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€ The theory of acid deposition and its application to the dew-
point meter.
» by T. LAND (Land Pyrometers Ltd.) , Journal of the Institute of Fuel, 1977

0 X1 BMEEA (10nvKRIZHITS)
Table 1

The figures shown are ppm H2S04 volume
°C 0 1 2 3 4 5 6 7 8 9
100] 0.08] 0.09{ 0.11{ 0.13f 0.15{ 0.17] 0.20] 0.23]| 0.27] 0.31
110] 0.36| 0.42| 0.49| 0.57| 0.66| 0.76] 0.88] 1.02] 1.17| 1.35
120 1.6 1.8 21| 24| 2.7 3.1 3.6 4.1 47| 54
130 6.1 70! 80| 9.1 10.3] 11.7| 13.4f 15.2] 17.2] 195
140 22 25 28 32 36 41 46 53 59 67
150 75 84 95| 107 120] 135 150 170f 190] 210
160 235| 265| 295 330f 370 410] 460 510| 570 630

® X2 FX1DWMMKEREMET 2% KPITKHMIE)

Table 2
vih H20 5 6 7 8 9 10 11 12 13 14 15
At (°C) -8 -6| -4.5 -3] -1.5 0 1 2.5 3.5 4 5
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TABLE 1
COEFFICIENTS OF VAPOR PRESSURE FORMULA

& P. MuellerZ &k 2 EBiH75 BB HT (1957) Gk

ci wot %| A; [(-Bj*50)°10-3| Dj [Ej-103

> BRARNEOREKEOR BB [ 2 2 oo
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-] : .
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. . . . . 20 66. 4 8.66 -22,70| +15,9
LogPi=Ai+Bi/T+DilogT+EiT o et b BT
30 +23.5 7.05 - 5.88] + 5.6

- C. %E&'is Abel’s B3 @ 35 s 650 =30l + 2.5
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2. Physikalish-chemische Tabllen, Gl 2 L 0
Ergiinzungsband llic, z. B. S. 2523 L3§,3 ey T

Hi B2: “Contribution to the question of the effect of sulfuric avid on
the dew point temperature of flue gases” , P. Mueller, Feb. 1957

Mueller® 5 E(E. HMEB/KBREL THREBEKDOREL
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Example; 0.01ppmv H2S04 & 10%v H20
= X (Py2504/Przo ) =10°%, Y (Pyps0st Piao) =76Torr q Tsat (10%H20)=46.1°C
= Then, LSDP = 90°C (From Figure.2) = Then, LSDP = 46.1 + 44 = 90°C

(¢}

X (Priys0a/Piao) = 10°5% = Y = At (LSDP-Tsat) = 44K

Hi 88.: “Contribution to the question of the effect of sulfuric avid on the dew point
temperature of flue gases” , P. Mueller, Feb. 1957
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3 IS ‘5?’, o K& 1 T‘\, _@L_WSIE e | = et Bgp =012 41m iy |, Y Y

= 807 L / ‘f'l 14 8 L. | T = > 7 7
= T N T TR NI | , ¢ TNETO
¥ T 1rha ! R R ! 7] =T A VI RBT—%
L 600} [N\ 1L 1\ i L s Ak | | L Vi Rs J
2 /| Ll NY / i \ ! | 81 T T .
a ‘ f L - g b 1@y +—F(] [ ave /
o \§ 7 T | 'v Y\ 1 | ) 0. | /v Y.
& L@,*i\/\/ / 7’ / \; . Y’\ ! s i | a4 ¥

/ / I U 7 k| g 3
© s /——, & —4 ,l /l TN }_[' N ; | i | ;’7
. s ~ GL i b ! ol : i1 U 1
,% 1 TN/ > v RS . zm o’ o’ 0 1Ub‘pm wr aot o 1T % n
fi = —"'\L—-’R > o 0.0001ppm (@ 10% 120) 100ppm
S P [ [ 7 I o w % W (@ 10% H20) > g‘lg)ure 3 (@ 10% H20)
0.0001ppm "sto""nzo 100ppm Increase At, due to Sulfuric Acid Vapor, above the
(@ 10% H20) (@ 10% H20) Vapor Dew Point, Comparison with Available Measurements

Figure 2 - Total Pressures of the Gas Phase as a
Function of the Partial Pressure Ratio PH,S0)/PH,0
and the Temperature or Liquid Concentration
Example; 0.01ppmv H2S04 & 10%v H20 X (PHZSO4/PH20) =10°% = Y = At (LSDP-Tsat) = 44K
= X (PH2504/PH20) =10°%, Y (PH2504+ PHZO) =76Torr ‘ Tsat (10%H20)=46.1°C
= Then, LSDP = 90°C (From Figure.2) = Then, LSDP = 46.1 + 44 = 90°C

