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Role of Water Chemistry on Balling 

Abstract: Green ball qualities are adversely affected by increased concentrations of 
Ca++ and Mg++ in process waters because of the replacement of Na+ in bentonite by the 
divalent cations through cation exchange reaction. Preliminary laboratory tests indicated 
that displacement of interstitial plant water in filter cakes with RO. water restored ball 
quality. A few preliminary pilot plant tests were performed to study the effect of 
removing ca++ and Mg++ ions from filter cakes during filtration by spray washing with 
softened water, and its effect on balling characteristics. 

INTRODUCTION 

Binder properties of bentonite, being a layered clay mineral, are strongly affected by the 
cationic exchange reaction with di-valent cations in process waters according to 

Bentonite shows maximum binder properties when the exchangeable cation is about 2/3 
Na+ and 1/3 Ca++ plus Mg++. The replacement of Na+ with Ca++ and Mg++ lowers the 
effectiveness as a binder, and the binder properties will be lost when all Na+ is replaced 
with the di-valent cations. In fact, Ca bentonite is known to have no binder properties. 

In some taconite plants, particularly those producing fluxed pellets, ca++ and Mg++ 
concentrations in process waters have been increasing over the years. Deterioration in 
ball qualities appears to be related to an increase in di-valent cations in process waters. 
To restore the ball quality, a substantial increase in bentonite binder (20 to 25 lbs) is 
required. Alternatively, an addition of about 2 lb/It of Na2C03 is necessary to reverse the 
above cation exchange reaction. However, the effect of this level of Na in pellets 
becomes of concern on blast furnace refractories (Progress Report No. 1 (2000)). 
Preliminary laboratory tests indicated that displacement of interstitial plant water in filter 
cakes with RO. water using the equivalent of one to two volumes of% moisture was 
required to restore the ball quality. 

Spray washing with clean water appears to offer a simple and cost effective solution to 
the detrimental effect of di-valent cations in balling. In hydrometallurgy, drum filters are 
used, so wash water can be sprayed on ·filter cakes to recover the leached values (Cu, 
Au, etc.) in interstitial water. In the taconite industry, however, disc filters are used. Filter 
cakes on disc filters may become unstable when wash water is applied. 

A few pilot plant tests were performed to investigate the effectiveness of several 
different types of spray nozzles, such as mist spray and full cone spray nozzles, and 
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their arrangements. Standardized laboratory balling tests were performed on processed 
filter cakes to confirm the benefits of spray washing. 

EXPERIMENTAL 

Materials 

A flux-added pellet feed sample as well as a bentonite sample were received and used 
in balling tests. Four water samples used in the tests, namely, a plant water, Coleraine 
tap water, softened water and reverse osmosis (R.O.) water, are given in Table 1. 

Methods 

For laboratory filtration tests, taconite concentrate samples were equilibrated with the 
waters used in balling. A 3000-gram (dry basis) lot of a filter cake was slurried to 50% 
solids with either R.O. or softened water, agitated for 3 minutes and filtered. A 
laboratory pressure filter used in these tests is shown in Figure 1. This process of 
slurrying, agitation and filtration was repeated two more times prior to balling tests. 

Continuous filtration tests were performed using a pilot plant disc ·filter with a disc 
diameter of 48", consisting of 8 segments, and with rotational speeds ranging from 0.65 
to 0.4 rpm. The tank holds approximately 75 gallons of slurry. For the present test 
program, three 55-gallon drums of a flotation concentrate slurry were pulped to 
nominally 60% solids using a plant water in the drums; rotational speed was set at 40 
rpm and the vacuum at its maximum of 20" Hg. 

Batch balling tests were performed with an open 6-inch by 12-inch airplane tire. An 
equilibrated or a spray washed filter cake and a binder were mixed in a Simpson mixer
muller for about 2 minutes. About 1000 grams of material was used to produce seed 
pellets of -3+4 mesh; 125 grams of seed pellets were returned to the tire and the 
remainder of the mulled material was added at a rate that achieved a desired ball size 
by the end of 3 minutes. During balling, a water spray was used to control the ball 
growth. An additional one-minute re-roll period was given to finish the green balls. The 
green balls were then hand screened to -1/2+7/16 inch for physical testing and 
moisture determination. Wet compression strengths, 18-inch wet drop numbers, and dry 
compression strengths were determined using 10 balls for each test. 

