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Abstract: The application of waste alkali liquids as a substitute of sodium hydroxide for the saponification to improve
the collection performance of fatty acids was investigated by saponification reaction test and flotation test. The results
of the saponification reaction test indicated that the optimal conditions for the saponification were stirring rate of
55 r/min, initial temperature of 40 °C and stirring time of 45 min. Meanwhile, the laboratory scale and industrial scale
flotation experiments showed that the fatty acid salt synthesized by wastewater achieved an index comparable to fatty
acid sodium synthesized by sodium hydroxide. As a consequence, it was feasible to replace sodium hydroxide with the
wastewater from zeolite production for fatty acid saponification. The cross-border utilization of waste alkali liquids not
only reduced environmental pollution, but also produced excellent economic benefits.
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1 Introduction

Water is an indispensable resource for the
survival of animals and plants and the most
essential component of living organisms. It is
closely related to agriculture, industry and other
human activities [1-3]. Due to the limited
availability of freshwater resources on the earth, the
treatment of industrial wastewater and the recycling
of water resources have always been the focus of
research [4—10].

Zeolite is widely used as a catalyst or
adsorbent for industrial processes, such as air
purification, removal of heavy metal ions and
organic pollutants in water, and catalytic cracking
of oil because of its special properties [11—17].
However, due to the low utilization rate of alkali
and low ion exchange rate, a large amount of
high-concentration alkali-containing wastewater is
generated during the hydrothermal synthesis of
zeolite [18—21]. Alkali-containing wastewater is a
hazard and has strong corrosive properties. When
the waste alkali liquid is discharged into the water
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body, the water body will lose its self-purification
ability, resulting in the reduction or destruction of
water resources, causing soil salinization and
destroying the ecological environment [3]. If
humans drink alkaline with a high
concentration, the metabolism will be out of
balance, leading to digestive disorders [22].
Therefore, it must be properly treated before it can
be discharged into the storage body.

Neutralization is the most common method for
the treatment of the waste alkali liquids, but the
salts produced by the neutralization process require
further processing [23,24]. Nanofiltration and
membrane filtration are also used to treat alkali-
containing wastewater [5,25]. By using membrane
bioreactor, nanofiltration and reverse osmosis to
treat woolen textile wastewater, the reuse of
wastewater can be achieved [26]. Oxidation and
desalination are used to treat the industrial organic
alkali-containing wastewater, but their treatment
effect on high-concentration alkali-containing
wastewater is not good [2,27,28]. In recent years,
the use of biotechnology to treat wastewater has
become the focus of research due to its
environmentally friendly process [29,30].

Fatty acid is a common collector of oxide ore.
It is widely used in the flotation of calcium-
containing minerals such as scheelite, apatite,
fluorite and calcite [31—34]. The ability of fatty acid
collection is relatively strong, but its dispersion is
poor, especially at the low temperatures. Fatty acids
are usually saponified to produce fatty acid salts
to improve their solubility and dispersion in
slurry [35-37]. The fatty acid is commonly
saponified with an alkali solution prepared with
sodium hydroxide. Based on the above situation,
the research ideas of wastewater produced in zeolite
production as a substitute for sodium hydroxide in
the synthesis of fatty acid salts were proposed, as
shown in Fig. 1.

In this work, the application of waste alkali
liquids from the zeolite production process instead
of sodium hydroxide in the saponification of fatty
acids was provided. The saponification reaction

water

conditions and the effect of the application effect of
final product in scheelite beneficiation plant were
studied. The potential
wastewater used in the production of flotation
reagent were investigated. The new ideas for
cross-border utilization of waste alkali liquids were
explored.

economic benefits of

2 Experimental

2.1 Sample of wastewater

The wastewater sample was taken from
Luoyang Tianping Molecular Sieve Co., Ltd.,
(LYTP) which mainly produces zeolite A, X and Y
by hydrothermal synthesis. Due to technical
limitations, the alkali in the mother liquor cannot be
fully utilized, and the waste mother liquor was
mixed with filtered water and discharged into the
wastewater tank. The chemical composition of
wastewater was relatively stable. The collected
water was mixed samples taken continuously every
two hours for a week from the inlet of wastewater
tank. The chemical compositions of the wastewater
are shown in Table 1.

The OH concentration of wastewater was
4.00 mol/L. The concentrations of other ions were
53.16 g/L K, 107.38 g/L Na, 0.14 g/L Ca, 0.38 g/L
Mg, 1.04 g/L Al and 0.55 g/L Si.

