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Abstract: Flotation indexes gradually decrease with the increase of cycle time of the backwater in bauxite floatation, and discharge
of backwater brings environmental risk. In this study, methods such as Fenton-oxidation, adsorption and coagulation were used in the
treatment of backwater, the flotation indexes were checked after backwater treatments, and Box-Behnken design (BBD) was used in
the optimization of the main operating parameters. The results reveal that flotation indexes are effectively improved after coagulation
treatment by polyaluminum ferric chloride (PAFC). The optimum parameters predicted by BBD are pH 7.55, 1.09 g/L PAFC dosage
and temperature of 25 °C. Under these optimum conditions, a maximum recovery of Al,O; of 82.83% and a minimum A/S of 1.30 of
tailings are gained, while the deviations are less than 3% from the predicted values. These findings encourage the application of BBD

for the optimization of critical parameters in backwater treatment.

Key words: backwater treatment; bauxite flotation; polyaluminum ferric chloride; Box-Behnken design

1 Introduction

Ore grade decreases because of the sharp and
increasing demand of bauxite [1]. More than 98% of the
bauxite ores in China are of the diasporic type, having
characteristics of complex mineral composition, low A/S
(mass ratio of AlLO; to SiO,) and difficulty to be
processed. The flotation method has been successfully
industrialized for obtaining concentrates with an
increased A/S that could be processed directly by the
Bayer process, and this has made a great contribution to
the sustainable development of China’s aluminum
industry [2,3]. A large amount of water was saved by
recycling through the flocculation and sedimentation of
the ore pulp [4]. In industrial production, flotation
indexes gradually decreased with the increase of cycle

time of the backwater in bauxite floatation [5,6]. The
bauxite flotation plants in China, most of which were
built and put into production after 2009, retained good
flotation indexes by discharging the backwater out of the
recycling system and replacing it with fresh water. There
are no reports on research and industrial applications of
backwater treatment of bauxite flotation.

There were some organic pesticide residues in
backwater, such as hydrolyzed polyacrylamide (HPAM).
HPAM itself had no toxicity; however, it had been
reported to be easily broken down by physical—chemical
factors, and its intermediate products were hazardous
because their monomer was highly toxic [7]. Therefore,
the discharge of backwater brought potential
environmental risk [8], but no studies have focused on
that problem yet.

Treatment of backwater would improve the flotation
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indexes, increase the utilization rate of water resources
and contribute much to the aluminum industry, while the
environmental risk brought by the discharge of
backwater was eliminated. In this study, in order to
investigate an effective method for backwater treatment,
a series of methods were used to treat the backwater,
which had poor flotation indexes, and the Box-Behnken
design (BBD) for experiments was adapted from the
response surface methodology (RSM) to optimize the
relevant operating parameters in order to reduce the
researcher’s experimental workload and high cost of
chemical usage and to avoid uncertainty in industrial
application [9,10].

2 Experimental

2.1 Materials
2.1.1 Water in tests

Fresh water was used in the control group.
Backwater for tests was collected from the backwater
basins at a bauxite flotation plant in Henan Province,
China. The pH value of the backwater was 8.81, and the
major chemical element analysis results are listed in
Table 1.

Table 1 Major chemical element analysis results of backwater
(mg/L)

Fe2t Zn2* Na' M g2+ AT
1.46 1.87 1410.96 1.96 6.27
K Ca*" SO& cr F

13.89 54.88 93.21 121.89 6.84

2.1.2 Ore for tests

Bauxite ore for tests was collected from the
homogenization yard in the bauxite flotation plant. The
results from the chemical element analysis and mineral
phase analysis of the ore are shown in Tables 2 and 3,
respectively.

Table 2 Chemical element analysis results of bauxite ore
(wt.%)

ALO; SiO, Fe,O; TiO, K,0O Na,O CaO MgO A/S
56.99 19.13 4.57 221 043 0.08 0.67 032 298

Table 3 Mineral phase analysis results of bauxite ore (wt.%)

Diaspore Boehmite Kaolinite Illite
50.69 2.54 27.84 3.55
Quartz Hematite Anatase Rutile

4.7 4.6 2 0.2

2.2 Methods
2.2.1 Backwater treatment
(1) Control group: Flotation tests on fresh water

were carried out as a blank control, and flotation tests on
untreated backwater were carried out as a basic control.