RESULTS 

Preliminary batch spray washing tests 

In an attempt to explore if displacement of interstitial water in filter cakes with R.O. 
water could improve the ball quality and the amount of R.O. water needed to displace 
the interstitial water, a 3,500g (dry basis) sample of a flotation concentrate in plant water 
was filtered in a laboratory pressure filter, and the filter cake was sprayed with one 

2 



volume of RO. water equivalent to the interstitial water by assuming that filter cake 
moisture was 10% (by weight). In another test, a filter cake was sprayed with two 
volumes of RO. water. The filter cakes thus obtained were used in balling tests. 

To evaluate the effectiveness of spray washing, two additional balling tests were 
performed for comparison. In one test, a filter cake obtained by filtering a magnetic 
concentrate sample in plant water was used, and in another test, a flotation concentrate 
sample was washed thoroughly with RO. water and its filter cake was used. The test 
results are given in Table 2. 

From the table, it is apparent that replacing the interstitial water from plant water to RO. 
water clearly improved 18" drop number and dry strength. To restore ball quality, it is 
seen that displacement of interstitial plant water in filter cakes with RO. water using the 
equivalent of one to two volumes of% moisture would be required. 

Selection of spray nozzles 

To explore how much spray water may be applied to disc filters without destabilizing 
filter cakes, a few types of mist spray nozzles with full cone pattern and 80° spray angle 
were tested initially using tap water on filter cakes, deposited on a filter leaf and held in 
the vertical position. The spray nozzles were placed about 3-1/2" away from the cake 
surface and mist was delivered at 10 to 15 gph. The test setup is shown in Figure 2. 
With the vacuum on, mist was fully absorbed by the cake surface and there was no sign 
of instability of the cake. 

Full cone spray nozzles with 60° and 120° spray angles and delivery rates an order of 
magnitude greater than mist spray nozzles were also tested. At normal delivery rates of 
about 0.2 gpm, spray water was fully absorbed by the cake, but increasing the delivery 
rates by 2 to 3 times, the surface of the cake started to form a slurry and ran down the 
surface. Two types of nozzles were tested, namely, a nozzle with spray angles of 60° 
and 120° and a nominal delivery rate of 0.18 gpm at 20 psi (Type K11), and a nozzle 
with a spray angle of 120° and a nominal delivery rate of 0.36 gpm at 20 psi {Type K12). 

Pilot plant disc filter tests 

A frame of 1/2" pipes in two levels, 8" apart, was placed surrounding the filter disc, and 
3 spray nozzles were mounted on each pipe. In other words, there were 6 nozzles in 
one level with 3 nozzles on both sides, with a total of 12 nozzles. The nozzles were 
located 3-1/2" away from the filter surface. A shut-off valve between the two levels 
allowed either one level or two levels of nozzles to be used for spraying. The frame was 
connected to a pump with a maximum delivery rate of 10 gpm and its inlet hose was 
dipped into a 55-gallon drum containing softened water. The spray nozzle arrangement 
is shown in Figure 3. 
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the moisture. It is interesting to note that the presence of Ca++ and Mg++ ions in the 
slurry water was helpful in lowering the moisture content of filter cakes. 

In the case of Tests 1 and 2, a part of the wet feed was dried and mixed in to control the 
balling process. In Tests No. 7 and 8, the wet feed was partially dried before balling to 
control the moisture. In all the cases, 18" drop numbers as well as dry strengths are 
seen to be improved close to the levels of Test S. Unusually high 18" drop numbers of 
Tests No. 3 to 6 may be attributed to the high moisture content of the wet balls. 

