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Introduccion y fundamento tedérico:

Reaction # Equilibria pK, (25°C)
2 H.0 = HY+0H" 13.999
3 H,0, « Ht + HO; 1165
4 OH — Ht+0- 113
5 HO; & HY + 05 457
& He B + ey, 9.77
. _ Rate Constant (25°C)
e (s unless specified otherwise)
7 HY+oH = H.O 14 x 10"
g H,0—=H"+0H krx Ky _,
[H:0]
0 H,0, = HY+HO; kygx Kzt
10 HY+ HOZ = H.0, 5.0 x 10
11 H.0. + 0H™ — HOZ + H.0 1.3 x 10
12 HOZ + H.0 - H.0, + OH™ kyyx K;
K3 x [Hy0]
13 €ag + H:0 = H+ OH 19x 10t
14 H+OH = egp+ Hy0 22x107
15 H-—ep +H* kg xKgo™t
16 e tHY = H 2.3 x 10
17 OH+0H =0 +H,0 1.3 x 10
13 0~ +H,0 = 0H+0H kyrx Ky
K, x [H.0]
18 OH =0 +H' kapx Kot
20 0~ +H* = OH 1.0 x 10
71 HO,—= 05 +HY koot K g~
22 0; +HY = HD, 5.0 x 10
23 HO,+0H - 0: + H.0 5.0 x 10
24 07 +H,0 = HO, +0H kasx K
K. x[H,0]
25 8aq +OH = OH™ 20x 1010
26 8aq + Hy0;, = OH + OH~ 1.1 x 10
27 8aq + 03 + H;0 = HO; + OH™ 1310
[H:0] °
28 8aq + HOy — HO 2.0 x 10
29 €ag + 0, = 07 1.9 x 10'°
30 85, Teg, +2H,0 - H, + 20H" 5.5 x 107 I
[#,0]2
31 Sag +H+H,0 = Hy + OH” 2.5 x 10
—_—— Mt
[H20]
32 e, +HO, - 0~ +0H- 35 x 10%
33 8o+ 07+ H;0 = OH + OH~ 22x10"™
[H.01
34 €g 07 +H;0 = 0; +0H +0H™ lex10" .
[H:0]
35 €, +0; 3037 3.6 x 1047
36 H+ H.0 = H. + 0H 1.1 x 10t
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Introduccion y fundamento tedérico:

Productos primarios debidos a la radiacion:

Hgo — €y . H.. OH. Hg. HgOg. H30+. HOE.

Energia perdida por el electron y su dose rate:
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Introduccion y fundamento tedérico:
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Introduccion y fundamento tedérico:
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Simplificaciones del problema:

Global: Concentration (mol/L) o
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Definiciones globales, parametros:

L

Marme | Expression Value Description
phi I[S*I].-"I[pi*a"i] 1.02E-11 mz-ﬂ:"szz Dn:nser.ate depending on following values [ Name | Expression Value Description
;5 ?E—E{;Tcm 2/(gll ?ET;E-M m /s Eét.jrpr::g POWEr REHnN 0[rmolfm~3] 0 molfm® initial concentration micromolar/sec

- RHp Te-4[malfm ™3] 1E-4 molim®
a Te-4{crn] 1E-6 m Bearn radius ROHR le-A[mol/m*3] 1E-4 molfm?
F F_const 46435 CITDI Farau::!a}r constant RH202 | O[mol/m"3] 0 molfm?
rho 0.997[g/cm ™3] 897 kg/m Density of water RHOZn  O[mol/m 3] 0 molfm?
RH O[molfm#3] 0 molfm®
ROH Olmolfm#3] 0 mol/m®

" - ROn 0[rmolfm~3] 0 mol/m®

Mame | Expression Yalue Description RHOZ2 O[molim*3] 0 mol/m®
GEHR 2.701033709730087eT[ulM/s) 27010 mol/(m*s) | generation due to Gvalues RO2n O[mol/m*3] 0 molfm®
GH20 -(GOHN+2*GH202+ GOH+2*GHOZ) | -44213 mol/{m®s) RO2 O[melim"3] 0 mal/m®
GH2 1.323272959003653eb[ UM/ =] 1323.3 mol/(m®.s) RH2 O[molim~3] 0 molfm®
GHOZ2 6.227167054134840e5[ub/=] 622,72 mol/(m*.s) RO3n O[moli/m"3] 0 mol/m®
GOH 2.825577050813684e T ub/s] 28256 mol/(m*s) RO3 O[rmol/m*3] 0 mal/m?®
GH 7.783958817668550e6[ulM/ s 7784 mol/(m®s) RHO3 O[melim"3] 0 mal/m®
GH202 3.658400644304218e6[ ubA/ 5] 3658.5 mol/(m’s) RH20 (1000000/18.01528) [rmel/m~3] | 55508 mol/m®
GOHR 7.384760876785121eB[ulM/ =] 73948 mol/(rm®.5)
GHp 3.4405097597408499e 7 ub/ =] 34405 mel/(m®s)
FE . .

