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Spectrophotometric Catalytic Determination
of Micre-amount Chromium in Steel Based on Oxidation
of Bromopyrogallol Red by Hydrogen Peroxide
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Abstract: Chromium ( VI) was detemined based on its catalytic effect on the decolorization reaction of Brome- Pyrogallol
Red with hydrogen peroxide in weakly acidic solutions. The optimum condition for ndicator reaction and interference effect
of various ions have also been studied. The apparent activation energy of catalytic and nor catalytic reactions were calculated
by Arrhenius equation. The calibration curve is linear n the range of 0. 1 to 0. 6 Hg Cr(VI) /25 mL. The detection limit
reached down to 9. 1x 107 '
the seel.

0g/mL. The method was successfully applied to the determination of micro amount Chromium in
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The catalytic kinetic method (CKM)!" is one of the most attractive procedures for achieving trace determina-
tions of chromium. Many indicator reactions for CKM have been reported to determine trace copper, iron, silver
etc., but there have been few methods sensitive enough for detemination of Cr (VI) (=41,

In this paper a new-sensitive catalytic method of analysis of Cr ( VI) is reported based on the oxidation of Bro-
me- Pyrogallol Red ( BPR) with hydrogen peroxide. The procedure was applied to the determination of trace chromi-

um in steel with satisfactory results.

1 Experimental

1.1 Apparatus

A thermostatic water bah made in China with a contact cnductive thermometer, a relay and a stirrer were
used. The temperature stability should be controlled within F0. 2K. A spectrophotometer made in China with a 2
an absorption cell and several 25 mL colorimetric tubes were also used.
1.2 Reagents

Deionized distilled water, all chemicals used were of A. R. grade and without further purification.

BPR, 2. 0% 10™ “mol/L, 20% ethanol solution.

Urotropine, 20% solution.

Aqueous hydrogen peroxide solution, 30% .

Standard solution of chromium:

(a) Stock solution. (1L= 1mg of Cr(VI)): weigh out 0.2827 g of K2Crn07, dissolve K2Cr207 in deionized
distilled water and transfer the mixture nto 100 mlL. volumetric flask and dilute to graduation with the same water.

Received date: 2003— 03— 10.
Biography: Shu Heqing, bom in 1957, Engineer at college of chemistry and Chemical Engineering of Jiangsu University. Research instered is spee-
trophotometric catalytic determination of metal ions.

_8 J—



Shu Heqing, et al : Spectrophotometric Catalytic Determination of Micre- amount Chromium i Steel Ba ... ...

(b) Working solution (1 L= 1mg of Cr(VI)): dilute stock standard solution 1 to 1000( 1+ 999) with deion-
ized distilled water.
1.3 Procedure

Into both 25 mL colorimetric tubes with a glass stopper, add 0.7 mL of BPR, 1.5 mL urotropine, 0. 6 mL
H>05, in that order. Into the first tube add appropriate amount of Cr(VI), the absorbance of which is A. Into the
second tube add no Cr (VI), the absorbance of which is Ag. The both were diluted to 25 ml, with deionized dis-
tilled water. Mix thoroughly. Place the both into 373.2 K boiling bath, thermostat each tube exactly for 2 min. Af
ter the tubes were removed from the bath, ol each in flowing water for 5 min in order to stop the reaction. Lastly
a portion of both solutions was transferred into 2 cm path length cell to measure the absorbance at 560 nm. The ab-
sorbance of every solution should be quickly read out at the sane time. AA = A¢g— A was calculated.

2 Results and discussion

2.1 Absorption spectra of the reaction solutions

From successive visible absorption spectra of the noncatalytic and catalytic reaction solution containing 0. 3 Hg
of Cr (VI), it is clear that at 560nm A = Ao— A is the maximum. The working wavelength was therefore chosen
to be 560 nm.
2.2 The kinetic condition for determining Cr (' VI)

The optimal amounts of the reagents were deter Table1 Factors and Levels in orthogonal Experiment

) ) 4 X
mined by the orthogonal expenment[ "at 373. 2K and 2 vl factors
evel
min of reaction time. Orthogonal table Le( 43) (Table 1 A:BPR/mL  B:urotropine/ mL  C: hydrogen peroxide/mL
. . . . 1 a5 0.5 0.4
and 2) was chosen in this work. The optimal action ) 06 Lo 0.6
conditions were determined by comparing the values 3 07 1.5 0.8
4 038 2.0 1.0

M (the difference of the absorbances between now

catalytic and catalytic reactions) . From the maximum Table 2 Results of The Orthogonal Experiment

factors

difference ( R), it was clear that urotropine had the

Z
°

strongest effect on the determmation and hydrogen per ] BP? A U"Olm]pme B Hz?f ¢ RBZ“"IZ OAA
oxide was weaker. 2 ) ] 1 0. 190
The results indicate that the optimal amounts of 3 3 1 3 0. 180
. N 4 4 1 2 0. 160
reagents are A3B3(C 2 Hence the working condition for 5 | 2 3 0. 186
detemining Cr (V1) in this work are as follows: 0.7 3 i 2 i g ﬁg
mL of BPR, 1.5 mL of urotropine, 0. 6mL of hydrogen g 4 ) ! .
peroxide. 9 1 3 1 0. 146
. . X . . 10 2 3 4 0. 380
The effect of heating time was investigated in the 1 3 3 2 0. 408
range of 0. 5~ 3. Omin. 12 4 3 3 0. 358
. . 13 1 4 2 0. 116
The results showed that heating for 2 min could " ) 4 3 0. 132
obtain large and stable value of AA. Therefore the 15 3 4 1 0. 080
. . . . 16 4 4 4 0. 26
heating time was fixed to be 2 min. ; 0,548 0.6 2 801
The effect of reaction temperature was also inves Il 0.930 L 132 0912
. . . it} 0.998 1.292 Q 856 I+ I+ HI= 3. 608
tigated in the range of 348.2~ 373.2K. A at 2min v 1132 0.55 L B6
R 0.584 0. 730 Q0 232

increased with temperature. AA at about 358.2 K was




( ) 3 2 (2003 )

larger than those at lower or higher temperature. In order to reduce the error caused by temperature control and for
the sake of easily controlling the temperature, the heating temperature was set at 373.2 K.
2.3 Order of the catalytic reaction