(2) Tons influence group: Flotation tests on water to
which was added analytic reagents such as CaCl,,
Fe,S0O4, Na,SO,4, KCI, NaF, and NaCl into distilled water
were carried out to examine the influence of the ions in
backwater. The ion concentrations of water added to ions
were 1.62 mg/L Fe*', 54.05 mg/L Ca**, 2.00 mg/L Mg*",
13.60 mg/L K*, 93.51 mg/L SO, 121.69 mg/L Cl” and
6.79 mg/LF .

(3) Backwater treatment group: Treatment methods,
including natural placement, adsorption by zeolite and
activated carbon, coagulation by 5 g/L polyaluminum
ferric chloride (PAFC) and 5 g/L polysilicate aluminum
ferric (PSAF), were carried out under three pH values (5,
7 and 9), while treatments by the Fenton-oxidation
method were carried out under the other three pH values
(3, 4 and 5). Flotation tests were carried out using the
backwater after treatment.

2.2.2 Flotation test

Flotation tests [11] were performed in a flotation
cell with a flotation volume of 1.5 L and were carried out
under the industrial conditions of grinding fineness of
92.69% <0.074 mm, pulp density of 31%, pH value of
9.3, and temperature of 25 °C. A flowsheet of the
flotation tests is shown in Fig. 1.

NaCO;, NaOH and HCI were used as pH modifiers.
The collector used in flotation tests was a mixture of
saponified oleic acid and benzohydroxamic acid.

Ore

<0.074 mm, 92.69%
pH=9.3, collector 600 g/t

3 min > Collector 200 g/t
2 min
K Collector 200 g/t
2 min
v v
Concentrates Tailings

Fig. 1 Flowsheet of flotation tests

2.2.3 Measurements

Degree of dissociation of grinding products was
determined using quantitative evaluation of minerals by
scanning electron microscopy (QEMSCAN) [12]. The
flotation indexes of the treated backwater, including
recovery of AlL,O; and A/S of tailings, were used to
characterize the effect of the backwater treatment.
2.2.4 Box-Behnken design

Backwater treatment was optimized by response
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surface methodology (RSM) using the BBD. The
statistical software Minitab” 17.1.0 was used for the
analysis. Three independent parameters: pH (X;, 5-9);
PAFC dosage (X;, 0.6—1.4 mL/L), and temperature (X,
15-35 °C), were confirmed to optimize the backwater
treatment, which was characterized by flotation indexes
(Y, for recovery of Al,O; and Y, for A/S of tailings). The
coded and uncoded levels of these variables are
presented in Table 4. The optimum response and the
corresponding process parameters were also determined.

3 Results and discussion

3.1 Results of QEMSCAN

The distribution of main minerals of grinding
products is indicated by area percent (AP, area ratio),
which reveals the percentage of the particle area of
diaspore to the total particle area. The results show that
most diaspore particles with better dissociation were
concentrated in fine-grained particles, whereas most
diaspore particles with less than 50% dissociation were
presented in coarse-grained particles. The percentage of
coarse-grained particles should be reduced in the

Table 4 Box-Behnken design matrix

grinding process for the low dissociation and the
complex association of minerals.

3.2 Flotation results

The reasons for the deterioration of the backwater
flotation index, analyzed from the contact with the
backwater, were mainly due to three aspects: the
influence of the accumulation of ions brought into
backwater by fresh water and ores, the influence of the
accumulation of organics such as humus brought into
backwater by ores, and the influence of the residual
accumulation of HPAM added into the pulp of
concentrates and tailings for the rapid settlement [13].
Therefore, three groups of experiments of backwater
treatment, described in section 2.2.1, were carried out.
3.2.1 Flotation results for control group

As shown in Table 5, compared with the fresh water
results, the backwater results had a decrease of 17.45%
on recovery of Al,O; and an increase of 0.98 on the A/S
of tailings. In the backwater flotation system, the
collection ability for diaspores was greatly reduced,
resulting in the high A/S of the tailings and the low
recovery of AL,Os.