Hi 88.: “Contribution to the question of the effect of sulfuric avid on the dew point
temperature of flue gases” , P. Mueller, Feb. 1957

Mueller® jJ = jliﬁJ\Ekt (PHZSO4/ PHzo)wgﬁ—éiﬁ 311"(' L\é o

© 2023 Toshiba Energy Systems & Solutions Corporation 12




BRmMGXRIC K 5FRGEH—T

DSC-KTP-COM-0012

0.1 ppmELTFIZE T BMuellerd H— T £T. Land D LLER

400

360

w
N
o

DEW POINT, °F
n
]
=]

/

N
&5
o

A

=

|

f—

8

0.01 0.10 1.0 + 10 100 1000
SO4(H,S0,) IN FLUE GAS, ppm

Figure 22-1. Mueller's curve indicates acid
dew point. (10% Moisture content)

Hi #.: “Chap. 22 Coil-end Deposition and Corrosion
Control”, Suez Water Technologies
https://www.suezwatertechnologies.com/handbook/c
hapter-22-coil-end-deposition-and-corrosion-control

Sulfuric Acid Dew-point
(Moisture content 10%)

170

160

150

140

o 130
120

—e— T.Land data

—o— Muller'sCurve

n n,l 0 1 1 1n lpn 1nf\m
v.v V. v uu uuu

Mueller® A — . ERAMIZIX 0.01ppm ETHEZ B,

BRHEXRICE 5FMHGEH—T
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DSC-KTP-COM-0012

0.1 ppmATIZE [T S Mueller® 71— T &T. Land D LLER

400

360

W
N
o

N
&5
o

DEW POINT, °F
n
(]
(=]
\

A

-

]

g

0.01 0.10 TR 100 1000
SO4(H,S0) IN FLUE GAS, ppm

Figure 22-1. Mueller's curve indicates acid
dew point. (10% Moisture content)

Hi #8.: “Chap. 22 Coil-end Deposition and Corrosion
Control”, Suez Water Technologies
https://www.suezwatertechnologies.com/handbook/c
hapter-22-coil-end-deposition-and-corrosion-control

Sulfuric Acid Dew-point
(Moisture content 10%)

170

160

150

140

o 130

120 —e— T.Land data

—o— Mufler'sCurve

0.01 0.1 1 10 100 1000
v.y v. v vy vuv

Mueller® h— . ERAMIZIX 0.01ppm ETHEZ 5,

© 2023 Toshiba Energy Systems & Solutions Corporation 13




“ASPEN”[C kB Z2al—Ya Yy
DSC-KTP-COM-0012
& “Aspen Plus” v8.8IZ& % 3 DM E T )L (example files)
v Model-1; Flue gas ETJIL (7 7 1 JL4; flue. g)
v" Model-2; Sulfuric Acid ET )L (7 7 A JL%; sulfuricacid)
v Model-3; H2504 & T )L (Aspen_Plus_H2504_Model)
® BZETILDEH

v ERRENRILEERHMETILNMEDN TS
e ELECNRTL; JEIE%E BREEKBHR & A1) —H|
e ENRTL-SR; X #AEAAENRTL & RKIREEHFEK

AR—XETJU  ELECNRTL ELENRTL ENRTL-SR
Henry comps. FLUE-G GLOBAL N. A. FETIT
EE
Chemistry ID FLUE-G GLOBAL H2S04 ZETILT
it
[““TELENTBmDENE, ENENEUIEERE L TRAELT
L ‘5'%E€ﬂf£ U f?‘—o ./ © 2023 Toshiba Energy Systems & Solutions Corporation 14

“ASPEN”[C &L B Salb—Pa Yy
DSC-KTP-COM-0012
€ “Aspen Plus” v8.8IZ& % 3 DM E T JL (example files)
v Model-1; Flue gas ETJIL (7 7 1 JLA; flue. g)
v Model-2; Sulfuric Acid €T JL (7 7 4 JLA; sulfuricacid)
v Model-3; H2S04 & T JL (Aspen_Plus_H25S04_Model)
® ZETILOEH

v BB NRTLEERMETILHAELNATLNS
e ELECNRTL; JFIBME EMEKBR & A2 —H|
e ENRTL-SR; ®#REAZBENRTL & RKIKREAFER

R—RETJL  ELECNRTL ELENRTL ENRTL-SR

Henry comps. FLUE-G GLOBAL N. A. £ETIT
ER

Chemistry ID FLUE-G GLOBAL H2504 Z£ETILT
ER

[““TERIN-BRDEH*, FHAFNEHIEES L TEMHALT
L ) 5 %Eﬁ “‘5 U f ?(-o _/ © 2023 Toshiba Energy Systems & Solutions Corporation 14



