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APPENDIX A

CALCULATION OF AMOUNT OF WATER ADDED TO

SUPERCRITICAL WATER TREATMENT

Density — temperatu@sspressure &r at supercritical water condition

were tabulated in appendi®®® Amount of wa supercritical water reactor was
calculated from density of wéltep# e itigal \\_; ition by:

prr L% L°C “and pressure” P bar”

prit
)

irom sppentieny 0
FugIen e
QAR IR BIHAIIHEI R s

stainless s‘!eel tube reactor will vaporize and pressurize the pressure inside to “P bar”.

For example: experiment condition is 400°C and 250 bar. From appendix B, density of
water at this condition is 168.56 kg/m”, so amount of water needed to add to the reactor is

3.708 ml, the volume of the reactor is 22 ml.
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APPENDIX B

Isothermal properties of pure water at T = 400.00 °C

(NIST for pure water properties calculation programe: www.nist.gov)

Internal Therm.

3 3 Cv Cp Viscosity
Energyne ot I f : Cond. Phase
W 3 (J/mol*K)  (J/mol*K) | (uPa*s) E

Pressure Density © Volume

(bar) (kg/m3) (mdkg)

S (WimK) |

11839 010769 | vapor |

120315 26193 010885

vapor :

262190 0.11003 ;

vapor :

0.11125

209.00

0.11251 vapor |

210.50

12866 ° 0.11380 ; vapor |

0.11513

130.93

0.11650
00005 21500 548 1 0.0086596 |

40000 35 0.0085372

0.0084]158
100.00

400,00 :

0.12398 : vapor

400.00 ¢ 2 olodk1761

0.12398 supercritical :

0.008161

0.12398 :

012562

400,00 :

A00.00

-
098057
{83

L 0.0078233

supercritical
200,00

012731} supercritical -

400.00

1 il

A00.00 supercntical

400,00 S000T923 4S5 ASSN0E 96145 : 16231

q:s.fi()

230.00 13373 © 0.0074780 43.350

supercritical :

400,00

95920 1 3387y 163925 274960 013465 |

supercritical

23150

95.692  SHIS 169.6% - 013665

13579 0.0072613 A2

supercntical

20000 13791 00072813 45136

supercritical

110,08 © 0.007 1389 13026 ¢

400,00

014085 © supercnueal

0000 236001 11231 00070271 O 901 919910 3300 182,00 2TN6N D 004306 1 supercritical

23750 :

00,00

supercntical -

LS9 00069159 HLSO0 - TTSY 90Ts1E $5.00 ING.S6 27981 014335
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supercritical

400000 239005 14695 0.0068032 41683 AT613 0 94507 1 55583 191310 28005

20000 £ 0.0066949 H361 196.30

supercritical -

1 0.0063850

24330 30 0.0064756 4319

2

o

o

-

Py

& :
2

>

=

400.00 207070 285000 015542 supercritical

400000 24500 3707 1 0.0063665 . : 495 75 21289 supercritical

246501 159.80 ¢ 0.006257" 46.813 1 932 57,053 219.01

0.0061191

40000 5 24950 5545 0.0060408 supercritical *

400005 25100 56 ¢ 0.005932

29.289 : supercritical |

supercritical

20.863

30076

30.300

supercritical :

supercritical

Y = - :
206.07 © 00048526 08 X ! .902 4195 ¢ 634 0.21167 : supercritical
21078 1 0.00474H3 A72 355.81¢ 952%  0.21683 i supercritical

supercritical

33.033 ¢ supercritical

41071 33401 0.2 supercritical

40,858 42 9411 : 7. : g g 33874 ¢ i supercritical%

supercntical
supercritical
supercntical
 supercritieal |

0.0026870

284.00 1 0.0033901 39199 41336 559 ¢ SI635 0 370360 028285

supercritical

supercntical

40000 285300 28602 0.003.4963 39268 AL066F  SLM3 63008 SASME 37619 0.28897

A00.00 0 28T000 293620 0.003405° 39.03% 0,798 ¢ 0.29490 | supercritical |

A00.00 0 288500 301320 0.003318"

0.30076

83.326 : supercatical

829271 63.062

A0.27

A00.00 29000 309.07  0.0032335

0.30640 ©  supercrinical |
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400000 291505 31681 0.0031565 283600 400220 82539 62959 338610 0269 supercritical |

3208 10,944 supercntical :

29300 : 0.0030819 3RS0 39770 820620 62.803

332.00

0.0030121 supercritical

296001 33930 0.0029473

supercritical

400000 297500 396337 00028874 37560 39108 supercritical

400005 299.00 £ 0.0028322 373840 28909 ¢

40000 0 30200 supercriticai |

400000 30350F  3716s supercritical

40000 30500 37731

306.50

supercritical :

30800 38793

supercntical :

309.50
superentical

31250

supercritica

314.00

£ 0.0023671

323.00

0.36189 supercritical
400001 32450

supercritical

LS Y

400000 326000 3591 35.382 29T S16dS 03682

supercritical !