Code value Actual value Result
Run No. 3
X X X3 X Xo/(mL-L ) X3/°C Y1/% Y,
1 1 -1 0 9 0.6 25 74.94 1.72
2 0 1 7 1.4 35 80.47 1.43
3 0 0 7 1 25 82.50 1.30
4 1 1 9 1 35 77.89 1.43
5 0 -1 -1 7 0.6 15 78.62 1.52
6 0 1 -1 7 1.4 15 80.37 1.47
7 -1 -1 0 5 0.6 25 70.08 1.92
8 1 1 0 9 1.4 25 80.58 1.52
9 1 0 -1 9 1 15 80.17 1.49
10 -1 0 1 5 1 35 72.18 1.72
11 0 0 0 7 1 25 83.00 1.28
12 -1 1 0 5 1.4 25 74.53 1.82
13 -1 0 -1 5 1 15 73.78 1.74
14 0 0 0 7 1 25 81.93 1.31
15 -1 1 7 0.6 35 74.96 1.77
Table 5 Flotation results for control group
Sample Product Production/% w(ALLO3)/% w(S510,)/% A/S Recovery of A,O3/%
Concentrates 62.72 60.52 15.68 3.86 66.19
Backwater Tailings 37.28 52.00 24.42 2.13 33.81
Ore 100.00 57.35 18.94 3.03 100.00
Concentrates 76.89 62.47 13.85 4.51 83.64
Fresh water Tailings 23.11 40.65 35.35 1.15 16.36
Ore 100.00 57.43 18.82 3.05 100.00
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3.2.2 Results for ion influence group

Table 6 shows the flotation results of water added
ions, which presented no obvious differences to those of
fresh water.

Although studies suggested that Mg®" advanced the
dispersivity of bauxite, whereas Ca’" and Fe*" inhibited
the dispersivity of bauxite [14], the results of this study
indicated that the influence of ions in backwater was not
the reason for the decrease in the flotation index because

Table 6 Flotation results for influence group
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the concentrations of the ions hid not reached the upper
limit.
3.2.3 Results for backwater treatment group

For the backwater treatment group, the results of the
flotation tests, which were carried out after the backwater
treatment, are shown in Fig. 2.

(1) Results for natural placement

As shown in Fig. 2(a), no improvements to the
flotation indexes occurred in the natural placement group

Sample Product Production/% w(ALLO3)/% w(S510,)/% A/S Recovery of Al,O3/%
Concentrates 76.66 62.21 13.92 4.47 83.40
. dszzt‘;’;ns Tailings 23.34 40.66 35.67 1.14 16.60
Ore 100.00 57.18 18.99 3.01 100.00
50 (a) 25 50 (b) = pH=3, A/S of tailings 3
—m— = taili = —e—pH=4, A/S of tailings
TS| e iy AS afailngs - pii=.recoveryof ALO 75t PH-S, A of ilngs
pH=9, A/S of tailings —*—pH=9, recovery of AL,O; 43.0 v i 3.0
s 700 R ——————
S 65 1255 2 65¢ v pH=3, recovery of ALO, 12.5 3
8 8 ®— pH=4, recovery of AL,O,
&) 60 &) 60 —*—pH=5, recovery of Al,0,
12.0 —— ——— {20
55¢ 551 e o
50 L L I I I 1.5 50 L | | 1.5
0 3 6 9 12 15 0 5 10 15 20
Time/d Amount of reagent/(mmol-L™")
80 3.5 80 35
(©) (d)
| —® pH=S5, A/S of tailings v pH=5, recovery of AL,O, | ™ pH=5, A/S of tailings v pH=5, recovery of AL,O,
75 ® pH=7, A/S of tailings —— pH=7, recovery of AL,O, 75 —®pH=7, A/S of tailings —— pH=7, recovery of Al,O,
pH=9, A/S of tailings —*— pH=9, recovery of AL,O; 7 3.0 pH=9, A/S of tailings —*— pH=9, recovery of Al,O; 3.0
x 70r n x 70F
s by % —t————
5y <) _ 4
2 6sp T 125% 2 65t 255
8 8
& 60 o &2 60r _  n
e—— . . {20 =% 1o
S5 I9IF
50 | | | | | 1 5 50 1 1 1 | 1 1 5
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Amount of reagent/(g-L™") Amount of reagent/(g-L™")
Ty - 4.0 4.0
851 T AR o s R 2 oS A ot
pH. AJS ofttailings = 43.5 DH=9 A8 of tailings 133
80 80+
S /f:;i- s " 130 ¢ o e 310
~ P of. =~ L > e aa
E 51 & /,/ - v . g\ 75 P et . .
> —* . 12.5 2 > f/ P v 12.5 2
8 70+ v v pH=5, recovery m‘\AIZOX 8 701 = v pH=5, recovery of Al,0,
o] v —# pH=7, recovery of AL,O, o] ¥ —@— pH=7, recovery of Al,O;
2 g *—pH=9, recovery of ALLO; - 2.0 ~ :><' —*—pH=9, recovery of AL,O, 2.0
65F e, ——a— . 65f e -
— 11.5 R I
60 ot 60+
1 1 1 1 1 1 ] .0 1 1 1 1 1 1 1 -0
0 02 04 06 08 1.0 0 02 04 06 08 1.0