“ASPEN”IC KB Zal—ay
® HEEHE

v’ H20;5% & 10% ({KF&LE)
v S03; 0.1 v.ppm ~ 5 v.ppm

unit; v%| Casel Case? Case3 Case4 Caseb Caseb Case7 Case8
H20 5 5 5 5 10 10 10 10
SO3 0.00001| 0.00005 0.0001 0.0005| 0.00001| 0.00005 0.0001 0.0005
N2| 74.17599( 74.17596( 74.17592| 74.17561| 70.27199| 70.27196| 70.27192| 70.27161
02 19.9025| 19.90249| 19.90248| 19.9024 18.855| 18.85499| 18.85498| 18.8549
Ar 0.8835 0.8835| 0.883499| 0.883495 0.837 0.837| 0.836999| 0.836995
CO2 0.038 0.038 0.038 0.038 0.036 0.036 0.036 0.036
Total 100 100 100 100 100 100 100 100

& FHERDH (Model-1)
v T.land DX, KIEDOR & V&B DR & D LB

DSC-KTP-COM-0012

H20 v% 5 5 5 5 10 10 10 10

S03 vppm 0.1 0.5 1 5 0.1 0.5 1 5
“ASPEN” Model-1 68.4 72.7 74.7 79.6 76.8 81.1 83.1 87.8
T. Land 93.6 104.2 109.0 120.5 101.5 1121 116.9 128.4
Otsuka 84.0 98.0 104.0 118.0 94.0 108.0 114.0 128.0
V&B 88.0 101.8 108.0 123.4 96.2 109.6 115.6 130.5

[ TEEALBROEHIL, ERENEHSEEL L TRHALT
L )5%‘5@ \‘f Yy g{-‘?"o ¥ © 2023 Toshiba Energy Systems & Solutions Corporation 15

“ASPEN”[Z KB Zalb—v3y
® HEEH

v H20:5% & 10% ({KF&Lt)
v S03; 0.1 v.ppm ~ 5 v.ppm

unit; v%| Casel Case? Case3 Cased Caseb Caseb Case7 Case8
H20 5 5 5 5 10 10 10 10
S03 0.00001| 0.00005 0.0001 0.0005| 0.00001| 0.00005 0.0001 0.0005
N2| 74.17599( 74.17596( 74.17592| 74.17561| 70.27199| 70.27196| 70.27192( 70.27161
02 19.9025| 19.90249| 19.90248| 19.9024 18.855| 18.85499| 18.85498| 18.8549
Ar 0.8835 0.8835| 0.883499| 0.883495 0.837 0.837| 0.836999| 0.836995
C02 0.038 0.038 0.038 0.038 0.036 0.036 0.036 0.036
Total 100 100 100 100 100 100 100 100

& FRDH (Model-1)
v Tland DX, KIEDX & v&B DR & D ELER

DSC-KTP-COM-0012

H20 v% 5 5 5 5 10 10 10 10

S03 vppm 0.1 0.5 1 5 0.1 0.5 1 5
“ASPEN” Model-1 68.4 72.7 74.7 79.6 76.8 81.1 83.1 87.8
T. Land 93.6| 104.2| 109.0] 1205 1015 1121 116.9| 128.4
Otsuka 84.0 98.0| 1040 118.0 940| 108.0| 1140 128.0
V&B 88.0| 101.8 108.0| 123.4 96.2| 109.6|/ 1156 1305

[““CEHSIN-BRDEHE ERNENEHIBEEEL L TRAFLT
L ) 5 %Egjjftﬁ L/ od:- ?"0 _/ © 2023 Toshiba Energy Systems & Solutions Corporation 15



”ASPEN”': J: 6 :/ E = l/_ :/ a > DSC-KTP-COM-0012

L Eﬁ.:lko)ﬁ:_g & 0)1:|:$§ (T. Land DT & Mueller h—T E DB )

Sulfuric Acid Dewpoint estimation (Defference from T. Land data & Muller's Curve)
45

+— Model-2 H20 5%v - T. Land
==e~--Model-3 H20 5%v - T. Land
—e— Model-2" H20 10%v - T. Land
--e--Model-3 H20 10%v - T. Land
—e— Model-2 H20 5%v - Muller
—eo— Model-2 H20 10%v - Muller
—eo— Model-3 H20 5%v - Muller
Model-3 H20 10%v - Muller

