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Abstract:  An improved method was developed for the precipitation of metals, particularly iron and zinc, in wastewaters from the organic coating of steel. The modified method, which uses sodium hydroxide as precipitant instead of slaked lime, eliminates costly maintenance requirements caused by the precipitation of gypsum (calcium sulphate). The addition of iron (III) chloride in the range 70 to 435 mg/l enabled iron and zinc to be precipitated at pH values down to 8.5 and afforded lower residual metal concentrations in solution. Operation at pH 8.5 also reduced alkali consumption and avoided the need for acidification of the treated effluent prior to discharge. The method was developed and optimised by jar testing in the laboratory and evaluated by continuous flow studies in a 20 m3/h pilot plant prior to implementation at plant scale.
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Introduction

Unit processes involved in the production of organic coated steels give rise to a mixture of effluent streams that are combined for treatment. The main pollutants contained in the wastewater are metals, particularly zinc and iron, which are removed by precipitation as their hydroxides.
The existing treatment procedure at Tata Steel’s Shotton Works consisted in the acidification of the raw effluent with sulphuric acid to pH ~2 followed by neutralisation with slaked lime to pH 11.5 in order to precipitate metals as insoluble hydroxides. However, the use of the sulphuric acid/slaked lime combination produces gypsum (calcium sulphate), which precipitates on solid surfaces such as tanks, clarifier rakes, stirrers etc increasing plant downtime and maintenance costs. For example, refurbishment of a clarifier in 2014/15 required the removal of >200 tonnes of gypsum at a cost of ~£150,000. Consequently, an alternative treatment method was sought that would overcome deposition of gypsum.

There are essentially two options to prevent gypsum precipitation:

· Replacement of sulphuric acid with hydrochloric acid for acidification (resulting in the formation of soluble calcium chloride as the salt).

· Replacement of slaked lime with sodium hydroxide for neutralisation/precipitation (resulting in the formation of soluble sodium sulphate as the salt).

Use of sodium hydroxide was preferred by the plant on cost grounds since although sodium hydroxide is more expensive than lime, it is less expensive than hydrochloric acid. Moreover, sulphuric acid is less expensive than hydrochloric acid and is easier to store because hydrochloric acid requires rubber-lined storage tanks. 

Consequently, the main focus of the work described here has been the replacement of lime with sodium hydroxide.

Material and methods

Wastewater 
Raw effluent samples were collected from the effluent treatment plant at Tata Steel’s Shotton Works and consisted of mixed effluents from two organic coating lines, two galvanising lines and leachate from the works’ landfill site. The individual effluents are collected in a mixing tank after pre-treatment to remove oil prior to treatment in the works’ effluent treatment plant. The raw effluent mixture is subject to variability according to variations in flow rates for the individual effluent streams. Typical composition of the combined effluents is shown in Table 1.1 together with the consent conditions for the discharge of the treated effluent. 
Table 1.1 Typical raw effluent metal concentrations and consent conditions for treated effluent at Shotton Works

	Parameter
	Limit
	Typical raw effluent values

	Flow
	15,000 m3/d
	-

	pH
	5-9
	6-8

	Suspended solids
	100 mg/l
	-

	COD
	200 mg/l
	-

	Fe
	10 mg/l
	0.3-3 mg/l

	Cr
	0.3 mg/l
	<0.10 mg/l

	Hg
	10 µg/l
	<10 µg/l

	Ni
	0.6 mg/l
	<0.10 mg/l

	Zn
	0.8 mg/l
	2-10 mg/l


Experimental method

Development of the treatment method was performed by bench-scale jar testing. A 400-ml sample of raw effluent was added to a 500 ml squat beaker, a magnetic stirrer bar was added and the liquid was stirred continuously on a magnetic stirrer plate. The pH of the effluent sample was reduced to 2 ± 0.1 by addition of either 10% v/v sulphuric acid (BDH Aristar)  and the resulting solution was stirred for 5 minutes. Then 1 ml of iron (III) chloride solution (VWR Chemicals AnalaR NORMAPUR iron (III) chloride hexahydrate 133.325 g/l) was added, followed by stirring for a further 5 minutes. The resulting solution was subsequently adjusted to a target pH in the range pH 8 to 12 by addition of 20% m/v sodium hydroxide or 18% m/m Kalic (a proprietary aqueous suspension of lime). After attainment of the target pH mixing was continued for a further 5 minutes and then the floc was allowed to settle for 30 minutes. After the settling was completed, 2 x 50-ml portions of supernatant were decanted into Falcon tubes (Fisher Scientific) and a 50-ml sample of filtered supernatant (0.45 µm filter) was added to a third Falcon tube. In optimisation of iron chloride addition the addition of iron (III) chloride solution varied between 0.25 and 1.5 ml to vary the iron (III) chloride concentration in the test solution from 72 to 435 mg/l.
Analysis

