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Abstract—Reaction of oxalic acid crystals with borax solution was experimentally investigated in a 1.5 L batch reactor
at different operating conditions. The reaction was fast and took place very near to the surface of solid reactant. The
dissolution process was found to be bulk diffusion controlled. A surface reaction model considering particle shrinkage
was proposed for description of the process. Predicted fractional conversion of oxalic acid crystals were in good agree-
ment with experimental values at different operating conditions. Conversion of oxalic acid crystals was significantly
affected by the initial mean size of the solid reactant, while the temperature had the smallest effect. The activation
energy of the dissolution process was determined as 12.89 RJThelproposed process can be used as an alternative
way for boric acid production.
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Boric acid has a surprising variety of applications in both indus- 1]

trial and consumer products [Gerhartz, 1985]. It serves as a sour

of boron in many fused products, including textiles, fiber glass, op- : [ ']
tical and sealing glasses, heat resistant borosilicate glass, ceran | . T

]
glazes and porcelain enamels. It is added directly to the water coc i -1-
ant of closed cycle pressurized water power nuclear reactors for co '

e &3

i 340 oD pH

trol of power level or neutron flux.

In the industrial two stage process of boric acid production from — e
sodium borates, borax (}a0, 10H0) particles are reacted with :h::ndml |
sulphuric acid and the product boric acid is then recovered fron Pp— rlr_
the solution phase by cooling crystallization [McKetta, 1999]. The
low solubility of dissolved boric acid at high acid concentrations Fig- 1. Experimental apparatus for the stirred batch reactor.
reduces the dissolution rate of borate particles and hence the pro-
duction rate may decrease. a 1.5L jacketed baffled cylindrical reactor (11 cm i.d., height 16 cm)

In this work, production of boric acid through reaction of solid maintained at constant temperature (Fig. 1). Four vertical stainless
oxalic acid with borax solution is proposed. The reaction can besteel baffles with a width of about 1/10th of the tank diameter were
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presented by the equation: mounted against the vessel wall &t iBervals around the vessel.
NaB.O, 10HO (ag)+(COOH)(s) The off-bottom clearance was set at 2.5 cm according to Shimizu
— (COONa) (ag)+4 HBO, (ag)+5 HO 1) et al. [1995]. A six blade stainless steel disk turbine impeller was
3

) . o used to ensure that all particles were completely suspended. The
In this case due to the moderate solubility of boric acid in thesirrer was rotated by a variable speed stirrer motor (RZR-200, Hei-
mother liquor, the solid reactant dissolves easily in the alkaline solugoiph) and the impeller speed was set at the required values using

tion of borax such that the phenomenon of mineral blinding in the, digjtal tachometer (Heidolph) attached to the motor. Both pH and
conventional process does not occur. Effects of process variablggmperature were traced by a chart recorder.

namely, stirrer speed, temperature, reactant concentration and meany, 4 typical experiment the required amount of water was first
size of oxalic acid crystals on the fractional conversion of solid reacsjiered and then charged into the reactor. Borax crystals were added
tant are experimentally investigated and the mathematical modelng the contents were stirred to dissolve the crystals and a clear so-
ling of the process is presented. lution of known composition was obtained. A known amount of
monosize oxalic acid crystals, sieved in the size range of 320-1,200
pum, was quickly added to the solution at the start of an experi-
) ) ) _ ~ ment. The addition point was carefully fixed to be midway between
Effect of different process variables were investigated by usingne shaft of stirrer and the vessel wall throughout the series of ex-
To whom correspondence should be addressed. periments by using a plastic funnel. Sampling was achieved by pi-
E-mail: zarenezhad@yahoo.com petting about 5 ml of the contents from the reactor at different time
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Table 1. Ranges of run conditions for the reaction of borax solu- Sh=2+0.61R¥’Sc” 3)
tion with oxalic acid crystals

where Sh=|_,/D,

Cao N,/M N Lo T _y 43 35N /) 13
Run Re=L." (N,p,N°D’/V)*“Iv
(mol/kg water) (mol/kg water) (Hz)  (um) (K) N?ZG a‘or dpisk turbine)
R1-R6 0.04-0.14 0.04-0.14 7 320 293 Sc=v/D,
R7-R12 0.05 0.05 8-18 1,024 293

Neglecting the first term of Eq. (3) at prevailing turbulent mix-
ing condition leads to the following semi empirical correlation:

kdszL;O'ZNO'SB (4)