2.2 Methods
2.2.1 Saponification reaction

The relationship between fatty acids and
hydroxide ions in the saponification reaction is

described by Eq. (1) [37]:
RCOOH+OH =RCOO +H,0 (1)

The fatty acid used in the saponification was
sampled from raw materials of fatty acid sodium
production in Luoyang Zhenbei Industry and Trade
Co., Ltd., (LYZB), China. The fatty acid salt (FAS)
produced by LYZB was applied to Luanchuan,
the largest associated scheelite mining area in
China [38]. The indicators of fatty acid are shown
in Table 2.

Saponification

Wastewater (Replace sodium hydroxide) + Fatty acid ——————— Fatty acid salt

Laboratory-scale flotation test

Industrial test

Fig. 1 Research route of wastewater reuse
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Table 1 Chemical composition of wastewater (g/L)
OH K Na Ca Mg Al Si

4.00 53.16 107.38 0.14 0.38 1.04 0.55
The unit of OH  is mol/L

Table 2 Main indicators of fatty acid

Acid  Saponification Iodine Free;mg Moisture/
value/ value/ value/ point/ o
— — — o (]
(mgg) (mggh) (zg) C
145.6 148.7 0.1106 21.3 39

The saponification value of fatty acids was
148.7 mg/g KOH, which was equivalent to
2.66 mmol of OH required for complete
saponification of fatty acids per gram.

If the fatty acid saponification was insufficient,
the low-temperature collection performance of FAS
would still be poor. It was necessary to find suitable
saponification conditions so that the collector
can achieve a good low-temperature collection
performance. According to the relevant studies, the
stirring rate, reaction time, initial temperature, and
the amount of fatty acid and alkali water added
were the main factors affecting the saponification
reaction [39—41]. When the amount of alkali water
added was increased, the saponification reaction
rate was accelerated, but the active ingredient of the
final product was lowered. To ensure the active
ingredient content of the final product, the amount
of alkali water added was fixed as the theoretical
value required for complete saponification of the
fatty acid. Therefore, the effects of the stirring rate,
the initial temperature and the stirring time on the
saponification reaction were investigated.

The saponification test procedures were
described as follows: 200 g fatty acids were first
added to a 500 mL breaker in a water bath, stirred
and heated, followed by the addition of wastewater,
saponification began. Full saponification of 200 g
fatty acids theoretically required about 133 mL of
wastewater. The wastewater was divided into three
equal parts and added to the beaker in the same
time interval. After the stirring time was reached,
the reaction was completed to obtain the collector
product. Because saponification reaction was
exothermic, the water bath pot stopped to be heated
after the reaction began [39]. The appropriate
saponification reaction conditions were determined
by the collection performance of FAS to scheelite at
a low temperature.

2.2.2 Flotation test

The scheelite sample used in the experiment
was taken from molybdenum tailings processed by
Luoyang Yulu Mining Co., Ltd.,, (LYYL). The
samples homogenized and split into
representative sub-samples for laboratory tests. The
main chemical element analysis results of samples
by X-ray fluorescence spectrometry are shown in
Table 3.

were

Table 3 Main element content of molybdenum tailings

(wt.%)
F Na Mg Al Si P
038 0.727 1.108 252 19.243  0.185
S K Ca Ti Mn Fe
0.85 0983 21.054 0.224 1.027 6.619
Cu Zn Mo WO; Pb O
0.013 0.051 0.015 0.067 0.012 31.135

The content of WO; was 0.067 wt.%. The
collection performance of the collector was
evaluated by the WO; recovery of scheelite
roughing at a low temperature. The flotation slurry
and the supplementary water were frozen to ensure
that the slurry temperature was lower than 13 °C
during flotation. The flowsheet of scheelite flotation
tests is presented in Fig. 2.