200.00

327

50

036623 supercnitical

329.00 supercnitical
400.00 : 230.50 supercritical

400.00 037032

supercntical :

400.00 ©

0.37163 supercritica

400.00 :

S3409 © 0.37293 ¢

40000 1 33650 0 45529 0.0021961 31911 36.273 23991 536751 0374191 supercnitical |

40000 33005 457720 00021847 3,886 362170 T6ST3 36148 a%3.5% 33931 0373 supercntical |

40000 33950

S 00021733 34.833 26,162

REREN 0.3766™ | supercnucal |

40000 341000 16238

S 0.0021627 34781 36.110 T6.296 ¢ 35.904 22809 hREAY

supercntical

00005 2500 16161 00021523 34731 360391 763120 55789 23458 S16710 037907 supercritical |
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22119 ¢ supervritical

40000 349000 46679 0.0021423 34,682 36.009

46891 1 0.0021326 35.961 21799

400,00

©0.0021232

40000 38500 47300 0.0021142 35.869 5996 0 5537 21206 SSST8 038364 1 supercritical |

40000 5 350000 47097 | 0.0021054

7S 209300 537920 038474 |

supercntical :

35150 76.89 © 0.0020969

supercritical

333.00

0.0020887 supercntical -

400.00 supercnitical

40000 35600 48242

supercnitical |

100.00 35750 % supercritical

359.00 1 4859

supercritical :

400,00 :

360.50 : supercnitical :

400000 36200

039300 | supercritical :

400001 365.00

36650 ¢ 49407

400,00

£ 0.002003 B0 ) 54.22 535 584191 039862 supercritical |

£ 0.0019997 0.39952 |

supercritical :

S8748 1 040040 supercritical
0.40127

040213

400,00 supercritical |

400.00 040299 ©  supercritical :

400.00 040383

supercrtical

0.40466 :

040548

supercritical |

400.00 supercritical |

400,00 040629 ©  supercritical
040709

400,00

supercritical

S 0.0019173 33,636 60.12:

supercritical

40000 38900 5 SILT6 0.001942° 3608 31970 60.267 0 040867 i supercntical

00005 390300 515981 0.001938] 33380 OIS 9396 53555 16363 60409 0409411 supercritcal -

A00.00 1 39200 L 0.0019336 33,334 31,920 60519 041021

supercntical

393300 SIS3T 0 0.001929] 33528 31893

“1308

60.687 041097 © supercntical

A00.00 0 395000 S19.50 0 00019248 33502 N2 42640 53430 160.51 60821 041172 supercntcal
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400000 39650

32070 :

0.0019205 33476 NS C533 © 609591 041246 0 supercritical |

398001 32084 0.0019163 61.093

400.00

400.00% 399. 52297 1 0.0019122

400.00 CO0019081 334000 347790 C4096 0 3.7 36.68 357 641464 supercritica

0000 402500 52518 ¢ 0.0019041 3376 ML Ta0s6 i s32 S5780 0 614861 041535 0 supercritical |

0000 5 404.00 :

© 00019002 333520 34735 | 53.202 C61615

supercntica

0.0018963

400000 407001 32840 1 0.0018925 ; .9’ 153.20 8 ¥ i supercritical

400001 40850 0 52945 | o 3. 1523 ©0ISI3 supercritical |

ISLST0 62015 041881 supercritical :

40()‘00; 411.5 531.: ; . 34630 & 5 5078 ¢ (A3T ¢ 119: supemriticalf

400005 41300 0 53252 ¢ 0.00% i A S 04201 |

400.00 042080 :

400.00

400.00 :

supercritical

400.00 supercntical

supercritical :

400.00 supercntical

supercritical

supercritical
supercntical
400.00 : supercritical

400.00 : 435.50 : % 32 ) A, 23 525 0. - 0.42946: supemrilic:\lé

400,00 : ; 3 R 3 o A% 3 043005 supercritical ©

40000 R . 01 90 X : L¢ 3 33 RS 0430621 supercntical |

10000 q;u(umi 519.06 : 32846 R 382 5 013120

supercntical :

40000 : C319.89 1 0.0018185 32.8 327 TR $52.493 13789 61465 0431 supercnitical

0000 3005 55072 00018158 32809 342585 33 $2.470 13736 615671 043233 supercritical |

A0 SSISEI 0000813 32791 32420 C3ON3 52408 36817 61665 043289 supercrtical |

H16.00 5 33236 0.0018104 32 227 c3083

136.33 61769 0 043345 ¢

HTS0 L 55206 0.0018078 32735 3212 T3 S2.05 13382 G169 04300 0 supercntical |
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400000 H9005 55396 0 0.0018052  32.73° 31971 72993 52384 3335 64968

supercnitical

00018026 32719 3182 65.067

100.00

40 0.0018000

21 0.0017975 32,684

100.00 : supercritical
40000 5 455000 55700

0.0017950 32667 M9 288D 52302 1334 supercritical ©

0.0017923

400.00 :

supercritical |

0.0017901

400.00 :

supercritical

2 0.0017877

13210 65644 0438291 supercritical

40000 461001 560.13 © 0.001785

13166 65738 043881  supercritical |

0.43933 :  supercritical
13081 65921 043981 supercritical :
13040 66.016

supercritical

66.107

supercritical

0.44186

12880 663781 044236

0.44286
supercntical
: 0.001762 supemridcal%

£ 0.0017606 supercritical |

supercnitical

A82.00 :

supereritical

o
117522
: n,m)‘sn

)

20017161

83500 570" supercritical |

485.00 ¢

supercritical
0.44812 supercritical -

0.44839 :

492.50

N.0017102

400,00

00017382 32.264

49400 ¢ RRI § B

supercritical

00000 9530 L 0.0017361 322500 23S00E T2083 0 51855 122217 677960 044996 0 supercritical |

400005 49700 C0.0017345 S181 12293 © 6782X 7 0415042 1 supercntical ;

400,00

00017326

SLSZS 12262 67909 045087

9830 ¢ superentical

100.00 : 300.00 SRF9: 1 D01 T30T 32.208 3767 RIRNE} 12232 ; 67990 - 0.15132 supereritical
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