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Abstract — The objective of this study is to propose a mathematical model for a pervaporation process for concentrat-
ing hydrogen peroxide. The process was developed by NASA, which consists of a shell and membrane tubes, where a
liquid hydrogen peroxide solution flows in the shell, and a sweep gas flows in the tubes countercurrent to each other.
The liquid retentate is concentrated as more water molecules permeate and evaporate through the membrane than hydro-
gen peroxide. For this process, a mathematical model has been developed in the form of a system of nonlinear partial
differential algebraic equations based on a sorption—diffusion mechanism for permeation, an Arrhenius relationship for
the temperature dependency of the permeate flux, and mass and momentum balances for the liquid concentrations and
flows in the membrane module. The dynamic behavior of the concentration of hydrogen peroxide in the retentate side
has been simulated by solving a simplified version of the proposed model, and the result is compared with the experi-
mental data reported in the NASA patent.
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Fig. 1. Schematic diagram of PV using (a) vacuum pump, and (b) sweep gas.
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Fig. 2. Schematic representation of concentration and pressure pro-
files through the membrane.
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Fig. 3. A path for the retentate flow in the tubular membrane module.
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Fig. 4. Cross section of the boundaries of the system.
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Fig. 5. Flowchart of numerical solution of the proposed model equa-
tions.

Table 1. Data for simulation

Parameter Value Source
Feed mole fraction of H,0, 0.6156 [4]
Density of H,0,, kg/m’ 1447 [14]
Density of H,0, kg/m? 998.4 [14]
Density of feed solution, kg/m’ 1302 Calculated
Feed concentration of H,0,, kmol/m? 28.77  Calculated
Feed concentration of H,0, kmol/m? 17.96  Calculated
Initial concentration of H,0, kmol/m® 5542  Calculated
Feed temperature, °C 19 [4]
Permeation coefficient of H,0,, mol/(s-m>bar) 0.07 Estimated
Permeation coefficient of H,0, mol/(s-m>-bar) 0.04 Estimated
Membrane area, m? 55.74 [4]
Membrane tube radius, m 0.002 Chosen
Length of tube, m 1 Chosen
Number of tubes 4436 Calculated
Tube bundle radius, m 0.14 Chosen
Shell radius, m 0.14 Chosen
Feed flow rate, mol/s 0.063 Chosen
Binary diffusivity, m%/s 137x107°  [15]
Dynamic viscosity, Pa‘s 1.24x1073 [1]
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Fig. 6. Comparison between simulation and experimental results.
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Fig. 7. Predicted performance of the pervaporation process.

Korean Chem. Eng. Res., Vol. 49, No. 5, October, 2011



564 T
.42 E
el A TRk TR e S s

BARE 5 9= 5ot e AsIgla, WegElel) 7)xd wat
A31E NASAS] 2@ F19) vk, o]F Fal NASA T4
Apg vo] 2Rl vt FIAGE 42 5 glglen, o)t g
oA B AR AR 92 0% Y.

NASA 53]of| oJapd f50] 1 gal/hd W H,0, 85 vol%2] 5
= 7] g8f 23k Nafion®2] H14-2600 f*o|tH4]. NASAOM

PR R
AHE3E Nafion®2 ﬁﬂgﬂol.l_ polysulfone 7}A0] A& gt Holc},

Nafion®2}] 7122 $1,400/m]| 11[16], ©] = Q& BHAYsh= & ¥
n]g W&ol Nafion®H Ut} A8 vExt polysulfone TF LI

Z& ARkt

dlof] oA 2g Eqlskar
oo g2 BAMste] ALt Aolu} wat
NASA°|A] /\Fg-f‘} sweep gastal 55 o] 83t FHTHFHS A
T& o)k, AljlE 2l FastEs AAskd

SJe] sptsh-4eo] 5tk o el el Ssio) e vl

=
= A EE

S&ofel 71efek 5= gloejet Azttt
IN=YAK=

C  : molar concentration[kmol/m’]

D diffusivity[m%s]

Epy : activation energy[kJ/mol]

F, :feed molar flow rate[mol/s]

Fp : permeate molar flow rate[mol/s]

Fp :retentate molar flow rate[mol/s]

1 : unit tensor

J : permeate flux[mol/(s'm?)]

k  : dilatational viscosity[Pa-s]

M : molecular weight[kg/kmol]

n  :number of tubes in the shell

p  : pressure[Pa]

py : saturated vapor pressure of pure H,O,[mmHg]

pp : permeate pressure[bar]

py : saturated vapor pressure of water[mmHg]

Q : permeation coefficient[mol/(s'm>-bar)]

Q,r : permeation coefficient at a reference temperature[mol/(s-m>-bar)]

R : universal gas constant[kJ/(mol-K)]

r : radius[m]

R, :radius of shell[m]

R, :radius of tube[m]

S :selectivity

T  : absolute temperature[K]

t : time|[s]

Ty : feed temperature[K]

T, : reference temperature[K]

u : velocity[m/s]

Y :yield

y  : permeate mole fraction

z : length of tube[m]
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J2[o|A 2K}

: activity coefficient

: angle[rad]

: dynamic viscosity[Pa-s]
: mass density[kg/m’]

: molar density[kmol/m?]

0] }EH"*X}

: water or hidrogen peroxide
: hydrogen peroxide

. water

: feed
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