Molybdenum tailing

3 min Na,CO,

3 min Collector

3 min

v
Rough concentrate

v
Tailing

Fig. 2 Flowsheet of scheelite flotation test

The flotation tests were carried out with a
1.5 L-XFD flotation machine (Jilin Exploring
Machinery Plant, China). The solid content of
flotation pulp was controlled at 40%—42%. The
sodium carbonated dosage was 1800 g/t, the
collector dosage ranged from 160 to 260 g/t. These
reagents were diluted in normal temperature water
to a concentration of 5% before being added to the



3096 Xu WANG, et al/Trans. Nonferrous Met. Soc. China 30(2020) 3093—-3102

slurry. The mixing time of the reagent was 3 min
and the flotation time was also 3 min. The recovery
of WO; was quantified by Eq. (2):

__ B o00% (2)
Pm, +Om,
where ¢ is the roughing recovery of WOs; £ and 0
are the WO; grades of rough concentrate and
tailing, respectively; m; and m, are the mass of
rough concentrate and tailing, respectively.
2.2.3 Industrial test
Industrial test was carried out in LY YL, which
was one of the three largest scheelite beneficiation
plants in Luanchuan area and had three independent
and parallel scheelite roughing series. The process
flow, reagent regimes, equipment model and ore
properties of each roughing series were basically
the same. The processing capacity of each series
was 6000 t/d. Three series of rough concentrates
were combined and thickened for heating cleaning.
Industrial tests were performed from January 1,
2018 to January 31, 2018, during the period of
Luanchuan area temperature was low and scheelite
roughing slurry temperature did not exceed 15 °C.
The collector synthesized with waste alkali liquids
was used for No. 1 scheelite roughing series and the
collector synthesized with sodium hydroxide was
used for No. 2 and No. 3 scheelite roughing series.
The roughing indexes of each series were
summarized to analyze the application effect of

Molybdenum tailing

Roughing /

collector synthesized with waste alkali in details.
The process of roughing scheelite is shown in
Fig. 3.
2.2.4 Analytical methods

The main chemical elements in wastewater
were determined by inductively coupled plasma
optical  emission  spectrometry  (ICP-OES,
SPECTROBLUE, Germany). The contents of
different elements of the scheelite were indicated by
X-ray fluorescence (XRF, S0902724, Rigaku,
Japan). All analyses were performed at the reliable
laboratory of analysis and testing of Changsha
Institute of Mining and Metallurgy, which was
certified by the state.

3 Results and discussion

3.1 Performance of FAS with different
saponification conditions

3.1.1 Stirring rate

The effect of stirring rate on the saponification
effect was investigated. The stirring rates were set
as 40, 45, 50, 55 and 60 r/min, respectively. The
initial temperature of the saponification reaction
was fixed at 40 °C, and the stirring time was fixed
at 60 min. The dosage of sodium carbonate was
fixed at 1800 g/t in the flotation process. The results
are presented in Fig. 4.

As shown in Fig. 4, when the stirring rate
was lower than 50 r/min, the recovery of scheelite

X Na,CO, 1200-2100 g/t
X Collector 160-260 g/t

v

X Collector 0-50 g/t

Rough concentrate

Fig. 3 Roughing flowsheet of LYYL

M
Scavering I e
M\
Scavering 11
M
\J
Tailing
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Fig. 4 Effect of stirring rate on collecting capability of

collector

increased with the rise of the stirring rate in the
range of the collector dosage from 160 to 260 g/t.
After the stirring rate exceeded 50 r/min, the growth
rate of the scheelite recovery was slowed down.
When the dosage of collector was 220 g/t, the
recoveries of scheelite at the stirring rates of 55 and
60 r/min were 83.49% and 83.36%, respectively.
There was no significant difference in recovery
between the two stirring rates. Therefore, the
stirring rate of the saponification reaction was set as
55 r/min.

3.1.2 Initial temperature

The saponification reaction started slowly at
normal temperature, and a suitable initial
temperature allowed the saponification reaction to
start rapidly. To explore the effect of initial
temperature of the saponification reaction on the
collector performance, the initial temperatures were
set as 30, 35, 40, 45 and 50 °C, respectively. The
stirring rate of the saponification reaction was fixed
at 55 r/min, and the stirring time was tentatively set
at 60 min. The dosage of sodium carbonate was
fixed at 1800 g/t in the flotation process. The results
are presented in Fig. 5.

As shown in Fig. 5, with the same dosage of
the collector, the scheelite recovery increased
gradually with the rise of the initial temperature.
But, the recovery of scheelite under same collector
dosages was not significantly different after the
initial temperature exceeded 40 °C. Under the
collector dosage of 220 g/t, the recoveries of
scheelite at the initial temperature of 40, 45 and
50°C were 82.34%, 83.01% and 83.82%,
respectively. This indicated that sufficient energy

could be provided for the saponification reaction to
start quickly at the initial temperature of 40 °C.
Therefore, the initial temperature of the
saponification reaction was set as 40 °C.