Mame | Expression Value Description
K1 10413995 (mol/L)*2] 1.0023E-8 mel*/m® equilibrium rate constants (1,/Ms) or (1/M"25)
K2 10°-11.65[(mol/L]] 2.2387E-9 mol/m®
kK3 104-11.9[(mal/L]] 1.2589E-9 mol/m®
K4 104-4.57[(mal/L)] 0.,026915 mol/m®

K3 109,77 [(rmal/L)] 1.6982E-7 mol/m®



Interfaz fisica:

& EE

4

4 & TFM.mph (root)
4 () Global Definitions

F|

Pi
Pi
Pi
Pi
Pi
Pi
Pi

Parameters

initial cencentration mol/m*3

Rate constants (1/Ms) or (1/M425) 2 a
Equilibrium rate constants (1/Ms) or |
Generation due to G-values
Generation due to G-values Schneide
Gvalues at 300 KeV (Hill &5mith)
Materials

= Component 1 {compT)

Definitions

4 JU Reaction Engineering (re)

4

R A A~ A~ A

%L Initial Values 1

/_:; Additional Source due to Gvalues
)}@ Additional Source due to G-value
o Species

Reversive reactions

Irreversible reactions

EHn reactions

H reactions

OH reactions

HO2 reactions

O2n reactions

2| On reactions
 Equation View

Settings
Reaction Engineering
Label: Reaction Engineering

Mame re

Equation
* Reactor
Reactor type:
Batch, constant volume
Mass balance

Reactor volume:

v, 1lm*3]
T Energy Balance

Exclude

Temperature:

T 293.15[K]

¥ Mixture Properties

Thermeodynamics
Phase:
Liquid

Calculate Transport Properties

HasrsAan

Label: 2:H202<=>Hp+HO2n

» Reaction Formula

Formula:
H202<=>Hp+HO2n
Reaction type:

Reversible

R'=EVU’1

J
+ Reaction Rate

User defined
Reaction rate:
r; rekf_1*re.c_Hp*re. mol/(m*s)
Volumetric overall reaction order
Forward:
2

Reverse:
1

v Rate Constants

[ ] Specify equilibrium constant
[ ] Use Arrhenius expressions
Forward rate constant:

kKl

Reverse rate constant:

k" 0

&fz Balance

Apply

Rezet to Default

m'/(s-mel)

1/s

v Reaction Formula sfs Balance

Formula:
OH+OHn=>0n+H20 Apply
Reaction type:

Irreversible -
R, = Z V;r;
/

v Reaction Rate

User defined -

Reaction rate:

r; rekf_23"re.c_OH"r Reset to Default

mel/(m®.s)
Velumetric overall reaction order
Forward:

2

¥ Rate Constants

[ ] Use Arrhenius expressions
Forward rate constant:

K kn m*/(s-mol)



Interfaz fisica:

4 . Reaction Engineering ,¢ 4 5 EHn reactions
g ]ET* Lzl e = | 4 4= Hreactions AL 12: EHn+0OH=>0Hn 4 % OH reactions

x;R 28 H+ On=>CHn

AL 2T H+HO2n=>0H+0OHn
AL 28: H+03n=»0Hn+02
AL 2% H+H==H2

AL 30 H+ OH=>H20

AL 31 H+H202=> OH+H20
AL 32 H+02=>HO2

L 33 H+HO2=>H202

AL 10: HO2<=>Hp+02n L 34 H+02n=>H02n

A 11: HO2+OHn<=>02n+H20 JL 35 H+03=>HO3

JU Ak H+H20<=>H2+0H

4 7 Reversive reactions
AL 1: Hp+OHn<=>H20
AL, 22H202<=>Hp+HO2n
AL, Tt H202+OHn<=>HO2n+H20
AL 5 EHn+H20<=>H+0OHn
AL & He<=>Hp+EHn
AL 8 He=>Hp+EHn
AL 9 OH<=>0n+Hp

