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Abstract

At “Debiensko” Desalination Plant salt crystallizer is supplied with untreated brine concentrated by RCC
evaporation method that results in high energy consumption and huge amount of post-crystallization lye.
Nanofiltration pre-treatment of coal-mine brine was then considered to improve plant outcome.

Desal-5L (Osmonics) nanofiltration membrane was found to be suitable for the above purpose. The rejection
coefficients were found as follows (%): Ca*" — 68.8, Mg** — 71.6, SO;” — 98.0, CI" — 11.9, that lets us to estimate
the composition of NF permeate at 85% recovery to be as follows (g/L): Ca** — 0.242, Mg — 0.188, SO — 0.064,
CI” — 32.2. The performance of crystallization step was then estimated based on chemical composition of NF
permeate and compared with operational data from “Debiensko” Desalination Plant. The energetic efficiency of
the presently operated coal mine brine treatment system was compared with the one involving NF softening as the
pretreatment for low energy VC thermal desalination in place of seeded VC (RCC presently applied). This
comparison shows that unit energy consumption decreases from ca 970 kWh per 1t of evaporated salt for
untreated brine concentrated by RCC method to ca 450 kWh/t when low energy VC evaporation is applied. At the
same time the amount of salt in post-crystallization lye decreases from approx. 110 kg per 1t of evaporated salt
produced to ca 50 kg.
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1. Introduction Presently the brine of ca 60 g NaCl/L content
is been concentrated up to the saturation level
by the thermal method, namely vapor compres-
sion. Since the considerable amounts of calcium
and sulfate ions are present in the treated brine,
the seeded falling films evaporators were applied.
The presence of gypsum or hemihydrate seeds
*Corresponding author. into the evaporators prevents CaSO, x nH,O

The objective of this paper is the Debiensko
and Budryk high salinity coal-mine brines
utilization efficiency enhancement by rearrange-
ment of the presently applied technology.
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deposition on the heat exchange surface and
inhibits scaling to the great extent. Then the
resulting brine containing calcium sulfate crystals
is roughly clarified from solid and the supernatant
solution feeds the crystallizer after the pH cor-
rection with caustic soda. The crystallizer was
described in more details elsewhere [1,2]. The
above utilization technology, being in operation
since 1994, is however considered to be cost con-
suming. This results in the utilized mine water
energy consumption by seeded VC (731 kWh/1 t
of salt produced) being three-fourth of the total
energy consumption (962 kWh/1 t of salt pro-
duced), because all the efforts addressed to avoid
CaSO0, scaling increase utilization cost to a great
extent since energy consuming seeded falling
film evaporator have to be applied in place of
energy saving low-energy consuming thermal
concentration methods. We concluded that the
cost consuming seeded VC may be, however,
replaced with the cost efficient one only when
softened, low calcium sulfate containing, brine
is to be concentrated. This may be achieved by
applying membrane softening pretreatment, such
as electrodialysis with univalent permselective
membranes or nanofiltration.

In our previous research the profitability of
low salinity mine water utilization in the electro-
dialysis evaporation system was proved [3].
Also the advantages of electrodialytic seawater
desalination [4] and dual purpose desalina-
tion-salt production electrodialysis [5] were also
demonstrated.

Recently [6] we discussed the influence of
electrodialytic (ED and EDR) softening on the
coal-mine brine utilization cost. There we showed
that replacement of the existing seeded VC with
ED — EDR - low energy evaporator system may
result in approx. 50% reduction in the total energy
consumption.

Since the nanofiltration is another, and more
likely [7,8], softening method, in the present work
the economic feasibility of the nanofiltration —
low energy evaporator — crystallization system
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Fig. 1. The system proposed to replace the one existing
at Debiensko coal-mine brine treatment facility.

(Fig. 1) for the mine waters in question was dis-
cussed and compared with the energetic efficiency
of the present system. The deliberations present
in this paper were based on the existing desali-
nation plant operational data and data provided
by the evaporators suppliers while the efficiency
of NF softening for the mine water in question
was examined in our laboratory.

2. Nanofiltration of the Debiensko
coal-mine brine

The nanofiltration experiments were conducted
in a lab-scale flat sheet NF module of active mem-
brane area of 1.47 - 10~ m”. The cross-sectional
flow velocity was set at 0.7 m/s. NF-200 (Filmtec),
MPS-34 (KOCH), N-50 (Separem) and Desal-5L
(Osmonics) membranes were tested. Every exper-
iment was conducted at 15 atm excess pressure.
The observed rejection coefficients of calcium,
magnesium, sulfate and chloride ions are tabulated
in Table 1.

It can be clearly seen in Table 1 that of all the
membranes tested, Desal-5L. membrane is the

Table 1
The results of “Debierisko” coal-mine brine nanofiltration

Membrane, Flux,
manufacturer L/m*h

Rejection coeff. (%)

Ca* Mg* SOF CI

NF-200, Filmtec 51.3 741 825 925 259
MPS-34, KOCH 19 213 220 276 52
N-50, Separem 118 189 263 31.5 7.0
Desal-5L, Osmonics 102.4 68.8 71.6 984 119
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applicable since it efficiently rejects sulfates and
Ca®" as well Mg”* while CI™ are rejected only
slightly. This enables maximum NaCl perme-
ation at the highest possible absolute CaSO,
rejection. MPS-34 and N-50 membranes, of the
lowest NaCl rejection are not applicable since
they do not enable efficient softening of the brine
in question. NF-200 membrane seems applicable,
however, two times higher NaCl rejection than
for Desal-5L. membrane suggest drastic increase
in the amount of salt produced and an increase
in salt production cost. Moreover when applying
NF-200 the salinity of NF wastewater (retentate)
should be approx. two times higher than using
Desal-5L, as well as its (retentate) utilization cost.

