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ABSTRACT

Based on research on production process of metanilic acid, a new idea of iron mud reducing nitrobenzene
compounds was proposed, the optimum conditions to reduce 3-nitrobenzene sulfonic acid with iron mud were
explored. In iron mud/Fe(ll) reduction system, the main factors affecting the reduction of 3-nitrobenzene sulfonic
acid are temperature, pH value, iron mud quantity, mass ratio between ferrous sulfate and the 3-nitrobenzene
sulfonic acid, etc. The yield of metanilic acid is over 92% with temperature at 60°C, pH value at 8.0, iron mud
guantity at 0.3g, and the mass ratio between ferrous sulfate and 3-nitrobenzene sulfonic acid at 1:1, which are the
optimal conditions obtained by orthogonal experiment.
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INTROUDUCTION

In many chemical production processes, iron rednotif the nitro aromatic compound to amino compauwere
widely used, but this process generated a largebaumf industrial waste - iron mud [1]. There aleoaserious
problems for sludge treatment of iron mud eitherstyckpiled or landfilled. In consideration of cemt situation,
chemists have made a lot of research for iron gudijzation, and have achieved many significasuits, such as
using iron mud as raw material to prepare ferralfate, iron oxide dyes, PFS and poly ferrotrensglétc. Jeon et
al [2] have proposed an IET's reaction model basethe interface between#and Fe oxide. Klausen et al found
that iron oxides combined with free state Fe(llip cpickly reducing nitro aromatic compounds, andhed this
reduction system as surface combined iron reductimtem [3,4]. For adsorption theory, surface ofiipxide
provides an adsorption Fe(ll) sites and reactiaegl adsorbed Fe (II) and hydroxyl in iron oxidefaee form inner
ligand [5-8], so that electron density in Fe(l)nter is increased [9-11], and reducing capacityhef system is
enhanced. Based on iron oxide/Fe(ll) bound to tivéase reduction mechanism, iron mud instead ob-xatent
iron was used to reduce nitrobenzene sulfonic adiih opened up new areas for iron mud application

EXPERIMENTAL SECTION
1.1 Reagents
FeSQ:7H,0, Fe, HSQO,, CH;OH, G HsNO,, HCI (all are analytical reagents).
Iron mud (Cangzhou City Jianxin Chemical Co., Ltd.)
1.2 Instrument
pH meter (PHSJ-3F), Shanghai Precision & Scientiifstrument Co., Ltd.
Agilent HPLC (1260 lines), Agilent Science and Tieclogy Ltd.

1.3 Procedure
Accurately weigh an amount of ferrous sulfate iatemall dried beaker, add a rust removal nail, gtart to stir
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using a magnetic heating stirrer (HJ-1), until d&xs sulfate was completely dissolved. Add a cedaiount of iron
mud into a clean four-necked round-bottomed flasik,by electric blender, place it to electric leshthermostatic
water bath to heat the temperature to the ratagevahd activation for half an hour, then add 10@hhitrobenzene
sulfonic acid solution, adjust pH to the specifiedue. Keep the pH constant, and react for 20mént@fuge after
reaction is finished. Filter the solution with vaon suction filtration, to 500mL flask and make e tvolume for
further HPLC testing.

RESULTSAND DISCUSSION

For iron mud reduction nitrobenzene acid reactisse the major effect reaction conditions-tempeeatpH, the
amount of iron mud, and mass ratio of ferrous seffétrobenzene sulfonic acid as study objectqeaetvely. Set
temperature at 4@, 50C, and 66C, iron mud taken 0.1g, 0.2g, 0.3g, pH at 7, 7t &, mass ratio of ferrous
sulfate/nitrobenzene sulfonic acid as 2:1, 1:1, & Select L(3%) orthogonal table to design experiment, factors
and levels as well as experimental results of §ipgmiograms are shown in Table 1 and Table 2.

Table 1 Tableof Levelsand Factors

Level TemperaturéC pH Iron Mud/g Mass ratio of ferrous sulfate and 3atignzenesulfonic acid

1 40 7 0.1 2:1
2 50 7.5 0.2 11
3 60 8 0.3 1:2

Table 2 Conditions and Results of Each Experiment

Experiment Temperaturél pH Ratio Amount yield

1 40 7.0 2:1 0.1 62.26
50 7.0 11 0.2 61.49

3 60 7.0 1:2 0.3 27.71

4 40 7.5 1:2 0.2 25.74

5 50 7.5 2:1 0.3 72.26

6 60 7.5 11 0.1 79.48

7 40 8.0 11 0.3 80.30

8 50 8.0 1:2 0.1 24.46

9 60 8.0 2:1 0.2 85.70

K1 56.10 50.49 7341 55.40

K2 52.74 59.16 73.76 57.64

K3 64.30 63.49 25.97 60.09

R 11.56 13.00 47.79 4.69

The yield of corresponding metanilic acid, was ghited by the corresponding peak area of targetymtcanalyzed
by HPLC, brought into metanilic acid standard cuteeobtain its concentration. Respectively dilutd0onL,
0.80mL, 1.20mL, 1.60mL, 2.00mL of metanilic acidrstiard solution (0.01mol/L) to corresponding coriceion
of 0.00016mol/L, 0.00032mol/L, 0.00048mol/L, 0.0@@tol/L, 0.0008mol/L, use above data to obtain métan
acid standard curve shown in Figure 1.
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Figure 1 The standard curve of m-Aminobenzenesulfonic acid
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The metanilic acid standard curve equation was:.A&8x16C-207.78, correlation coefficient r = 0.9975. Frma
data analysis in Table 2, the optimum conditionshef reaction temperature is°6) pH 8.0, the mass ratio of
ferrous sulfate/m-nitrobenzene sulfonic acid 1He aamount of iron mud is 0.3g. Under these conuitiche
average of yield of metanilic acid was maximizedieFparallel experiments were then carried out ursleh
optimal conditions to obtain the yield of metanidicid. Since yield under optimal conditions wasegated on the
basis of the results in the yield table, so wheasuee peak area of metanilic acid by HPLC, needtae standard
curve for twice. Respectively dilute 0.80mL, 1.20mML60mL, 2.00mL and 2.50mL of 0.01mol/L of metan#cid
to corresponding concentration of 0.00032mol/L0048mol/L, 0.00064mol/L, 0.0008mol/L, and 0.001rhpllhe
standard curve of metanilic acid made from the abdata was shown in Figure 2, standard curve exjuafi =
4.744x16C-839.41, the correlation coefficient r = 0.999%jat showed a good linear relationship.
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Figure 2 The standard curve of m-Aminobenzenesulfonic acid

Table 3 showed parallel experiment results fordy@ metanilic acid under optimum conditions, ihdze seen from
Table 3, all yields of metanilic acid reached mitv@n 92% and with good reproducibility.

Table 3 Parallel experiment resultsfor yield of metanilic acid under optimum conditions

Experiment 1 2 3 4 5 average
Yield of metanilicacid 93.65 92.79 93.71 92.69 733. 93.31

CONCLUSION

Based on studies on the optimum reaction conditiondgron mud reducing 3-Nitrobenzene Sulfonic Acidth
orthogonal method, it was concluded that, in tlaetien reducing 3-Nitrobenzene Sulfonic Acid byninmud, when
pH at 8.0, temperature at%f) mass ratio of ferrous sulfate/3-nitrobenzenépsid acid as 1:1, amount of iron mud
as 0.3g, the yield of metanilic acid can reach ntba@ 92%, and with good reproducibility.
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