Amount of reagent/(mL-L™")

Amount of reagent/(mL-L™")

Fig. 2 Flotation results of backwater treatment group: (a) Natural placement; (b) Treated by Fenton reagent; (c) Treated by zeolite;
(d) Treated by active carbon; (e) Treated by PAFC; (f) Treated by PSAF
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under all three pH values within 9 d, whereas small and
similar improvements to the flotation indexes occurred in
the natural placement group under all three pH values
after 15 d. This indicated substances that affected the
flotation indexes in the backwater degraded naturally
with the prolongation of natural placement time. These
results also indicated that ions in backwater were not the
main reason for the decrease in flotation indexes.

(2) Results for Fenton-oxidation method

As shown in Fig. 2(b), flotation indexes had a small
increase after the Fenton-oxidation method, and the
effect became obvious with the increase in the dosage of
Fenton reagents under all three pH values, which were
represented with the increase in recovery of Al,O; and
the decrease in A/S of the tailings.

Fenton-oxidation, as a powerful method for
removing almost any organic contaminant [15], has
become one of the promising and alternative wastewater
treatment methods [16]. In this study, under the treatment
conditions of a pH value of 3 and Fenton reagent dosage
up to 20 mmol/L, the best flotation index was only
gained with the increase in recovery of Al,O; of 5.52%
and the decrease in A/S of the tailings of 0.33, which also
had a large gap in comparison with that of fresh water.
The Fenton-oxidation process, combined with hydrogen
peroxide and ferrous ions, generated oxidation potential
species such as the hydroxyl radical, which exhibited
strong oxidation and could efficiently degrade the
refractory organics, whereas studies showed that the
removal rate of HPAM could reach more than 90% by
Fenton-oxidation in the treatment of oilfield sewage [17].
However, the HPAM concentration of the backwater was
in a low range, which might be due to the inefficiency of
the Fenton-oxidation method in this study.

(3) Results for adsorption method

Adsorption is a method used to purify waste water
by adsorbing the pollutants by adsorbents such as
activated carbon and zeolite. Activated carbon is
recognized as an effective and reliable means of
removing impurities due to its tremendous adsorptive
capacity [18], whereas zeolite is a silicoaluminate
mineral with good stability and becomes the focus of
intense interest due to the potentiality of the zeolite-
mediated heterogeneous processes, exclusively featured
by the high reactivity for complete elimination of
recalcitrant pollutants and environmental remediation [19].
However, the results of this study (Figs. 2(c) and (d))
showed the lower effectiveness of the adsorption method
executed both by activated carbon and zeolite and
revealed that the adsorption method executed by
activated carbon and zeolite did not adapt to the
treatment of backwater of bauxite flotation.

(4) Results for coagulation method

The results for the coagulation by PAFC (Fig. 2(e))

showed that the flotation indexes gradually became
better with the addition of PAFC dosage under the
condition of pH=7, which were better than the indexes
under the conditions of pH=5 and pH=9. Charge
neutralization and the adsorption bridging effect between
PAFC and HPAM were the primary flocculation
mechanisms when the pH was adjusted to 7. The
flotation indexes became stable when the PAFC dosage
exceeded 0.6 mL/L, and good results were achieved,
with 81.12% recovery of Al,O; and 1.37 of A/S of the
tailings, representing a 14.93% increase in the recovery
of Al,O; and a decrease of A/S of the tailings of 0.76 in
comparison to that of backwater.