Dew Point Difference (K

1 10

Model-3 A8, B3 XE LR L TRLHEL

[““TEEIHEBRDEHL, FLEAEHIEBIELLTRALT
WBEEHHYET, J

“ASPEN”"IC KB Zal—ay

L IE,’H(O) 7__\\_9 & @tbiﬁ (T. Land DT & MuellerD hH—T E DLLER)

Sulfuric Acid Dewpoint estimation (Defference from T. Land data & Muller's Curve)
45

© 2023 Toshiba Energy Systems & Solutions Corporation 16

DSC-KTP-COM-0012

+— Model-2 H20 5%v - T. Land
==e~--Model-3 H20 5%v - T. Land
—e— Model-2" H20 10%v - T. Land
-=-e~--Model-3 H20 10%v - T. Land
—e— Model-2 H20 5%v - Muller
—eo— Model-2 H20 10%v - Muller
—e— Model-3 H20 5%v - Muller
Model-3 H20 10%v - Muller

Dew Point Difference (K)

/
01 o1 1 10

Model-3 A%, ARLEXEELBL THRBIEL

[““TEEINBRDEHL. FLEAEHIEBIELLTRAEALT
WBEEHLBYET, J

© 2023 Toshiba Energy Systems & Solutions Corporation 16



“ASPEN”IC KB Zal—ay

DSC-KTP-COM-0012

Comparison among models (H,0=10%v)
140
e
5 ‘
a
3 80
= 70
60
0.000001 0.00001 0.0001 0.001 0.01 0.1 1 10 100
SO3 (ppmv) (HZO= 5 %)
—e—Mueller'sCurve  —e—T. land's Table  —e—ASPEN model @ Actual Plant by ASPEN 140
130
5 120
o 110
£ 00
. & 90
—— Mueller® h—7 Z 80
70
— T.landD I 63
— 0.0001 0.001 0.01 0.1 1 10 100
— “ASPEN” &7 )L (model-3) o )
(ppmv]
e Actual plant by “ASPEN”
—e— Mueller'sCurve —e—T.Lland'sTable —e— ASPEN model

“ASPEN” model-3 [X. Mueller®Hh—

JIZ3E L

["“TEHEENEBRBDEHIE. ENENEHIBEEEL TRALT

R © 2023 Toshiba Energy Systems & Solutions Corporation 17
WEBENBHYFT, J
“ASPEN”IC& LS al—Ya:
7 7 DSC-KTP-COM-0012
Comparison among models (H,0=10%v)
140 =
2
o
a 70
80
0.000001 0.00001 0.0001 0.001 0.01 0.1 1 10 100
503 (ppmv) (H,0=5%)
—e—Mueller's Curve  —e—T. land's Table ~ —e—ASPEN model @ Actual Plant by ASPEN 140
130
5 120
o 110
£ 00
. £ )
——— Mueller® h—7J Z 8
70
—T.LandDF 0
— 0.0001 0.001 0.01 0.1 1 10 100
— “ASPEN” &7 )L (model-3) U
(ppmv)
e Actual plant by “ASPEN”
—eo— Mueller'sCurve —e—T.land'sTable —e— ASPEN model

“ASPEN” model-3 [E. Mueller®H— T [Z3E LN

[« TREN-BRDEHIL, EREREHIEGEE L TRALT
LWBEBLBYET. J

© 2023 Toshiba Energy Systems & Solutions Corporation
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BESOIDHEBERDFAICETILEZFES TR

DSC-KTP-COM-0012

“ASPEN“ ETIVIZK BPEBERDVZalL—3 Y
EWTS O FDT—2 EFE-o>THE

Results form actual flue gas data

_Emowe=#a TS5k

140 —e—T.Land (503 : 5ppm) T. SO3 (&5 ~0.01ppmDIE
130 —— —8 Otsuka(SO3 : 5 ppm) 5}%}1;_& L,—C:/E alb— "
- . Model2 (S03:5 ppm)
g o e || EINGOBRE S EFAE R
E e @ —e—T.Land (S03:0.1ppm)
g 1 —e— Model2 (S03:0.1ppm)
. ﬂtﬁ:’ — o ModeE3{808:0 1) S03 H20 Dew Point | Difference
s —o— Muller (SO3 0.01ppm) ppm % c K
g 10 11 12 13 _g— Model2 (503:0.01ppm) ASPEN 0.415 9.8% 111.0 Base
Water vol % —e— Mode!3 (S03:0.01ppm) 0.655 9.8% 115.0
N N 0.415 9.8% 107.9 -3.1
EERTHEHN TSV abt LE e
MTHEASIATSRIER & B Otsuka [——“——