It is evident that spray washing with softened water had a markedly beneficial effect on 
ball quality, but apparently vacuum filtration in a pilot plant filter with softened water led 
to excess moisture in filter cakes. Therefore, some measure must be taken to control 
the moisture content. Partial displacement of the interstitial plant water with softened 
water, or the use of water containing 50-100 ppm di-valent cations may be considered. 
In fact, according to experience at the CMRL, using Coleraine tap water gave no 
particular problem in balling. Alternatively, the use of heated softened water or an 
application of steam over filter cakes may provide a solution. 

CONCLUSIONS 

1. Cone spray nozzles with a spray angle of 120° delivered softened water 
uniformly over filter cakes, and spray washing had ball qualities approaching 
those with softened water. 

2. The use of softened water in excess of the amount required to displace interstitial 
water led to excess moisture in filter cakes, and considerable difficulty was 
experienced in balling. 

3. To control the moisture of filter cakes, the following may be considered: 
(1) displacement of interstitial plant water with less than the amount required for 
complete replacement with softened water; (2) or with water containing optimum 
levels of di-valent cations in the range of 50 to 100 ppm; (3) or the use of heated 
softened water; (4) or an application of steam over filter cakes. 

4. Pilot plant testing was difficult because three 55-gallon drum samples were 
needed for a 30-minute test with % solids decreasing during tests, which may 
account for the difficulties in controlling cake thickness to the plant condition of 
10 mm, and reproducing constant filtration rates (lb/min filter cake). It is 
recommended, therefore, to carry out further tests using a plant filter directly. 
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Table 1. Chemical compositions of various waters used in the test program 

Concentration, ppm 
Water 

ca++ Mg++ Na+ K+ so4= 

R.O. <0.01 <0.02 1 

Tap 66 27 55 

Softened tap 0.09 0.01 163 0.6 63 

Plant 112 200 109 47 762 

Table 2. Removal of cations from filter cake by spray washing 
in a laboratory pressure filter and its effect on balling 

Ball quality 
Filter cake 

water 18" Wet Dry % 
drop str., lb str., lb moisture 

R.O. 9.2 2.3 9.9 10.1 

Plant 4.4 2.1 8.9 9.3 

Sprayed with 
one vol. of R. 0. 6.7 2.4 9.7 9.7 

Sprayed with 
two vol. of R.O. 11.0 2.3 10.4 10.6 
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Table 3. Disc filter test conditions and results 

Nozzle Spray rate, ml/min Wet cake rate Cake 
Test thickness 
No. Type Spray Left Right Total %moist. kg/min %moist mm 

angle replaced* 

1 K12 60° 2170 2400 4570 2.5 19.2 10.7 22 

2 K12 60° 3780 4400 8180 4.6 " " " 

3 K11 120° 1460 1450 2910 0.9 29.4 10.8 20-17 

4 2440 2070 4510 1.5 " " " K11 120° 

5 K12 120° 2175 2290 4465 1.8 24.3 10.5 16.5 

6 3930 4155 8085 3.2 " " " K12 120° 

7 K11 120° --- --- 2910 1.5 20.2 --- 18.5 

8 4510 2.3 " " --- --- ---
K11 120° 

* Interstitial water replaced was expressed in terms of% moisture 
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Table 4. Balling test results on spray-washed wet filter cakes. 

Ball quality i 

Test 
No. 18" drop Wet str. Dry str. %moist. 

lb lb 

p(1} 7.9 2.5 10.8 9.5 

1 7.6 1.9 9.4 9.6<3> 

2 9.0 2.4 10.5 9.6<3> 

3 17.8 1.8 9.3 10.8 

4 16.1 2.9 12.4 10.3 

5 15.4 2.7 11.6 10.2 

6 18.6 2.6 13.5 10.6 

7 11.2 2.8 11.5 9.8<4> 

8 13.7 3.0 12.0 9.6<4> 

s<2> 12.3 2.9 12.9 9.7 

<1> Filter cake from plant water slurry. 
<2> Filter cake re-slurried with softened water and filtered. 
<
3

> Filter cake, dried in an oven, was mixed in during balling. 
<
4

> Filter cake, partially dried in an oven, before balling. 
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Figure 1. Laboratory pressure filter 
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Figure 2. Laboratory leaf filter setup 
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Figure 3. Pilot plant disc filter 
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