At above fixed conditions the absorbance A for catalytic reaction system [ addition of 0.3 Hg of Cr ( VI) | was
measured at various times (0.5~ 3.0 min). In the time range of 0.5~ 2. Smin, A is linear with ¢, from this it
was concluded that the catalytic reaction was quasi —zero order reaction.

2.4 Apparent activation energy of reactions

Absorbance A= o( at beginning of reactions, i. e. at t= 0) and A at t= 2 min for the catalytic [ added 0. 5 Hg
Cr (VI) ] and the noncatalytic reactions were measured at the range of 350. 2~ 373.2 K. lg(Ai=0— A ) ca and
lg(Ai= 0= A) noncar were calculated at all temperatures. When plotting lg(A ;= 0— A) cavs 1/ T, a straight line with
the slope (- 1 220) was obtained. When plotting lg( A;= 0— A) noncarvs 1/ T, while a straight line with the slope
(= 1650) was also obtained. According to Arrhenius equation, apparent activation energy of catalytic and non-
catalytic reactions was calculated. The values were 23.36 kJ/ mol and 31. 59 kJ/mol for catalytic and noncatalytic
react ions respectively.

2.5 Cadlibration curve and its empirical formula

From the calibration curve, it is obvious that the calibration curve is linear in the range 0. 1~ 0. 6 Hg/ 25 ml. of

Cr(VI). The empirical formula of calibration curve is as follows
Cr( VD) = 1. 260 A4 - 0. 029 67 Hg/ 25 mL (D
with linear coefficient r= 0.997. (n=5)

According to the method described by Hernandez F H and Escrich J M, it can easily be obtained that the de-
tection limit of the proposed method reachs down to 9. 1x 10 0 g/mL.

2.6 Interferences

The effects of diverse ion on the determination of 0. 3 Hg/ 25mL Cr(VI) are studied. The tolerance limit is de-
fined as the concentration of added ion causing less than 5% relative error. Most metal ions did not interfere with
the determination, even when they were present at 500~ 1000 times as much as the amount of chromium. Copper
or iron interfered with the determination. Because Cr (VI) is a positive ion, the interference of copper and iron
could be successfully eliminated by either ion exchange technique or precipitation separation. Chloride, sulfate, ni+
trate and phosphate showed no interference with the determination.

2.7 Precision and accuracy

Multiplicate determmations have been performed on different Cr (V1) standard concentrations and different
steel samples. The results showed that relative standard deviations varied between 0.95% and 3. 49% and the re-
coveries was 98% to 105%. Both can satisfy the requirement for routine analyses, and the precision and accuracy
of the proposed method are better than any other methods.

2.8 Application

The procedure established was applied to the ddemination of chromium in steel.

Precisely weighed steel samples (0. 10~ 0.13 g) were dissolved in 3 mL of aqua regia, drops of sulfuric acid
solution were added to get rid of nitrid acid and hydrochloric acid. The residue was then dissolved in small anount
of water. The pH of the test solution was adjusted to strong alkaline by KOH solution. Then 1 mL of H202 solution
(30%) was added into test solution to oxidize Cr (III) into Cr( VI). The test solution was filtered to remove the
precipitates of Fe(OH) 3, and MnO». The precipitates were washed for 3~ 4 times with hot deionized water, and the
filtrate was heated to remove excessive HO». Finally the resulting solution was diluted to 1000 mL.

— 10 —



Shu Heqing, et al : Spectrophotometric Catalytic Determination of Micre- amount Chromium i Steel Ba ... ...

The test solutions were diluted to an appropriate volume with deionized distilled water. The sane procedure was
followed as described above for the determinaion of Cr (VI) in the test solutions. The results of analyses are shown
in Table 3.

Table 3 Determination of Chromium in Steel

Cr in sample Cr in sample Relative Relative sandard
Sample Aliquot
No. Sample (standard value)  (determined value) error deviation/ %
taken/g /mlL
/ % ! % | % (n= 6
Chrome-
1 tungsten Q 1000 L0 L& 1. 81 1.74 349
—nikel steel
20Cr3MoWV
2 Q 1000 L0 258 2. 64 2.33 24
steel
4Cr5MoSiV
3 0 1250 L0 2.5 28
steel

3 Conclusions

This work has shown that the detection limit for chromium uld be as low as 9. 1% 10™ ' g/mL with no need
of any activator. Since the fixed time method could be employed for monitoring the reaction rate, only 2min are re-
quired for the absorbance measurement. The mehod has a higher sensivity compared to other catalytic kinetic
method reported previously. The BPR-H20; reaction is catalyzed by not only Cr( VI) but also Fe( III) or Cu(1I).
This means that the catalytic system is applicable to a new approach for determining Fe( IlI) or Cu( II) .
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