ZONTFRKXITEAZE/PMEEL. “ASPEN” [XIE L < FE{f

[““TLSNEBRBDENIL. ENEAEULIBEEREEL TRAELT

VWEBESBYFET, 1

© 2023 Toshiba Energy Systems & Solutions Corporation 18

IBESOIDHBERDFAICETILEFES TR

DSC-KTP-COM-0012

“ASPEN“ ETILIZE PEBERDVZalL—da Yy
EHWTS O FPDT—R2 2F>THE

Results form actual flue gas data

_Emowe=#a TS5k

140 —e—T.Land (503 : Sppm) —C‘\ SO3 ‘j: 5 ~0.01ppm0)1f_i
130 rrr— —e Otsuka(S03 : 5 ppm) ;’%Fi& LToX2ab—Fk
~ 120 —e— Model2 (S03: 5 ppm) . e
gé 1: —e— Model3 (S03 : 5 ppm) ;ji LNGo)Eﬁﬁh\liyé & t H
é e @ —e—T.Land (S03:0.1ppm)
g 1 —e— Model2 (S03:0.1ppm)
n—f—-—-"'"'_——;‘ e ‘ S03 H20 Dew Point | Difference
9 L & = —a— Model3 (S03:0.1ppm)
20 —e— Muller (S03 0.01ppm) ppm % C K
8 1 11 12 13—o—r~.'1cde2(503:3.21ppm) ASPEN 0.415 9.8% 111.0 Base
Water vol% —e— Model3 (S03:0.01ppm) 0.655 9.8% 115.0
— — 0.415 9.8%| 107.9] -3.1
ARANAD 2IEDEMBT—F EFEST, Vas 0.655] 9.8%| 111.8] -32
EERTLELEOLATLSVABR EE 5 -
O N 0.415 9.8%| 106.0] -5.0

ZONFARIIERZENMEML. “AsPEN” [XIE L < 4l

[“ T ENEBRDEHIE. ENENEHIBEEEL TRALT

WEBESBYFET, 1

© 2023 Toshiba Energy Systems & Solutions Corporation 18




BESOIDHBERDFAICETILEZESFR

[HEA AP DERIESOIEEDHETE ] M oROT=-ERNL
E T ILILEE

Wﬁﬂﬁ&ﬁa 2H,S + 30, - 250, +2H,0 (10% 0,)
PR YFETR DERHR : 250, + 0, - 250, (5%$ﬂ§a$)

H2SDBEIERFE N  0.2ppmv  0.02ppmv  0.00lppmv DP =70°C

HKROI-15E =lppbv = @10% H20
KKRHZRDEH#E[E =4ppmv =<0.4ppmv = 0.02ppmv DP="°C
MNoROI-15E @10% H20
FAMLEETILIE  2ppmv 02ppmv 0.0l ppmv  Min. SO3
DEETE (R) =10 ppbv  assumption

BIESOIDHEERERATTILOTERIE. KRIZ10ppvE T 5,

“ASPEN” ETILIX, D AEZE LT 5DICHRIICHEE,

[““THENLBRBDEHE. ENEAEHIBEEL TRALT
VWEBEDBHYFET, 1

BESOSDHBERDFAICETILEZESFR

[HEA AP DRIESOIREDHTE ] N oRO-FERAMKI
E T EEH

Wﬁeﬂ#&ﬁc 2H,S + 30, - 250, +2H,0 (10% 0,)
etk DERHE : 250, + 0, - 250, (5 % ¥R ER)

H2SDEIFERFEN  0.2ppmv  0.02ppmv  0.001ppmv DP = 70°C

© 2023 Toshiba Energy Systems & Solutions Corporation 19

HROHI-HZE =lppbv  @10% H20
KAHZADEAEE =<4ppmv =04ppmv = 0.02ppmv DP=°C
MoROHT-HE @10% H20
ERMLEETILIE  2ppmv 02ppmv  0.01ppmv  Min. SO3
DEEZETE (x) =10 ppbv  assumption

BIESOIDHEBRERATTILOTERIEX. KRIZ10ppvE T 5,

“ASPEN” ETILIX, D AEZE LB T HDICHRIIZHEE,

[““TEEIN-BRDEHIL, FhELEUIBEELEL TRHAL T
WBEBEHBHYFET, J

© 2023 Toshiba Energy Systems & Solutions Corporation 19
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CNETOER

