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Reaction velocity of sodium hydration in humid air and sodium carbonation
in humid carbon dioxide atmosphere
—Fundamental study on sodium carbonate process
in FBR bulk sodium coolant disposal technology —

Yutaka TADOKORO™ Eiichi YOSHIDA*

Abstract

A sodium carbonate processing method, which changes sodium to sodium carbonate and/
or sodium bicarbonate by humid carbon dioxide , has been examined and about to be applied to
large test loops dismantling. However, that the basic data regarding the progress of the reaction is
insufficient on the other hand, is a present condition. The present report therefore aims at
presenting basic data regarding the reaction velocity of sodium hydration in humid air and
sodium carbonation in humid carbon dioxide atmosphere, and obzerving the reaction progress,
for the application to large test loops dismantling. The test result is summarized as follows.
DAlthough the reaction velocity of sodium varied with sodium specimen sizes and velocity
measurement methods, the reaction velocity of sodium hydration was in about 0.16~0.34mmh!
(0.016~0.033g cm2h1,6.8%x10*~1.4x10mol cmh!) and that of sodium carbonation was in about
0.16~0.27mmh(0.016~0.023g cm?h,6.8x10*~1.1x10*mol cm2h*)(26~31°C,RH 100%).

@The reaction velocity of sodium in carbon dioxide atmosphere was greatly affected by vapor
partial pressure (absolutely humidity). And the velocity was estimated in 0.08~0.12mmh1(0.008 ~
0.012g cm?h?,3.4x10*~5.2x10*mol cm?h!) in the carbon dioxide atmosphere, whose temperature
of 20°C and relative humidity of 80% are assumed real sodium carbonate process condition.

@By the X-ray diffraction method, NaOH was found in humid air reaction product. Na,CO,,
NaHCO, were found in carbon dioxide atmosphere reaction product. It was considered that Sodium
changes to NaOH, and subsequently to NaHCOj, through Na,CO,.

@For the application to large test loops dismantling, it is considered possible to change sodium
to a target amount of sodium carbonate (or sodium bicarbonate) by setting up gas supply quantity
and also processing time appropriately according to the surface area and quantity of sodium that

adhered to the inside of test loops.

*Structure Safety Engineering Group, Sodium and Safety Engineering Division, OEC, JNC.
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JNC TN9400 99 - 085

CO, 1 Na DR LU TiL, Na X, 9 H,0 1255 NaOH ~DE{LE&E T,
CO, ZXY Na,CO, IZZbL, HHBREDRREIR@%IZ NaHCO, IZ725b DEHEFEX
h3, $-EERKDEE%2 L5868 (100°CAMAKET,CO, HESCLED) T,
100°COIRER(E 5.22)0LHEFE T DL, Na,CO, REEITRDFRTHEMENRH D,
ULOREREEEZ, KREBORZEMAB~DEARBREROBERHIZONTE
82Nz 5, KEERIZBWTE, NEICMELEZ Na ORBEBIUEESNS
U, M AR EBIONEREZRAE 5L T, BRI ACEY, NaZ2REID
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{bT3LEZLBND,

@ KEEEBIZBWTL, 3L Na OFXRERBIUCERIZSCT, MFAHEERB X
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WELSRARIENTERLEZIOND, TOR, AERCEMBMLI-A7ARM 3mm @
PRI E CHRISOERBICRERFEEBIAON =220, PREICE N TS,
N ARG S ITABR IS TR E 2 bha,
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F41_ RABEH
No B B R AEYIR HEeIRB
BYLEKRBRICETS TR, AR
1 REEEORE 38342 BE(RH)97%,40%| 1320 3mm,5mm,8mm Bl E8
26~31°C n=3
BYCORIRICHITS | CO95volkLl L), AR
2 RIS EEORIE RH98% RH39% 133mm,5mm,.8mm i EB
26~31°C n=3
BYCO.BEKICHITS CO,, =E 2N B¥Ra.
3 | RIGERKROHEBER RH97%ELE ¢ 15mmx3mm' | FRENa %
27~30°C n=3
#42 BEHMIBIUVONMER
No i B RGN EE) # xR x W&(mm), ER()
3.1x3.1x29,0.026 | 3.2x3.4x2.9.0.030 | 3.6x2.9x2.7,0.025
1] BYLZKRBMEICHITS 97% 5.2x5.3x52,0.163 | 50x5.5x5.20.137 | 5.5x5.6x4.8,0.142
RIGEEOME 8.1x8.0x82,0479 | 8.0x8.0x8.0,0.464 | 8.3x8.3x7.8,0.530
40% 28x28x3.20026 | 3.0x3.1x3.1,0030 | 2.5x3.5x3.0,0.027
35x34x3.20028|25x2.8x27.0020] 2.8x2.6x2.3,0.020
21 BYCOBIKIZHEITS 98% 50x50x500.105 | 5.0x4.2x480.110 | 4.8x5.3x4.2,0.092
R EEONME 8.5x75x8.6,0.586 | 9.0x9.2x9.30.745 | 8.5x8.0x8.6,0.610
39% 3.3x3.8x3.7.,0.046 | 3.8x3.7x35,0.044 | 3.2x3.3x3.0,0.026




