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Fig- 3 The schematic diagram of hydrogen diffusion

in the treble layer wall of hydrogenation reactor

[11],
’

D. J. Truax : )

Fick :
Ji= = Di(c1— co)/ L (6)
J2= = D2(c2— 1)/ L (7)



J3= = D3(c3— ¢2)/ L3 (8)
Ji= J2= J3= je/ nF (9)
n=1 )

’

jo=— FDi(ci— co) /L

co=io L1/ FD1+ ci (10)
io=— FD2c2— ¢1) /L
c1=lo Lo/ FD 2+ (11)
io=— FD3(¢3— ¢2) /L3
2= = L3/ FDs (12)
(10) (11) (12) =0 ),
€0, c¢l,c2 s (12) c2, (11) cl, (10
o io(A.em™ ), D(em’.s™ '), L
(cm) mol(H).em ™’
Lo UA.cm™? , A.em’
, 10°°
2= io- L3 100 FDs
=K2 iw- L3 (13)
1= i+ L2o 107 FD2+
= (Ki* L2+ K2 L3)ie (14)
0=iw Li- 100/ FDi+ ¢
= (Ko L1+ Ki+ Lo+ K2+ L3) - iw (15)
K2= 10°°/FDs
Ki= 10°°/FD>
Ko= 10" °/FD1
, Ki , (13) (14) (15

: Di(T ) = Doexp(— Qi/RT)

2.25CrIMo' " 'Da= 2.46% 107 exp( - 2150/ 7T) (16)
309" D= 4.70x 107 exp( — 6442/T ) (17)
347 Di= 5.97x 10"  exp( — 6633/T ) (18)
T= 273+ 1t (19)
(16) (17) (18) (13) (14) (15) :

o= jo- L3 107° FD3
= 4.213% 10" exp[2150/ (273 + )]+ i»- L3 (20)



ci= jw- L2 100 FD2+

= 2.205x 10 9exp[ 6442/ (273 + )]+ i»- L2+ c2 (21)
0= o L1+ 1077 FDi+ e
= 1. 736x 10 9exp[ 6633/(273+ t) |- i+ L1+ c1 (22)
4 7 )
0 x<L: ,
c(x)=co— (co— c1)- x /L1 (23)
LS x< L1+ [2 .
cx)=c- (= ¢ (x = L1) /L2 (24)
Li+ L<x< L+ L+ Ls
c(x)=c2— (2= ¢3)- (x — Li— L2) /Ls (25)
> L1 L2 C‘
, L2 Co

C1
Ca
| z
3 4E )L/{ﬁ\ ¢3 =0 ! -
=l Ll L1 +Lz L1+L2+LS

4
Fig.4 The schematic diagram of

concentration distribution

(20) (25

’

[1] NISHIM URA R. Corrosion Science, 1996,38: 611 621

[2] YAMAKAWA K. J Soc Mater Sci Jpn, 1976,25:1110

[3] ISHIZUKA K, CHIBA R. Tetsu-To-Hagane 1970, 56,93

[4] API Publication 941, 3rd Edn. APL. Washington D.C. (May 1983)

[5] DEVANATHANM AV STACHURSKI Z. Proceedings of the Royal Society, 1962, A270: 90
[6] DEVANATHANM AV, STACHURSKI Z. Journal of the Electrochemical Society, 1964:111
[71 MCBREEN J. NANIS L,BECK W. Journal of the Electrochemical Society, 1966, 11: 1218 1222
[ 8] CHAUDHARI B S. Corrosion Science, 1990, 30(12):1219 234

[9] BALARAM ACHADRAN V. Corrosion Science, 1991,32(2): 185 191

[10] YAMAKAWA, A New electrochemical hydrogen probe, ASTM, STP 908, 1986, 221 236
[ 111 Druax D J. Hydrocarbon Processing, 1978,57: 348 353



[ 12] . . , 1988, 50
[ 13] : 95111971. 0
[14] ANDOS.,YAM AKAWA K. 11th International Corrosion Congress, ASM, Florence,Italy, April,

1990, 4:4.241
[15] LOUTHAN M R Jr, DERRICK R G.Corrosion Science, 1975, 15: 565
[16] FLINT P S.USAEC Repot, KAPL, 1951: 659

Mathematical model of hydrogen diffusion in treble
layer structure wall of hydrogenation reactors

YU GangL2 ZHANG Xue—yuan1 DU Yuan—longl

(1. State Key Laboratory for Corrosion and Protection, Institute of Corrosion and Protection of Metals,
Chinese Academy of Sciences, Shenyang 110015, China; 2. Shenyang Polytechnic University, Shenyang
110023, China)

Abstract: Based on the principle of the electrochemical hydrogen permeation presented by Devanathan—

Stachurski , the mathematical model for calculating the hydrogen concentration distribution in the treble
layer wall of hydrogen reactor at the condition of steady diffusion of hydrogen was suggested by using the
electrochemical probe described in the Chinese Invention Patent: 95111971. 0 for determining hydrogen
permeation rate in metals. The process of hydrogen permeation was controlled by the hydrogen diffusion
step under the operation condition of the reactor- As long as the steady hydrogen permeation current den—
sity i was detected in the hydrogen probe at a given temperature, the interface hydrogen concentrations
on the key interfaces and hydrogen distribution at any given radial section in the single, double or treble
layer wall of hydrogenation reactor could be found by applying the presented equations through suitable pa—
rameters input of computer program. T he theoretical bases were provided for detecting or monitoring the

concentration of atomic hydrogen in the walls of hydrogenation reactors.
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