R13-R18 0.07 0.07 11 320-1,200 293
R19-R24 0.11 0.11 10 320 293-313

intervals and filtering it through a Q.dn pore size filter paper.  where k is a temperature dependent term.
The samples of solids and filtrates were weighed and finally an- According to Eqg. (1), the variation of borax (B) concentration
alysed to determine changes in the overall compositions of the solidlith solid oxalic acid conversion, X, can be written as:
and solution phases during the process. The fractional conversion
of the solid reactant, described as X=(the weight of reacted oxalic c;=cs,
acid crystals)/(the weight of original oxalic acid crystals), versus
time was measured. A dual pH titrimetric method was used to deyhere M is the mass of free water.
termine the composition of borax and boric acid in the solution phase During the dissolution process, the oxalic acid crystals shrink in

[Jeffery et al,, 1989]. A weighed quantity of the solution phase samsjze and thus the particle diameter at any time during the reaction
ple was diluted with 50 ml of distilled water. The solution was first can be obtained by the relation:

titrated with 0.05 M sulphuric acid for determination of borax con- ~ e
centration and then back-titrated with 1.0 M sodium hydroxide solu- La=Laf1-X) ©)

tion using proper amount of mannitol for evaluating the boric acidwhere L, is the initial mean diameter of oxalic acid crystals and
concentration. L, is the average diameter at solid reactant conversion, X.

The ranges of process variables used in twenty four series of ex- Combining Egs. (2), (4)-(6), the rate of solid oxalic acid conver-
periments are displayed Table 1. In run R1 a few drops of cresdlion can be derived as:

red (an indicator with a colour change interval of 0.2-1.8 in pH scale)

was also added to the borax solution to facilitate the visual obser- 9X 6p1chBo 1-X)?3 Ny X Lozose 7
iy G v @)

vation of the dissolution process. Ao

_Nsw o0
MCBDXD (5)

In order to determineKEQ. (7) is integrated using Eq. (6) and the

MODELLING OF THE PROCESS boundary condition X=0 at t=0 to give:

The preliminary experiment indicated that the reaction of borax psLi‘fZ dX
solution with oxalic acid crystals was fast and took place very near 6p,csN° (1 X)osggl Nso XD
to the oxalic acid crystal surface. Therefore it was assumed that the Mcs
diffusion through the liquid film surrounding the solid surface was L . . .
rate controllingg while tﬂe reaction occurrecgi] at surface of shrinking':Or st0|_ch|ometr|c amoun_ts of reac_tan.t§,:éll\ncso), this equation
solid oxalic acid. The model proposed by Levenspiel [1998] for €N be integrated analytically to give:
this type of mechanism is applied and extended to obtain a correla-
tion for predicting the fractional conversion of oxalic acid crystals
in terms of all influencing process variables.

In order to obtain the relation between conversion and time, thé\ssuming the following Arrhenius type correlation [Mullin, 1993]:
rate of disappearance of solid oxalic acid (4),rRust be equated o]
with the rate of consumption of borax (B). By taking the stoichi- kr :knexp%‘ RTO (10)
ometry into account, we get:

=kqt ®)

058
(1-X) 50 -1 =3 5N | ¢ ©)

1.22
s=Ao

the following correlation can be derived:
1 dN; _NgdX _

Ao dt Andt PiPKo @ m[ pla®  (1=X)°*-1

3.540,C Nt } ~inke, RT
where Nis the number of moles of solid reactant (oxalic acig), A 4P1Cen
is the external surface of spherical oxalic acid crysigisthe den-  The values of k and E can thus be obtained by plotting the left
sity of free watel} is the stoichiometric ratio of the reactants (=1), hand side of Eq. (11) against 1/T at different operating conditions.
G is the borax concentration in the solution phase gsdhe solid-
liquid mass transfer coefficient. RESULTS AND DISCUSSION

For the range covered experimentally in the present study (0.5<

Re,<600 and 700<Sc<1,200), the correlation proposed by Asai Fig. 2. shows the pH variation of the solution during the reac-
et al. [1986] is used for determination of the solid-liquid mass transtion in run R1. The pH changed from 9.2 to 5 in about 20 s. Since
fer coefficient. This correlation can be written as: the colour of cresol red indicator changes from yellow to red at pH=

Ra=—

(11)
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Fig. 2. pH variation of the solution during the dissolution of oxalic

acid crystals in borax solution.
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Fig. 3. Comparison of the predicted result with the measured data

at different temperatures.
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Fig. 4. Comparison of the measured and predicted solid reactant
conversion.