@ “ASPEN” Model-3 (ELECTL-SR, H2504 model) |35
v' T.Land DFEAS Mueller® h—TIZ&H ALY
v’ “ASPEN” ETIL & Mueller®h—T(LXFR E—
® “ASPEN” DEIHETI/ILIEMuellerdh—T LR L EBHN D,
& RDt&ET
v “ASPEN” ETILDBEE EMueller DAEFLLET S
\/ Mueller® A —J Z#RZH D T— ’)"’CEﬁInTj'%)

« “ASPEN” E-TIJLIE. 0.01ppm Bl so3k | JZODE#“
HADERFRATERT S, Mueller D ERER A 73

. 74\y%4>7“%“—9r-a&§wnt» 75 3 DRER
Mueller1— J[X“ASPEN” ETI)L & BT B s MFDT—ATD

DSC-KTP-COM-0012

~

BENH D, . TavTaT

0.01ppm SO3LL L CET S l= $ L L\Mueller A— T (X,

GTCCOXEE L HREH B EIM DA TH S,

/-” “ Fﬁ:ﬂéﬂt’%—n‘% @gﬁ/i‘ %n %“ﬁg?‘t}jfgffy& L Tﬁﬁ [' _C- © 2023 Toshiba Energy Systems & Solutions Corporation 21
WSBEDHBYFET . 1

chETOHRRE
DSC-KTP-COM-0012

€ “ASPEN” Model-3 (ELECTL-SR, H2504 model) | fx &
v T.Land DFRO Mueller h— T IZ&xEH3ELY
v’ “ASPEN” ETJL & Mueller® h—TIFFAE—K
® “ASPEN” DEH/ETILIZMueller®h—T ERILERDHLN S,
® RO
v “ASPEN” ETILDE = &Mueller DAEXEZFLLET 5
\/ Mueller® h— T & D T— ’)"’CE&JT%)

« “ASPEN” E-TJLIE. 0.01ppm Bl dso3k | JEODE*“
HADERFTRTERT 5, Mueller® ¥ pY 75
74“/7‘-4‘/7“7‘-“—9'63&5Té1’tf:» 753 DRESR
Muellerh— J(L“ASPEN” ETFJL L BT B s RIDT—HFTD

~

WERH D, . TavTA 2

0.01ppm SO3LL L THET S f= F L L Mueller h—T (X,

GTCCO R E L HREHI W EIM DA TH S,

[ “ T ENBaaDEHIE. ENERBEHLIBEE L TRAL T, orromivn e crey Systems & Solutions Corporation 21
WBEEABYFET, J




Mueller® 71— 7 & “ASPEN” €T J/)LDEI R

DSC-KTP-COM-0012

QOEBMEH X DEHTEL K DEERT—4 (V. M. Bodenstein & M. Katayama:1906)

4

QBB AR DS EIZEIT ZAbelDRER (1946)

@ PerryD{LZ/\> KT v 4 (water vapor pressure on sulfuric acid solution:1950)

y
@HBESICET 2MuellerDEERH— T (1959)

COBRBEIKARDEHEHKDEERT—4 ().1.Gmitro & TVermuelen:1964)

OB E A DEER (E.S.Lisle &J.D.Sensenbaugh:1965)

¥
OBEBERICET AT. LandD 3 & B D E#E (1977)

@ PerryD /N> KT v 4 (8t edition by R.H.Parry:2008)

(9)ENRTL-SR model for Sulfuric Acid-Water-Sulfuric Trioxide System (Aspen stuff:2011)

10”Aspen_Plus_H2504_Model“ example file (2017)

Mueller& & “ASPEN” XL\ KT v H 2S5

[““THEIN-BRDEH L, EHEAEHIEEELL TRAL T
WBBEHBHYET, J

Muellerd 71— 7 & “ASPEN” ETJLDEI R

DSC-KTP-COM-0012

© 2023 Toshiba Energy Systems & Solutions Corporation 22

QOEBMEH R DEH TR K DEERT—4 (V. M. Bodenstein & M. Katayama:1906)

4

QHEBRHRDLEIZEET BAbelDEER (1946)

@ PerryD L/ > KTy 4 (water vapor pressure on sulfuric acid solution:1950)

iy
@HBEARICET 2MuellerDEERH— T (1959)

GCOBRBEIKARDEHEHKDEERT—4 ().1.Gmitro & TVermuelen:1964)
OB E A DEERT (E.S.Lisle &J.D.Sensenbaugh:1965)

A ¢
@OHBBEAICET 3T LandDFE & B O BEE (1977)

@ PerryD /N> KT w4 (8t edition by R.H.Parry:2008)

(9)ENRTL-SR model for Sulfuric Acid-Water-Sulfuric Trioxide System (Aspen stuff:2011)

10)”Aspen_Plus_H2504_Model“ example file (2017)

Mueller& & “ASPEN”[Z 3LV R T v H 2SR

[ CRENEBROEHIL. THENEUIBRE L TRALT
VWSEENBYET.