All samples were refrigerated at 2 to 5°C prior to analysis. Deionised water(18 M) was obtained from A Milli-Q system (Millipore Corporation). Measurements of pH were made using a Mettler Toledo Seven Easy pH meter. Samples of raw and treated wastewater were analysed for a standard suite of 12 metals, viz.Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn As, Cd and Pb by inductively coupled mass spectrometry (ICP-MS) using an Agilent 7500 Series ICP-MS. Samples were analysed for both total and soluble metals content. In the analysis for total metal concentrations unfiltered sample was thoroughly mixed before removing an aliquot for analysis, while for soluble metals the sample was syringe filtered using a 0.45 µm nylon membrane filter (VWR International). In either instance a 27-ml portion of test sample was mixed with 3 ml of concentrated nitric acid (BDH Aristar grade), pre-digested for 2 hours at 90°C in a block heater (Stuart SBH200D/3, UK) and then submitted to microwave-assisted digestion using a MARS (CEM Corporation, USA) microwave digestion system. 
Results and conclusions
Precipitation curves
Direct replacement of slaked lime with sodium hydroxide in the existing method was unsuccessful because the optimum range for precipitation of zinc was much narrower than that for slaked lime (Figure 1.1) and the minimum residual zinc solubility was significantly higher with sodium hydroxide than lime.
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Figure 1.1 Precipitation curves for zinc with slaked lime and sodium hydroxide
Precipitation with sodium hydroxide was improved by adding iron (III) chloride to the raw effluent prior to neutralisation. This resulted in a much wider range for precipitation with sodium hydroxide and lower residual solubility (Figure 1.2) for zinc. It was also possible to precipitate zinc at pH values of < 9, so that post-treatment acidification was not required prior to discharge.
[image: image2.emf]0

0.5

1

1.5

2

2.5

3

3.5

4

8.189.089.239.249.59.55

10.2310.5711.0411.06

11.5

11.6411.9511.9812.4712.49

pH

Soluble

 zinc concentration, mg/l

Without Fe With Fe


Figure 1.2 Precipitation curve for zinc in the presence and absence of 100 mg/l iron (III)

Optimisation of iron (III) chloride addition







The effect of iron (III) chloride addition with respect to the residual concentration of iron and zinc in solution was studied in the range 70 to 435 mg/l iron (III) chloride. The results show that varying the iron (III) chloride in the cited range had little effect upon the solubility of either iron or zinc.
Table 1.3 Effect of iron (III) chloride addition on the residual concentration of iron and zinc in solution.
	Iron (III) chloride added, mg/l
	Residual zinc concentration, mg/l
	Residual iron concentration, mg/l

	70
	0.001
	0.01

	145
	0.005
	0.02

	220
	0.003
	0.02

	300
	0.002
	0.04

	435
	0.005
	0.02


Optimisation of pH
The effect of final pH for neutralisation was studied in the range 8.96 to 11.09 with a constant iron (III) chloride addition of 300 mg/l. The results shown in Table 1.4 indicate that precipitation of iron and zinc was effective over the complete pH range studied. Subsequently, it was shown that zinc and iron could be precipitated at pH values down to 8.5. This is advantageous because it means that post-treatment acidification is not necessary prior to discharge of the treated effluent. 
Table 1.4 Effect of neutralisation pH on the residual concentration of iron and zinc in solution.
	Final pH
	Residual zinc concentration, mg/l
	Residual iron concentration, mg/l

	8.96
	0.04
	0.20

	9.64
	0.03
	0.15

	9.97
	0.03
	0.07

	10.58
	0.02
	0.04

	11.09
	0.002
	0.04


Implementation of the modified treatment method
The modified treatment was evaluated in a pilot plant with a throughput of 20 m3/h and has now been fully implemented for routine treatment of the effluent from the plant. The main benefits of the new treatment method are:

· Elimination of gypsum formation/precipitation.

· Reduced maintenance requirement.

· Lower neutralisation pH – hence no final acidification required prior to discharge.

· Lower sludge mass/volume.

· No need for lime slaking.
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