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Effect of different ores on water quality adjustment
of seawater desalinated by reverse osmosis
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Abstract: In many places, reverse osmosis seawater desalination plays an important role in solving freshwater crisis.
In spite of its superior quality, instability of desalinated water may be corrosive to water distribution systems, thus
may pose a threat on human health. To solve this problem, four ores were used to adjust the quality of the desalina-
ted water. The physical and chemical properties of maifanshi, dolomite, limestone and an imported ore, including
composition, XRD (X-ray Diffraction), porosity and pore size distribution, surface morphology were analyzed.
Based on these properties, the effects of the four ores on water quality adjustment of the desalinated water by
reverse osmosis were studied. The results indicate that the porosity and dissolution of the imported ore are improved
obviously after the artificial process. The hardness, alkalinity, Mg?" contents of the import ore are 50% higher than
any other ores, while the pH value of the effluent is too high, the Ca’" content in the effluent is lower than that of
limestone. Still, there is a certain gap compared with the tap water. In the future, research should focus on the
development of modifying agents with large surface areas and faster dissolution rate, which can adjust the desalina-

ted water without acidifying the influent.
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important methods of seawater desalination in the
0 Introduction world'). However, the removal rates vary with
different ions in the seawater. That is, the remov-

Reverse osmosis has become one of the most al rates of divalent ions such as Ca*", Mg’  and

Received date: July 28, 2015.

About the author: CHEN Hong(1991—), ORCID: http://orcid. org/0000-0002-9525-5262, female, master degree, the field of interest is
drinking water treatment, E-mail;:15062117507@163. com.

* Corresponding author, E-mail:yyuep@zju. edu. cn.



232

( ) 43

SO%™ are higher than that of monovalent ions such as
Na“and Cl .

by RO membrane, pH value of desalinated water

Besides, since CO, cannot be eliminated

would be lowered. As a result, the chemical stability
of desalinated water by reverse osmosis is poor-’.
Consequently, reverse osmosis desalinated water would
be corrosive to the water distribution systems. Mean-
while, low mineral content in the reverse osmosis de-
salinated water may pose a threat on human health™’.

Therefore, it is essential to adjust the water
quality of desalinated sea water by reverse osmo-
sis. Currently, three types of adjustment methods
for desalinated water exist: (1) methods based on
direct dosage of chemicals®™; (2) methods based
on mixing desalinated water with multiple water

13 (3) methods dissolving ores to offer

Ca’" and Mg’ for alkalinity™.

the former two methods, the last one is more cost-

sources-*

Compared with

effective for wide application. XIAO'! reported
that the water alkalinity, hardness, and pH value
of desalinated water were improved after the disso-
lution of limestone. Hence, the chemical stability
of water was accordingly improved. LIUY discov-
ered that the post-treatment of carbon dioxide by
dissolving calcite could improve the Ca*" content,
alkalinity and chemical stability of desalinated wa-
ter. BIRNHACK et al'® used a combination of dol-
omite and calcite to adjust the quality of desalina-
ted water. It was found possible to produce water
with the following quality criteria: alkalinity =75
mg e+ L' as CaCO,, [Mg*" ] =12.4 mg « L',
[Ca®" ] =48 mg « L™', pH=38. 17. Therefore,
dissolving ores can be used to adjust the water
quality of desalinated sea water.

In this paper, effects of maifanshi, dolomite,
limestone and an imported ore with different physi-
cal and chemical properties on the adjustment of
reverse osmosis desalinated water quality are com~
pared. Mechanisms of the effects on the adjust-
ment of reverse osmosis desalinated water quality
are explained. Also, references for the practical

applications are provided.

1 Materials and methods

Maifanshi, dolomite and limestone were pur-

chased from Zibo (Shandong Province, China),
Laizhou ( Shandong Province, China) and Shiji-
azhuang (Hebei Province, China), respectively. In
comparison, the imported ore purchased from Ger-
many was applied in practice, which was used to
compare the effects of water quality adjustment on
desalinated water with the other three natural
ores. Water quality parameters of reverse osmosis
desalinated water were listed in table 1.

In this experiment, the reverse osmosis desali-
nated water flowed through a tank filled with ores
of 50 mm in diameter and 250 mm in height. By
regulating the flow of influents, the retention time
was controlled at levels of 1, 3, 5, 10, 15, 20,
25, 30, and 60 min. Hardness, alkalinity, Ca*"
and Mg”" contents and pH value in the effluent of
different ores were recorded and analyzed. Then,

the dissolution effects of different ores were com-

pared.
Table 1 Water quality parameters of
RO desalinated water
Test items Test results
pH value 6. 70
Na®/ (mg+ L") 76
Ca®" /Cmg+ L1 0.19
Mg*" / (mg+ L") 0. 44
Cl"/ (mg+L™" 101
SO/ (mg+ LY 0.83
Turbidity/NTU 0.5
TDS/ (mg e« L™ 218
Total Hardness/ mg « L™ ' CaCO; 3.12
Total Alkalinity/ mg + L' CaCO, 3. 81
2 Results

