. It showed that
the conductivities of the aqueous solution decreased, while pH increased even
with extremely small quantities of organic acids. While, results experimentally
obtained from photocatalytic decomposition of the amines above showed
photocatalysis would be an available process for removal of dissolved organics.
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