The possibility of nanofiltration softening of
the Debiensko mine water applying Desal-5L
membrane was further investigated to identify
optimum softened water recovery. In the examined
case the optimum water recovery is determined
by the maximum permissible, without scaling risk,
calcium sulfate supersaturation level. According
to the data presented in [9] inside spiral wound
modules scaling does not occur up to the relative
supersaturation level of 2 (calculated as calcium
and sulfate activity product divided by the gypsum
solubility product). In the case of Desal-5L the
above condition corresponds to the NF recovery
level of 0.85. The permeate and retentate com-
position under these condition are presented in
Table 2.

Table 2
Composition of NF process streams at 85% recovery

Concentration (g/L)

Ton Permeate Retentate
Ca* 0.242 1.70°
Mg* 0.188 1.49

Cl 322 42.3
SO 0.064 11.77%

"Relative supersaturation level of 1.94 (calculated as

in [9]).

Since permeate Ca*" and SO; ion product (of
4.03 - 107°) is much lower then the value provided
in [7] to determine the thermal desalination
method scaling limit (4.54 - 107°), the NF permeate
of the composition as in Table 2 may be ther-
mally concentrated up to the saturation without
calcium sulfate scaling risk. Thus a cheap, low-
energy consuming, evaporation method may be
considered in place of energy consuming seeded
vapor compression presently applied.

3. The effectiveness of NF — evaporation —
crystallization system for the examined
coal-mine brine utilization

In the crystallization step, because of the opti-
mum crystallization effectiveness, the magnesium
content should vary in the 1800-2110 kg/m’
range. Therefore two separate cases were con-
sidered: one of lower magnesium content in the
post-crystallization lyes and its related higher
amount of salt into the waste and second of
higher magnesium content, lower amount of salt
in the wastes and slightly lower energy con-
sumption. The present and predicted Debiensko
desalination plant performance indices are tab-
ulated in Tables 3 and 4.

The process energetic efficiency, namely the
energy consumption per 1 t of salt produced was
calculated assuming: 44 kWh/m® of seeded VC
distillate and 66 kWh/m® of distillate from the
crystallizer. Following the data presented by
Magdziorz and others [10] from the demonstra-
tion NF plant for coal-mine brine softening, the
NF treatment energy consumption was set as
2.3 kWh/m’ of permeate, while the low-energy
evaporator energy consumption was set to
11 kWh/m® of the distillate, following the manu-
facturer (Alfa Laval) data. In both, present and
proposed systems (Tables 3 and 4), the energy con-
sumption differ slightly with post-crystallization
lyes magnesium content. At higher magnesium
content lower energy consumption is observed
since less salt remains in post-crystallization
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lyes and higher crystallization efficiency is
observed.

By comparing data in Tables 3 and 4 it can
be clearly seen that, unlike magnesium ion con-
tent, the rearrangement of the coal mine brine
treatment system affects the treatment energetic
effect. In fact the energy consumption decreased
to less than half of the presently reported (from
ca 962 to ca 450 kWh/t of salt produced) when
nanofiltration softening of the treated coal-mine
brine coupled with low energy evaporation was
applied in place of seeded VC. This is the result
of application of low-energy consuming treatment
methods (NF of 2.3 kWh/m*® and low energy VC
of 11 kWh/m?) in place of energy consuming
seeded VC unit of 44 kWh/m’ energy consump-
tion. So high decrease in energy consumption
suggest the proposed system to be economically
privileged, however, since the NF step recovery
is equal to 85%, the remaining 15% constitutes
waste of high salinity and high calcium sulfate
content that have to be utilized. One of the ways
to mitigate this is the chemical softening and
recirculation to the NF feedwater. This is going
to compensate somehow the advantage of the pro-
posed system application, namely the great
decrease in unit energy consumption, however,
we believe that since the amount of the wastes to
be treated is small, as related to the mine brine,
its utilization will not increase the overall process
cost much. This, however, have to be considered
separately.

4. Conclusions

At “Debiensko” Desalination Plant salt crys-
tallizer is supplied with untreated brine concen-
trated by RCC evaporation method that results
in high energy consumption and huge amount of
post-crystallization lye. In this paper the nano-
filtration pre-treatment of coal-mine brine prior
to thermal concentration and further salt crystalli-
zation was considered to improve plant economics.
Desal-5L (Osmonics) nanofiltration membrane

was found to be applicable. The rejection coef-
ficients were found as follows (%): Ca** — 68.8,
Mg* — 71.6, SO,* — 98.0, CI" — 11.9, that lets us
to estimate the composition of NF permeate at
85% recovery to be as follows (g/L): Ca** — 0.242,
Mg** - 0.188, SO;” — 0.064, CI" — 32.2. The per-
formance of crystallization step was then esti-
mated based on chemical composition of NF
permeate and compared with operational data
from “Debiensko” Desalination Plant. The ener-
getic efficiency of the presently operated coal
mine brine treatment system was compared with
the one involving NF softening as the pretreat-
ment for low energy VC thermal desalination in
place of seeded VC (RCC presently applied).
This comparison shows that unit energy con-
sumption decreases from ca 970 kWh per 1t of
evaporated salt for untreated brine concentrated
by RCC method to ca 450 kWh/t when low energy
VC evaporation is applied. At the same time the
amount of salt in post-crystallization lye decreases
from approx. 110 kg per 1t of evaporated salt
produced to ca 50 kg.
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