Similarly, the results of the coagulation by PSAF
(Fig. 2(f)) showed that the flotation indexes gradually
became better with the addition of PAFC dosage. An
optimum result was reached under the condition of pH
of 7 and PAFC dosage of 1.0 mL/L, with an increase in
the recovery of Al,O5 of 12.75% and a decrease in A/S
of the tailings of 0.60 in comparison with that of
backwater.

The coagulation/flocculation method was widely
used in wastewater treatment due to its capability for
destabilizing and aggregating colloids [20,21]. There
were two main types of coagulants, inorganic flocculants
(such as PAC) and organic flocculants (such as PAM),
each of which had its advantages and disadvantages. The
main coagulant used in bauxite flotation plants was
HPAM, and studies showed that flotation indexes would
be affected by HPAM [22]. Combined with the results of
QEMSCAN, high performance of sodium polyacrylate
on flocculation for diaspore was due to interaction of
carboxyl of sodium polyacrylate with active Al sets of
diaspores by chemical absorption or the formation of
hydrogen bonds via the groups of
macromolecules with surface AI—OH to enhance the
sedimentation rate of diaspores and destroy the flotation
of diaspores [23]. Treatments of backwater by inorganic
flocculants (PAFC and PSAF) obtained good results,
primarily due to the incompatibility between inorganic
flocculants and HPAM and the removal of HPAM after
the addition of inorganic flocculants by the formation of
the flocs [24].

hydroxyl

3.3 Optimization by Box-Behnken design
3.3.1 Analysis of Box-Behnken design

In this study, the BBD was applied, and 15
experimental runs were conducted in random order to
optimize backwater treatment by PAFC, which was
characterized by recovery of AlLO; (Y;) and A/S of
Tailings (Y>) [25]. The effects of key parameters, pH (X)),
PAFC dosage (X;) and temperature (X;), on backwater
treatment were evaluated. The analysis of variance
results are listed in Tables 7 and 8. According to the
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Table 7 Analysis of variance for recovery of Al,05 (Y))
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Source Degree of freedom Sum of squares Mean square F-value p-value
Model 9 226.397 25.1552 71.29 0.000
Linear 3 110.730 36.9098 104.61 0.000
X, pH 1 66.183 66.1825 187.57 0.000
X,, PAFC dosage 1 37.628 37.6278 106.64 0.000
X;, temperature 1 6.919 6.9192 19.61 0.007
Square 3 111.663 37.2211 105.49 0.000
x? 1 93.125 93.1249 263.93 0.000
X’ 1 21.661 21.6609 61.39 0.001
X3 1 7.759 7.7586 21.99 0.005
2-way interaction 3 4.004 1.3347 3.78 0.093
XiX, 1 0.354 0.3540 1.00 0.362
XX 1 0.116 0.1156 0.33 0.592
XX 1 3.534 3.5344 10.02 0.025
Error 5 1.764 0.3528
Lack-of-fit 3 1.191 0.3970 1.38 0.445
Pure error 2 0.573 0.2866
Total 14 228.161
Model summary 5=0.594 R=0.9923 R*(Adj)=0.9783 R*(Pred)=0.9108

Table 8 Analysis of variance for A/S of tailings (1)

Source Degree of freedom Sum of squares Mean square F-value p-value
Model 9 0.5711 0.0635 26.02 0.001
Linear 3 0.1968 0.0656 2691 0.002
X, pH 1 0.1352 0.1352 55.45 0.001
X, PAFC dosage 1 0.0595 0.0595 24.41 0.004
X;, temperature 1 0.0021 0.0021 0.87 0.395
Square 3 0.3504 0.1168 47.89 0.000
X 1 0.2269 0.2269 93.07 0.000
X’ 1 0.1483 0.1483 60.82 0.001
X’ 1 0.0094 0.0094 3.85 0.107
2-way interaction 3 0.0239 0.0080 3.27 0.117
XiX, 1 0.0025 0.0025 1.03 0.358
XX 1 0.0004 0.0004 0.16 0.702
XX 1 0.0210 0.0210 8.62 0.032
Error 5 0.0122 0.0024
Lack-of-Fit 3 0.0117 0.0039 16.75 0.057
Pure error 2 0.0005 0.0002
Total 14 0.5833
Model summary 5=0.04938 R*=0.9791 R*(Adj)=0.9415 R*(Pred)=0.6766
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RSM results in regard to the response variables of the
effect of backwater treatment, which were acquired from
15 groups of experiments with the help of Minitab 17
software, the regression analysis of data from Tables 7
and 8 resulted in the following quadratic expressions:

Y1=—9.41+18.86X,+27.22X,+0.456.Xs—1.2555X,*—
15.14X,"—0.01450X*+0.372.X,.X>—
0.0085X,.X3+0.2350.X,.X; (1)

Y,=5.772-0.889.X,—2.049.X,—0.0020.X5+0.06198.X, >+
1.253X,%+0.000504.X°~0.0313X,.X,—
0.00050.X,.X5—0.01812.X,.X; ()

Statistical testing was carried out by the calculated
Fischer values (F-value) and probability values (p-value).
The corresponding parameter is more significant if its
p-value is smaller than 0.05 at a 95% confidence
level [26]. Lack of fit was used to represent the degree of
fit between the model and the actual experiment. The
model was significant, and there was no missing factor
when the p-value of lack of fit exceeded 0.05. A
nonsignificant lack of fit was required to obtain an
acceptable model.

As shown in Table 7, regarding the analysis of
variance for recovery of Al,Os, the model had a higher
F-value of 71.29, which implied that the model was
significant, and the probability that the F-value would
occur due to noise was less than 0.1%. The independent
variables of the linear model, pH (X)), PAFC dosage (X3)
and temperature (X3), those of the quadratic model, pH
(X)), PAFC dosage (X,) and temperature (X5°), and the
interaction model between PAFC dosage and temperature
(X>X;) were quite significant because the p-values were
less than 0.05, whereas the interaction between pH and
PAFC dosage (X1X5) and the interaction between pH and
temperature (X,.X;) were not significant because the
p-values exceeded 0.05. Judging by the F-values of the
items in the regression model, the pH (X;) had the
highest F-value (187.57), whereas the p-value was at a
low level among other parameters, and, therefore, the
degrees of importance of the three parameters on
recovery of ALLO; were ranked in the order pH (X)) >
PAFC dosage (X;) > temperature (X3). The lack of fit
F-value of 0.445 implied that lack of fit was not
significant relative to the pure error. The R* was 99.23%,
and the adjusted R* (R%(Adj)) was 97.83%, representing
an excellent fit, and the predicted R* (R*(Pred)) was
91.08%, which was in fair arrangement with the
R*(Adj).

As shown in Table 8 for the analysis of variance for
A/S of tailings, the model had a higher F-value of 26.02,
which implied that the model was significant, and the
chance for the F-value to occur due to noise was less
than 0.1%. The independent variables of the linear model,

pH (X)) and PAFC dosage (X;), the quadratic model, pH
(X,%), PAFC dosage (X»?) and temperature (X;°), and the
interaction model between PAFC dosage and
temperature (X>X3;) were quite significant because the
p-values were less than 0.05, whereas the linear model
temperature (X3), the interaction between pH and PAFC
dosage (X X;) and the interaction between pH and
temperature (X;X3) were not significant because the
p-values exceeded 0.05. Judging by the F-values of the
items in the regression model, the pH (X;) had the
highest F-value (55.45), whereas the p-value was at a
low level among other parameters, and, therefore, the
degrees of importance of the three parameters on A/S of
tailings were ranked in the order pH (X)) > PAFC dosage
(X;) > temperature (X3). The lack of fit F-value of 0.445
implied that lack of fit is not significant relative to the
pure error. The R* was 0.9791, and the R*(Adj) was
0.9415, which represented a good fit, but the R*(Pred)
was 0.6766, which meant some deviations with the
R*(Adj).

3.3.2 Analysis by RSM

The significance of each of the three independent
factors (pH, PAFC dosage and temperature) on recovery
of ALO; (Y)) and A/S of Tailings (¥;) was revealed by
illustrating the response surfaces as three dimensional
(3D) plots (Fig. 3). The temperature was fixed at 25 °C
(Figs. 3(a) and (d)), whereas the PAFC dosage and pH
were kept constant at 1.09 mL/L (Figs. 3(b) and (e)) and
7.55 (Figs. 3(c) and (f)), respectively.