1.22 (12)
sl=Ao

w059 _ 4 _ ,:PlCBoNO'SB 1550.
(1% -1=0 033 exp2 Y

Thus the fractional conversion, X of the solid reactant as a function
of time can be finally written as:

(13)

X=1- 0.58 1.695

[1+o.o335';'\'

1
C

1 BO]N22 e
psLAo

1550.
G i)
The relationship between calculated and measured solid conver-
sion for all runs at relative deviation of +3.1% is shown in Fig. 4.

The predicted conversions are in good agreement with the meas-
ured values.

CONCLUSIONS

Production of boric acid through the reaction of oxalic acid crys-
tals with borax solution was investigated. A diffusion controlled sur-
face reaction model considering particle shrinkage was used for de-
scription of the dissolution process. The measured fractional con-

1.8, no colour change was observed in this case. However, after adersions of the solid reactant were in good agreement with the pre-
dition of tiny particles of oxalic acid in excess of the stoichiometric dicted values. The time variation of oxalic acid conversion was much
proportion with respect to borax, an abrupt change of colour fronmore influenced by the initial mean size of the solid reactant. Effect
yellow to red was observed near to the solid surface during the dissf solution temperature on the solid conversion was not significant.
solution of the oxalic acid crystals. After complete dissolution of These results in addition to low value of dissolution activation en-
these crystals the solution pH dropped to 4 and the final colour oérgy (=12.89 kJ md) confirmed the assumption of a diffusion con-
the solution was still yellow. The rapid change of pH suggested thatolled process. The effect of different process variables namely,
the reaction is fast and the colour indicator confirmed that the readnitial mean size of oxalic acid crystals, initial borax concentration,
tion takes place very near to the oxalic acid crystal surface. Thus treirrer speed and temperature on the conversion of solid reactant
assumption a diffusion controlled dissolution process is appropriatewere well predicted by Eq. (13).

Predicted results are compared with the measured data in Fig. 3.

Linear regression analysis of 100 data points from 24 experimental

NOMENCLATURE

runs at different stirrer speed, initial concentration, oxalic acid crys-

tal size and temperature gave values foahkd E of (9.47+£0.51)

AEX

x10° Mm% s and 12.89+1.4 kJ midlin Eq. (11) respectively. ¢,
The individual standard errors represent 95% confidence limitsD,

Having the values of;kand E, Eq. (11) may be written inthe D
following form:

January, 2003

E

: external surface of oxalic acid crystals]m

: concentration of borax in the solution [mol (kg free waéter)
: diffusion coefficient of borax in the bulk solution %]

s impeller diameter [m]

: activation energy for volume diffusion [kJ (mid])
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k, :solid-liquid mass transfer coefficient [fis REFERENCES

k; :temperature dependent term in Eq. (4)fre®4]

ki, :constantused in Eq. (10) {fhs®*] Asai, S., Konishi, Y. and Sasaki, Y., “Mass Transfer Between Fine Par-

L, :mean size of oxalic acid crystals [m] ticles and Liquids in an Agitated Vess#lbrid Congress Il of

M  :mass of free water [kg] Chem. Engll, 428 (1986).

N  :stirrer speed [Hz] Gerhartz, W., “Ullmann’s Encyclopedia of Industrial Chemistcf,

N, :number of moles of oxalic acid crystals [mol] Germany (1985).

R  :gas constant (=8.314) [J midK™] Jeffery, G. H., Bassett, J., Mendham, J. and Denney, R. C., “Vogel's Text-

R, :rate of disappearance of solid oxalic acid [mdist] book of Quantitative Chemical Analysis; Fifth Edition, Longman

T  :temperature [K] Group, UK Limited (1989).

t :time [s] Levenspiel, O., “Chemical Reaction Engineering; 3rd ed., Wiley, New

V  :solution volume [rf York, USA (1998).

X :fractional conversion of oxalic acid crystals, dimensionless McKetta, J.J., “Encyclopedia of Chemical Processing and Design;
Marcel Dekker, USA (1999).

Greek Letters Mullin, J. W.,, “Crystallization; Betterworth-Heinemann, London (1993).

p :density of free water at a given temperature [K§ m Shimizu, K., Nagasawa, H. and Takahasi, K., “Effect of Off Bottom

ps  :molar volume of solid oxalic acid [mol Clearance on Mixing Condition in a Batch Vessklpf Crystal

B :stoichiometric ratio of the reactants (=1), dimensionless  Growth 154 113 (1995).

v :kinematic viscosity [rfs ]
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