© 2023 Toshiba Energy Systems & Solutions Corporation 22



Muellerh—JIXHETTE 5

DSC-KTP-COM-0012

2018F MDIAPWSEER T, KEOKXZ* T4 v T4 T—43
ZEHO>TEHETFHEL= = BERDAEZMuellerD (238 A

KESTEDK &
BBARSED
(AbelDR) %

& T mEBER
EDHEFEHTHE
=TI J)LTIGK

DSC-GMZ-COM-0025 revl
Equilibrium calculation by Abel function and water vapor press. on sulfuric acid
water to improve Otsuka equation
) Water vapor press. and Temp. on . ;
Ref: CRIEPI, Technical Report . . N
piiors 19&1)F Sulfuric acid solution Regression of Abel function
e e s | ™ versmeons-romeauts sieon | 5
Consertr 114 % € [mrg LA dagge anee
N 1156 101 06 seen AV ST T Y T,
d 224 200 L (paom)
0o 108 187 108 - -=Q1%
[ 1) 108 159 m oo 030 s
oo M7 37 ne - o
" 120 1"e "0
0 m 1m0 e TINIE UL T E SIS0 L
0 89 80 [0 MR o
50 74 o = o+ - - i ]
a0 o 57 a3 - - - -
Otsuka equation (Improved] !
10 e2and Abal functicn Yellow celis(Input)
160 - Blue cells(Target fraction p,)
A
%0 e Sulfuric acid in flue gas(p ) Water vapor press. in flue gas(p,.iatm)
D 1% . J_,»"//// Target fract Partial Pros (mmHg) 005 [ 01 I 015
P 10 e it (atrme 100) B logP Sulfric acid consentration n liguidd 5t 96)
2 e e 001 0076 -112 8620 8315
VAl « 0005 00838 -1.42 8490 81 80
110 e ---10% 0003 00228 -1 64 8395 8080
100 N 0.002 00152 -1 82 8320
% 0001 00076 212 81
H:50, In flue gas (v36) 0.0005 00038 242 8050
= 00002 000152 -282 7860
0.0001 o001 oo 00001 000076 =312 7725 75 20 73 80
Calculate the equilibrium conditions by goal seek
TOSHIBA © 2018 Toshiba Energy Systems & Solutions Corporation 11
Leading nmovation >

HE
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Muellerh—JIXHETTE 5

DSC-KTP-COM-0012

2018FEMIAPWSEEL T, REDRZ 74 v T4 VT T—4
ZEHOTEHETFTHEL= = BAERDAEZMuellerD (238

DSC-GMZ-COM-0025 revl
Equilibrium calculation by Abel function and water vapor press. on sulfuric acid
water to improve Otsuka eqguation
. Water vapor press. and Temp. on
Ref: CRIEPI, Technical Report . N N I I
s B00 mﬁc Sulfuric acid solution Regression of Abel function
Taik2 | Weter veper pruss. on mAsk asid sshetrvis) Bl - Y7706 1 019601 + 5 2646400 :f
Conzertr 114 % 26 |t w( aagE -
o 115 10 e AV LT I Y TR,
- 294 208 . 487000 . aorm)
22 : " o
0o 108 187 18 01
[ 1) 108 159 m - 030 Py
oo AL} 37 ne o
" 120 1"e "0
0 m 10 e
0 8 80} 43 n(36)
50 4 ce =0 o <
40 o 57 a3 = - - -
Otsuka equation (Improved) .
120 | mecoved by Table2and Abal functicn Yelow celis(Input)
160 -+ Blue cells(Target fraction p,)
180 _‘;_/ Sulfuric acid in flue gas(p ) Water vapor press. in flue gas(p,,iatm)
D 140 e Targot fract Partial Pros (mmig) 005 | o1 [ ois
P 130 A A (aters 100) B ogP Sulfric acid consentration in liguid{ st %)
I el R 001 0076 112 8620 8315
L 120 e : « 0.005 0088 -1 42 84,90 81 80
110 (et 108 0008 00228 164 : 8080
100 . 0002 00152 -1 82 0
% 0001 00076 212
H,50, In flue gas (v6) 0.0006 00038 -242
% 00002 000152 -282
0.0001 o001 oo 00001 000076 =312 75 20 73 BC
Calculate the equilibrium conditions by goal seek
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Water Partial Pressure, bar, over Aqueous Sulfuric Acid Solutions Sulfuric Acid Partial Pressure, bar, over Aqueous Sulfuric Acid
1.40E+0! 4.50E-01
4.00E-01
1.20E+02
3.50E-01
1.00E+02
3.00E-01
s
5
2
8.00E+01 2.50E-01
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2
3 2.00E-01
& 6.00E+01
=
£ 150601
&
2.00E401
100E-01
2.00E+01 5.00E-02
. 00E+0
08 200 400 60.0 80.0 100.0 120.0
0 50 100 150 200 250 300 350 400
o -5.00E-02
Temperature (°C
—oc 106 —20C ——30C ——40C ——50C ——60C ——70C 80C
30%wt 40%wt 50%wt 60%wt 70%wt 90'C ——100'C ——110C 120C 130°C ——140°C 150'C 160°C 170C
85.0 p— T 9a%u 96%ut ——180'C ——190'C ——200'C —— 210°C —— 220°'C —— 230°C ——240°C —— 250°C —— 260°C
98.5%wt 99%wt 99.55wt 100%wt 270C 280'C ==——280"C =——300'C =——310'C =—320'C =—330'C =———340'C ——350C