AL 13 EHn+H202=>0H+0Hn
AL 14: EHn+02n=>H0O2n+0OHn
AL 1% EHn+HO2=>H02n

AL 16 EHn+02=>02n

f

[+ AL 36 OH+0OH=»>H202
[

[

[

b AL 17 EHn+EHn=>H2+20Hn
[

P

P

P

[+

AL 3T OH+HO2=>H20+02

AL 38: OH+02n=>0Hn+02

AL 41: OH+H202=>H02+H20
AL 42: OH+On=>HO2n

AL 43: OH+HO2n=>H02+0OHn
AL 4d: OH+03n=>03+0Hn

A%, 45 OH+03n=>02n+02n+Hp
I 46 OH+03=5>HO2+02

AL 18: EHn+H=>H2+OHn

1% EHn+HO2n=>0n+0Hn

20 EHn+On=>0Hn+OHn

s EHn+03n=> 02+ 0Hn+OHn
22: EHn+03=>03n

R = S
L A A~ A A~

v v v
B = = B
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4 77! On reactions 4 ° HOZ reactions - _
b &L 60: On+On=>HO2n+0Hn b AL 47: HO2+02n=>H02n+02 4 2 Irreversible reactions 4 &=} OZn reactions
b A 61:On+02=>03n b AL 42 HO2+HO2=>H202+ 02 b A 23 OH+OHn=>0n+H20 b & 54 02n+02n=>H202+02+20Hn
b AL 62: On+H2=>H+0Hn b AL 49: HO2+On=>02+0Hn b A 24; On=>OH+0OHn b & 55 02n+0n=>02+20Hn
b A 63 On+H202=>02n+H20 b AL 50: HOZ+H202= > OHs 02+ H20 b A 67: 03n=>02+0n b & % O2n+H202=>0H+02+OHn
b A, 64: On+HO2n=>02n+0Hn b A, 51: HO2+HO2n=>0H+02+0Hn b A 68 O3n+Hp=>02+0H b & 57: 02n+HOZn=>0n+ 02+ Ohin
b A, 65 On+03n=>02n+02n b Z 52: HO2+03n=>02+02+OHn b 2L 69 HO3=>02+0H b & 58 02n+03n=>02+02+20Hn
b AL 66: On+03=>02n+02 b AL 53 HO2+03=»HO3+02 b & 58 02n+03=>03n+02



Interfaz fisica:

Model Bui

- +
4 L Reaction Engineering (re)

F
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-

Et

1

-

9 Initial Values 1

S Equation View

/:; Additional Source due to Gvalues

¥ Species Type
Bulk species

* General Parameters

Charge:
z |0

¥ Reaction Rate

R = Zﬁ.i,- + Radd,i

Lzer defined

Rate expression:

R  2rer_1+2%rer_7-2%rer_5+2%rex_11-2%res 40+ 2%re,r_ 23+ 2 rear_30+2%rer_31+ 2%rer_37+2%rer_ 41+ 2%rer_50+2%rer_63+GH20+GH205

III

Species:

H20

SF Equation View

- Species:
- Species:
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- Species:
- Species:
- Species:
- Species:
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H202
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H
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On
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Label: Species: H20
Equation

v Species Name

H20

¥ Species Type
Solvent

¥ General Parameters

Charge:
z 0

¥ Reaction Rate
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Estudio y resolvedor:

Settings K

Time Dependent
= Compute (¥ Update Solution

Label: Time Dependent I

Study Settings

Tirne unit: 5 =
Output times:  10*{range(log10(1.0e-3),1/1000,log100100))} 5 Ll
Taolerance: Physics controlled -

Results While Solving
Physics and Variables Selection

Modify model configuration for study step

() Global Definitions
4 = Component 1 (compl)

= Definitions
4 JFE, Reaction Engineering (re)
%5 Initial Values 1
* Additional Source due te Gvalues Schneider

.);0 Additional Source due to G-values
Species

Reversive reactions
Irreversible reactions
EHn reactions

H reactions

OH reactions

HO2 reactions

02n reactions

A

| On reactions

Model Builder v

+—

+ = =t El
= Compeonent 1 {comp 1)
4 ~dn G-Walues
2 Parametric Sweep
W Step 1: Time Dependent
4 [Tr. Selver Configurations
4 ¥ Solution 1 (sol1)
%;f Compile Equations: Time Dep
[+ uxw Dependent Variables 1
4 [U* Time-Dependent Solver 1
[%% Direct
g Advanced
== Fully Coupled 1
4 re} Parametric Solutions 1 (sol2)
1 phi=1E-11 {503
[l phi=1E-9 (scld)
[l phi=1E-5 (sal5)
[l phi=0.01 (sol&)
-EJ lob Configurations
4 [® Results
I ZE Datasets
=2 Views

1

>

=

2% Derived Values

HH Tables
[had Agua como soluto G-values
Agua come disolvente

|

Lo

LA

ettin

)
[

My

_"'f.'l_"'f._ Crlvar

5t Compute to Selected = Compute

Label: Time-Dependent Solver 1

¥ General

Defined by study step: Step 1: Time Dependent =
Time unit: 5

Output times: 104{range(log10(1.0e-9),1/1000,l0g10(1007)} =

Tirmes to store: Steps taken by solver
Store every Nth step: 1

Relative tolerance: 1E-5

Absolute Tolerance
¥ Time Stepping
Method: BDF

Steps taken by solver Intermediate

Interpolate solution at end time

Initial step: 1e-9

Maximurn step constraint: Autormatic =
Maximurm BOF order: 5 -
Minimum BDF order: 2 -



Resultados:
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Resultados:

Concentracion de todas las especies (mol/L) re.c_H202
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Time (s)



Resultados:
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Resultados:
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Conclusiones:

Reacciones casi instantaneas = Reactor tipo Bach.

Aumentar el haz de electrones irradiado disminuye el tiempo al que
se alcanza el estado estacionario y mayor velocidad cinética.

Interesante ver cuales de las reacciones es mas lenta y por tanto
suprimible, asimismo cual es tan rapida que podemos tratar como
una concentracion inicial.
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