The variation in pH led to the steep climb and drop
as shown in Figs. 3(a), (b), (d) and (e), whereas the
gentle climb and drop appeared during the variations in
PAFC dosage and temperature. Meanwhile, in Figs. 3(c)
and (f), the variation in PAFC dosage dramatically
affected recovery of AL,O; and A/S of tailings, whereas
the variation in temperature was less important. It can be
seen that the variation in pH was more important than the
other two factors for recovery of Al,O; and A/S of
tailings, whereas the variation in temperature gained the
least contribution among the three factors.

3.3.3 Results of verification tests

The response optimization technique helped to
identify a production of a combination of input variables
that collectively optimized a single response or a set of
responses [27]. By using response optimizer to identify
the combination of predictor values that jointly optimize
the recovery of Al,O; (maximum) and the A/S of tailings
(minimum), which were a pH of 7.55, PAFC dosage of
1.09 mL/L and temperature of 25 °C, with maximal
recovery of Al,O; of 83.28% and minimal A/S of tailings
of 1.27.

As shown in Table 9, under optimal conditions
proposed by response optimizer, 82.83% of the recovery
of Al,0; and 1.30 of the A/S of tailings were achieved
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Fig. 3 3D surface plots of recovery of Al,O; (Y;) as functions of pH and PAFC dosage (a), pH and temperature (b) and PAFC dosage
and temperature (c); 3D surface plots of A/S of tailings (Y;) as functions of pH and PAFC dosage (d), pH and temperature (e) and

PAFC dosage and temperature (f)

Table 9 Flotation results of backwater treated under predicted conditions

Product Production/% w(AlL,03)/% w(Si0,)/% A/S Recovery of Al,03/%
Concentrate 77.12 61.66 14.64 4.21 82.83
Tailing 22.88 43.07 33.13 1.30 17.17
Ore 100.00 57.40 18.87 3.04 100.00

(the average of three replicates), while the deviations
between the actual and predicted values were both less
than 3%. The predicted values were basically consistent
with the measured values, indicating that the
mathematical model established by RSM of BBD was
powerful in prediction.

4 Conclusions

(1) Flotation indexes gradually decreased with the
increase in cycle time of the backwater in bauxite
floatation. Accumulation of the residual HPAM in
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backwater was the main reason for the decrease in
flotation indexes.

(2) After the backwater was treated by PAFC, good
flotation indexes were gained; this result was due to the
reduction in the concentration of HPAM in the backwater
for the incompatibility between PAFC and HPAM.

(3) The optimum parameter values were predicted
to be a pH of 7.55, PAFC dosage of 1.09 mL/L and
temperature of 25 °C by BBD. Under these optimum
conditions, a maximum recovery 82.83% of AL,O; and a
minimum A/S 1.30 of tailings were gained. Both of the
deviations were less than 3% with respect to the
predicted values; these finding thus encourage the
application of BBD for the optimization of critical
parameters in backwater treatment.
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EHT Box-Behnken & iHL{Lia 7 1EZH BI/KAIBTZES#
B2 2l B0, MAEE RAR'S KBS MBS W22 was

1. FRERE RENTE54EM TR, Kb 410083;
2. PRIRY AR EHEHESEEE, Kb 410083;
3. HEEMLEMNE LB R ERA R, A 450041

o OE: WEER T VREREUKEERN 3G, 48RRI SRR ET R, MR IE UK AL R — R IR SR
Ao SR FH Fenton 4t WP VREESE V20 BRIF IR 1K, W Ab3 f5 V7 0 (9] /K VR I FR A%, 7R F Box-Behnken
Wt (BBD) EE R SHOEAT AN 45 FR W, A SR B REE LB 5 T Fe br A W B EEH - BBD
T AL S HUE N pH 7.55. BEEMNEEHE 1.09 /L. IRJE 25 °C. EWMIRELTESHT, W E4u8
3 82.83%. B FaRELL N 1.30, 4SR5 WNME R ZE/NT 3%, X3 BBD &M T4 Bl K AL - oCH:
ZHHIRA T .

KEE: MUKAE; FREAVFE; BRESEMEE: Box-Behnken it

(Edited by Xiang-qun LI)