Hi 88.: “Perry’s Chemical Engineer’s Handbook, 8t edition”

, R. H. Perry, 2008
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Water Partial Pressure, bar, over Aqueous Sulfuric Acid Solutions Sulfuric Acid Partial Pressure, bar, over Aqueous Sulfuric Acid
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Hi B8 : “Perry’s Chemical Engineer’s Handbook, 8t" edition” , R. H. Perry, 2008
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Sulfuricacid dewpoints
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New estimation of sulfuric acid dewpoints and others @10%H20
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New estimation of sulfuric acid dewpoints and others

DSC-KTP-COM-0012

@10%H20

160

140

Sulfuricacid dewpoints

0.000001 0.00001 0.0001 0.001 0.01 100

SO3 contents (ppmv)

—e—New (this time)

200
o
Table 1 B0l o Rylandsu Jeknson gy -014mm o=
. 54 —— q,',:L’ﬂS,.'ZﬂI_LZWSMn ‘,4’
The figures shown are ppm H2S04 volume DT B s atm B3’
°C of 1] 2 3] 4 s e 7] 8 o N T Eyevee  adgin W AT
100] 0.08] 0.09] 0.11] 0.13] 0.15] 0.17] 0.20] 0.23] 0.27] 031 , 7| oo pepasubee il ekt o |G 7R
110] 0.36] 0.42] 0.49] 0.57] 0.66] 0.76] 0.88] 1.02| 1.17] 1.35 ™ t 1 (53 4n /j, 7
120 16| 18] 21| 24| 27| 3.14] 36| 41| 47| 54 | =
130] 6.1 70 8ol 9.1] 103 11.7] 134 152 17.2] 195 & S =t AR L/ ot
140 221 25| 28] 32| 36| 41| 46| 53| 59| 67 @ o L] | AV 94
150] 75| 84| 95[ 107 120{ 135 150] 170[ 190] 210 o i ALY
160] 235] 265] 295] 330] 370] 410] 460 510] 570] 630 . [ IRRIREd
Table 2 N ;7; ot [ o 40'{"; aot a1 7 % 0
able ol
Vi HOZO 5 6 1 8 9 10 1 12 13 14 15 Increase At, due to sﬁi%ﬁigchcid Vapor, above the
At (°C) -8 —6] —45] -3] -15 0 14 25 35 4 5 Vapor Dew Point, Comparison with Available Measurements

H B8 Journal of the Institute of Fuel, T. LAND
(Land Pyrometers Ltd.) ,1977

HiB8.: “Contribution to the question of the effect of sulfuric avid
on the dew point temperature of flue gases” , P. Mueller, Feb. 1957
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New estimation of sulfuric acid dewpoints and others @10%H20
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Figure 3
v HQZO 5 8 1 8 L 10 11 12 13 14 15 Increase At, due to Sui%uric Acid vapor, above the
At (°C) -8 —6] 45 3] -15 0 1 2.5 35 4 5 Vapor Dew Point, Comparison with Available Measurements

H #: Journal of the Institute of Fuel, T. LAND

HiB8.: “Contribution to the question of the effect of sulfuric avid
(Land Pyrometers Ltd.) ,1977

on the dew point temperature of flue gases” , P. Mueller, Feb. 1957
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