90

A i g

B //¥2_<!

80

5 —
g 75+
8 14 /E .
g 701 / . .
¢ 7 —==30°C
65 / ] —e—35°C
3 / —a—40°C
60 F ,/i —v—45°C
- ——50°C
55

léO léO 2(|)0 2|20 2;10 260
Dosage of collector/(g-t™")

Fig. 5 Effect of initial temperature on collecting

capability of collector

3.1.3 Stirring time

The effect of stirring time on collector was
investigated under the following conditions: stirring
rate of 55 r/min, initial temperatures of 40 °C,
sodium carbonate of 1800 g/t. The stirring time was
set as 30, 45, 60 and 75 min, respectively. The
results are presented in Fig. 6.

90
= { 1
i —=
< | .
S, 80 /
o
§ A
& 1 / —a— 30 min
—e— 45 min
—a— 60 min
70 —v— 75 min
65

léO léO 2(|)0 2|20 2;10 280
Dosage of collector/(g-t™")

Fig. 6 Effect of stirring time on collecting capability of

collector

As shown in Fig. 6, when the dosage of the
collector was 220 g/t, the recoveries of scheelite at
the stirring time of 30, 45, 60 and 75 min were
81.48%, 84.20%, 84.11% and 84.63%, respectively.
The recovery of scheelite was not significantly
changed with the increase of stirring time under the
same collector dosage after the saponification
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reaction stirring time exceeded 45 min. This
indicated that the saponification reaction might
have been relatively complete after the stirring time
exceeded 45 min. Therefore, the stirring time of the
saponification reaction was set as 45 min. As a
result, the stirring rate, initial temperature and
stirring time of the saponification reaction were
finally determined to be 55 r/min, 40 °C and 45 min,
respectively.

3.2 Comparison of FAS with different alkali
sources

The lye having the same concentration of OH"
as that of the wastewater was prepared with sodium
hydroxide for the synthesis of FAS. The FAS
synthesized using two alkali sources was compared
through flotation tests. Meanwhile, the effect of
other ions in the wastewater on the performance of
the collector was also investigated by comparative
experiments.

The effects of FAS synthesized by two alkali
sources on the flotation of scheelite were studied
under different dosages. The dosage of sodium
carbonate was fixed at 1800 g/t. The results are
presented in Fig. 7.

1.0 90

e s

e
oo
T

80

£>%§§\

—a— Sodium hydroxide
—s— Wastewater

(=}
o
Recovery/%

WO, grade/wt.%

0.4

T

160 180 200 220 240 260

Dosage of collector/(g-t™")

Fig. 7 Comparison of FAS synthesized from two alkali
sources at different dosages

Figure 7 shows that the scheelite recovery
gradually increased and the WO; grade in the rough
concentrate gradually decreased as the collector
dosage increased. After the collector dosage
exceeded 220 g/t, the recovery of scheelite hardly
increased, and the grade of WO; in the rough
concentrate decreased. Therefore, the optimum
dosage of both collectors was 220 g/t. Under the
optimal dosage, when the FAS synthesized by

sodium hydroxide was used as the collector, the
recovery of scheelite was 85.92 wt.%, and the grade
of WO; of rough concentrate was 0.553 wt.%.
When using FAS synthesized from wastewater as
the collector, the recovery of scheelite was 84.09%,
and the grade of WO; of rough concentrate was
0.582 wt.%.

With the same collector dosage, the recovery
of scheelite by using FAS synthesized with sodium
hydroxide was slightly higher than that of
wastewater. The rough concentrate grade obtained
by using FAS synthesized with wastewater was
higher than that of sodium hydroxide. In general,
the performance of FAS synthesized by the two
alkali sources was comparable. Other ions had little
effect on the performance of FAS synthesized with
wastewater.

3.3 Industrial test

According to the best conditions in the
laboratory, the large-scale production of collectors
is carried out in a reaction kettle. The No. 1 series
of roughing used FAS synthesized by wastewater,
and the No.2 and No.3 series used FAS
synthesized by sodium hydroxide during the
industrial experiment conducted in LYYL. The
reagents added to the scheelite roughing section
were sodium carbonate and FAS. The dosages of
flotation reagents were adjusted according to the
nature of the ore and the actual situation of on-site
production. The dosage of sodium carbonate was in
the range of 1200—2100 g/t, and the dosage of FAS
was in the range of 160—260 g/t. Flotation column
was used for scheelite flotation in LYYL.
Compared with the laboratory flotation machine,
the WO; grade of rough concentrate obtained by
flotation column was higher, but the recovery was
lower. The temperature of the slurry was between
10 and 15 °C during industrial test. The statistical
results of production indicators during the industrial
test are shown in Figs. 8 and 9. The average dosage
of flotation reagents of each series during the
industrial test is shown in Table 4.