%51 Na®RIGEEERR

No| IREB IR () i) mmh "’ 19 R G A (mmh ) | (g cm *h)|(mol emh ")
RH97% 0.38, 0.34, 0.31(3mm#A) 0.34 0.033 1.4E-03
1RBYER 26°C 0.16, 0.17, 0.15(5mm%) 0.16 0.016 6.8E-04
RH40% 0.12, 0.12, 0.11(3mm%y) 0.12 0.012 5.1E-04
28°C
CO, 95%LL L RH98% | 0.17, 0.21, 0.35(3mm£) 0.24 0.023 1.0E-03
2 | ilBYCO, 27°C 0.16, 0.17, 0.13(5mm#£a) 0.16 0.016 6.8E-04
C0,95%LL .k, RH39% | 0.12, 0.11, 0.11(3mm#) 0.11 0.011 4.6E-04
25°C
%£52 NalRHORGEEIKKEDE
1—1
1—-2 26 25.2 97 24.5
BYZEE] 1-8
2-1
2—-2 28 28.4 40 11.3
2—~3
1—1
1—-2 27 26.7 98 26.2
i#vyco,| 1-3
2-1
2—2 29 30.0 39 11.7
2—3

G80 — 66 00V6NL ONI
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#5.3 XEEFICKIREERDOREN

o] HE 5 T H_
1| BYER RHO7% A% 1:08mm NaOH
26°C HEREICHYHL
AAEK 188mm Na,CO,;NaHCO,
2 | 2YCO, | CO, 95%LL Lt RHI8% HEBRBICHIYHL
27°C MEHRA ¢ 15mmXx3mm' | R E:Na,CO; NaOH

HABRRICHYHL

R NaHCO,
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No| IRE min REH & S 5 BB (mmh ™) 14 /% 5 BB (mmh ™) | (g em “h D|(mol em™h )| £ RMXREHD |
RHO7% 0.38, 0.34, 0.31(3mm#) 0.34 0.033 1.4E~03 NaOH
1iBYEER 26°C AR¥{ EANR 0.16, 0.17, 0.15(5mm£R) 0.16 0.016 6.8E-04
RH40% 0.12, 0.12, 0.11(3mm#) 0.12 0012 5.1E-04 -
28°C
RE¥ BRNR 0.17, 0.21, 0.35(3mm%) 0.24 0.023 1.0E-03 Na,CO, NaHCO,
CO, 95%L:1 L RH98% 0.16, 0.17, 0.13(5mm£) 0.16 0.016 6.8E-04
2|i@Yco, 21°C WM, +EME| 0.24~0.41,0.10~0.8, 0.14~0.47 0.27 (ZREW) 0.026 1.1E-03 | 5*ME:Na,CO,; NaOH
(HRH OEEE) 0.20(t>100min®MAIE{H) 0.019 8.4E-04 2 E:NaHCO,
ERTLEANK| 012, 011, 0.11(3mmA) 0.11 0.011 46E-04 -

CO, 95%LL L, RH38%
29°C
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L -1 &8 2 6 A (i 48 d {& L HxteE |t - &S 2 2 i 18 d {i 58 B 8 %t 34 B
1 30.390 0.094 2.9388 181 30
2 33.570 0.129 2.6674 234 40
3 33.1740 0.106 2.6543 186 32
4 36.250 0.106 2.4761 203 34
5 38.080 0.271 2.3612 604 100
6 47.940 0.141 1.8960 313 52
7 49.030 0.082 1.8564 197 34
8 54.240 0.094 1.6897 201 34
9 63.650 0.176 1.4607 179 30
10 79.490 0.376 1.2047 397 66
11 88.070 0.094 1.1082 160 28
12 92.030 0.224 1.0705 167 28
13 149. 280 0.082 0.7988 180 30
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G80 — 66 O00P6N.L ONf



JNC TN9400 99 — 085

= 2 F - ) X

"N 4 © Nall-2 #il 5= B : 02-Jul-99 15:54
2740 : 99-02G. 0047 il 5 & : IJNC - X8t - %G
ArH : tadokoro
AE ;. RE
I9F257 YRE B &S / HOWE
b fSEMH L 2 3 4 5 6 T & 91011 12 13
®&= ®% (%3 |30 39 31 34100 52 33 34 30 66 27 28 30