Figure 8 reveals that the daily recovery rates of
the wvarious series were constantly fluctuating
throughout the industrial trial. The overall
fluctuation trend of the three series of recovery rates
was similar. Figure 9 indicates that the monthly
cumulative recoveries of the three roughing series
were 75.79%, 75.82% and 75.68%, respectively.
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Table 4 Monthly average dosage of reagents for each
scheelite roughing series

Dosage/(g-t ")

Series
Sodium carbonate FAS
No. 1 1783 181
No. 2 1806 179
No. 3 1795 184
The monthly cumulative grades of WO; in

rough concentrates of three roughing series were
1.65 wt.%, 1.62 wt.% and 1.60 wt.%, respectively.
The monthly cumulative production indexes of the
three series were comparable. Table 4 shows that
the lowest monthly average consumption of sodium
carbonate was 1783 g/t of the No. 1 series, followed
by 1795 g/t of the No. 3 series and 1806 g/t of the

3099

No. 2 series. The monthly average dosages of FAS
of three series were similar, with 181, 179 and
184 g/t, respectively.

The effect of two kinds of FAS was equal
under the same production conditions. Industrial
test results confirmed that the waste alkali liquids
from the production process of zeolite could
completely replace sodium hydroxide for the
synthesis of FAS.

3.4 Technical and economic evaluation

The utilization of waste alkali liquids for the
synthesis of flotation reagents had absolute
advantages over other treatment technologies. The
high-concentration alkali-containing waste liquid
treated by the neutralization method had relatively
high efficiency, but a large amount of salt
substances were generated. These salts were still
highly corrosive and caused secondary pollution,
which required further desalination before they can
be discharged [23]. Most of the ions in the
wastewater can be removed by membrane filtration
techniques [25,26]. However, the filter membrane
was highly susceptible to contamination during
operation, significant decrease
infiltration flux and a deteriorating treatment
effect [42,43]. Although biodegradation and
oxidation were environmentally friendly and often
used to treat organic wastewater, they were not
suitable for high-concentration alkali-containing
waste liquids, because the growth and reproduction
of microorganisms were extremely demanding on
water quality [29,30,44]. As an alternative to
sodium hydroxide, the wastewater was 100%
utilized, and secondary pollution was avoided.

Turning wastewater from the production of
zeolite into a useful resource not only avoided
environmental pollution but also saved the cost of
wastewater treatment. Taking LYZB and LYTP as
examples, the waste alkali liquids discharged by
LYTP was about 200 m’ every month, which
required about 40 t of sulfuric acid to neutralize.
Based on the price of commercially available
industrial sulfuric acid at 600 Yuan/t, the annual
cost was about 288000 Yuan. If the waste alkali
liquids were used in the synthesis of FAS by LYZB,
it could replace 32 t of sodium hydroxide every
month. Based on the price of commercially
available industrial sodium  hydroxide at
5000 Yuan/t, the annual savings was 1920000 Yuan.

resulting in a
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The annual savings of wastewater treatment costs
and the cost of purchasing sodium hydroxide
totaled 2208000 Yuan. At the same time, it also
saved 2400 m’ of industrial water every year.

4 Conclusions

(1) It was completely feasible to replace
sodium hydroxide with waste alkali liquids. The
optimum stirring rate, the optimum starting
temperature and the optimum stirring time for the
saponification reaction were 55 r/min, 40 °C and
45 min, respectively.

(2) The collector synthesized from wastewater
has achieved an index comparable to collector
synthesized by sodium hydroxide in the laboratory
scale and industrial scale flotation tests. Other ions
in the wastewater had little effect on the
performance of FAS.

(3) The successful utilization of wastewater in
the synthesis of FAS not only enabled the full
utilization of water resources but also created
enormous  economic  value. It was an
environmentally friendly method of treating
wastewater, which fundamentally avoided the
pollution of wastewater to the environment. At the
same time, it also provided new ideas for the
treatment of other industrial waste alkali liquids and
the sustainable development of the ecological
environment.
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