1 35-1009 175| . . 100 &4 = . & 2 3

1999-Jul-2 16:51:44 Page-1

516 RIGERPOXBEHRER(BYER/E@)

- 24 —




JNC TN9400 99 — 085

el Sallby 55~ i ==
$272° V4 . Nall-2 fE B T 02-Jul-99 15:54
7740 : 99-02G. 0047 Bl & & : IJNC - K¥e - 8&Gr
Irvb : tadokoro
AE . ]
800 T T L] T T T T
600 _
a
=
a
o
A
d
]
20.000 20.000 60. 000 B0.000 100.000 120. 000 140. 000
tT-057 -5
| |
l :lz - LI 3 LI 3 ]
-V )
[O— 35-1009 Na ( O H) Sodium Hydroxide ¥

1999-Jul-2 16:51:38

E516  RISERMOXGEFHE(BYRS, RE) ‘

- 95 —




JNC TN9400 99 — 085

$57° V% : Nall-2 HlE 8 : 02-Jul-99 15:54
T4l : 99-02G. 0047 s & : IJNC - k¥ - BLGrT
EP P2 : tadokoro
1% 31 1]

uuo T T T T T T

sool

]

o
=
p=]
o
S
f
il
n

20.000 40.000

60.000 BD. 000 100.000 120.000 140.000

35—10090 Na (0O H) ¥
Sodium Hydrjoxide
1 | , 14

T

E)
O: BYLHE
A TR )
X : mULHIE

1999-Jul-2 16:51:42

E5.16 RISEFRMOXREIRER (BYER./ &)

_26._

Page-1




He 5F — 5

427" W & 4-1 X #8 : Cu K-ALPHKA1 / 40 kV / 300 mA ho vy PSPC (Aess)
Ty i 11-01G. 0051 1" z4x-4 RINT2000 38WMDG
Itsh tadokoro TH9FAsb WU Bl R )L Y —
il € 8 09-Jul-99 12:11 T4h3 KB74I)% = HFEE- M FT
il & IJNC k¥ - #BEGTr Ayy7 sbE/))0: $v7° Uy EEMI: 2100.00 %
b UMZEFRL ERE S AF97" 8 0.010 °
) A—% 30 = I W 26
& 3 % & 10. 000 ~ 158.000 °
e 30.000 °
B & A 0.000 °
it REEKRY
2000
T T T T T T
15000 -
™~
c
2 1000 .
o
=
% o -
&
#
5000 ~
0 | " L L — i I
20.000 40.000 60,000 80.000
26 [°)
ﬁmgﬁt%(])xﬁ@;ﬁ-ﬁg(ﬁucoz/ﬁﬁ) 1999-Jul-9 16:14:32 Page-|

(5.17

G80 — 66 OOV6N.L ONf



= — 2z g — =
07" W & ;4= [ #iL ] EHRIAERE 9
7740 : 11-01G. 0051 [ N owhh 5900 B2z ]
340 : tadokoro [Ka 2k ] MEELE(K a2/K al) : 0.500
e s : 09-Jul-99 12:11 {e—2o4H—7F ] -8B L & LK : 0.15 - PRBEL & Ol : 90.000
= w IJNC - XKte - 8% Gr
% BEAEKRD
2000 | . ' : | . . —
1500
=
g ool
&
= i
#
5001
0 | L | ! Il 1 L

20,000

40.000

26 [°]

60.000

§0.000

@517 REERPOXREHRER(BYCO,/ RE)

1999-Jul-9 16:14:34

Page-1|

G80 — 66 00V6N.L ON(



= — 7 g — T
$,7° 0B 4-1 T4k : 11-01G. 0051 aisb . tadokoro
MEB : 09-Jul-99 12:11 Al & F : IJNC - k¥e - #8&€GTr
2E ;. BEAEKRY

- ES 2 6 e (i /B d i 8 B HxmE |t -VES 2 6 e (i 18 d & [ 3 A8 X 58 B
1 29.080 0.094 3.0682 684 36
2 29.330 0.082 3.0426 658 34
3 30.270 0.082 2.9502 1328 68
4 30.490 0.200 2.9294 1899 98
5 30.640 0.094 2.9154 1966 100
6 30.790 0.106 2.9016 1424 74
i 31.120 0.094 2.87156 644 34
8 34.480 0.082 2.5990 1451 74
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11 34.920 0.082 2.56738 912 48
12 44.620 0.106 2.0291 494 26
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17 45. 950 0.141 1.9734 449 24
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26 48.120 0.176 1.8894 503 26
27 61.070 0.094 1.5161 431 22
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