2.1 Physical and chemical properties
2.1.1

As demonstrated in table 2, SiO, is the main

Composition analyses

component of maifanshi sharing a proportion with
Al O, for over 80% , while the total proportion of
calcium and magnesium are lower than 2%. Calci-
um content in the imported ore is close to that of

dolomite, while magnesium content is the highest
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among the four ores. Calcium content in limestone
is higher.
Table 2 Composition analyses of four

different ores

Main Content/ %
Imported
component Maifanshi ~ Dolomite  Limestone ore
Fe, O, 0.17 6.12 0.19 0.01
SiO, 60. 88 1.07 17.06 0. 96
Al O, 25.14 0.26 0.35 0.04
CaO 0. 85 30. 58 35.25 31.02
MgO 0.81 21.42 17.20 24.58
K,O 2.450 0.052 0.093 0.022
Na, O 0. 240 0. 080 0. 160 0.025
P, 0O 0. 060 0.013 0. 036 <0. 001
SO, 0.037 0.012 0.014 0.025
Cd <C0.000 2 <C0.000 2 <C0.000 2  <C0.000 2
Pb 0.003 9 <<0.001 0 <C0.001 0 <C0.001 0
Mn 0.030 0 0. 006 6 0.016 0 0.001 6
Ag <C0.000 5 <C0.001 0 <C0.001 0  <C0.000 5
Cr 0.024 <0.001 <0.001 0.017
Sh <C0.001 0 <C0.001 0 <C0.001 0  <C0.001 0
Be <C0.001 0 <C0.001 0 <C0.001 0  <C0.001 0O
Ba 0.048 0 <C0.001 0 0.003 0 <C0.001 0
2.1.2  X-ray diffraction(XRD)analyses

XRD analyses of maifanshi, dolomite, limestone

and imported ore are shown in fig. 1.
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Fig.1 XRD analyses of ores
As shown in fig. 1, the main phase in maifanshi is
SiO, while in limestone is CaCO,. Besides, CaMg
(COy), is the main phase in dolomite as iron is also
included and Ca(Mg, Fe) (CO; ), may be the possible
existing form. Furthermore, there is not only CaMg
(CO;);5 s but also CaCO,; and MgO in the imported

ore. Accordingly, it can be preliminarily judged that

the imported ore is an artificial ore made by semi-burnt
dolomite. The thermal decomposition of dolomite
follows the following two steps'®’ :
CaMg(CO;), —>MgO-+CaCO, +CO, 4, (1)
CaCOy —>CaO+CO, 4. (2)
The imported ore is made by controlling the
decomposition of dolomite in reaction(1), which re-
sults in uncomplete decomposition of CaMg(CO,), in
the dolomite.
2.1.3

Analyses of porosity and pore size of the four ores

Porosity and pore size analyses

are demonstrated in table 3.

As demonstrated by table 3, maifanshi with aver-
age pore size of 13. 72 nm has a porosity approaching
20% , which is higher than that of dolomite and lime-
stone. Maifanshi has been reported to have a porous

and spongy structure'!”’

, which has a large specific
surface area, excellent adsorption performance, and
can capture heavy metal ions, bacteria, nitrite etc. in
the water. In contrast, dolomite and limestone develop
high degrees of crystal growth, hard textures, low po-
rosities, and large internal pore sizes during natural
formation. The imported ore has a lower porosity than
that of maifanshi, but with smaller pore size and larger
surface area. The micro-porous structure of the impor-
ted ore is mainly caused by the release of CO, during

the process of burning.

Table 3 Porosity and pore size analyses of ores

Imported
Maifanshi Dolomite Limestone
ore
Surface area/
, 1.07 0.13 0.18  4.60
(m® + g M)
Pore volume/
0.004 4 0.0005 0.0007 0.018 4
(mL g
Pore size/nm 13.72 16. 84 15. 65 7.56
Porosity/ % 19. 36 0.36 0.37 7.55

2.1.4 Surface morphology analyses by SEM

The surface morphology analyses of four ores
by SEM are demonstrated in fig. 2.

As demonstrated in the fig. 2, the surface of
maifanshi is clastic and the surfaces of limestone
and dolomite are blocky, while the imported ore is

granular. There are few pores in limestone and
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dolomite and textures of both are hard. The
imported ore and maifnshi have relatively obvious

porous structures. The mean pore size of the

maifanshi

imported ore

imported ore is smaller than that of maifanshi,
which is consistent with the results of porosity

analysis.

dolomite

limestone

Fig. 2 SEM analyses of ores (X 30K)

2.2 Adjustment effects on RO desalinated water

2.2.1 Hardness, Ca®" and Mg*" contents in

effluents with varying retention times
Hardness, Ca*' and Mg®" contents in efflu-

ents varied with retention times, as shown in fig.

3, 4 and 5, respectively.
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Fig. 3 Hardness contents of effluents

As shown in fig. 3., hardness contents in ef-
fluents of four ores firstly increase with retention
time and kept in balance over time. This is mainly
because the driving force of mass transfer decreases
with the retention time and the dissolving rates of
minerals keep decreasing until reaching a stable
level. The dolomite and limestone in the experi-
ments are both raw ores, and the influents are not
acidified by H,SO, or CO,. As manifested in table
3, both of the ores have hard textures and low
porosities, so the contact areas for ores and the
desalinated water are limited. In spite of the high
porosity, maifanshi is low in calcium and magnesi-
um contents, resulting in the low hardness content
of effluent. The contact areas of the imported ore

and the desalinated water are expanded after artifi-

cial processing. In addition, the imported ore is
rich in calcium and magnesium. Therefore, the
imported ore has the highest hardness content in
the effluent followed by limestone, dolomite, and
maifanshi in order. When the retention time is con~
trolled at 5 min, hardness contents in the effluents of
maifanshi, dolomite, limestone and the imported ore
are 14.35,19. 30,21. 88 and 37. 68 mg « ™' CaCO,,
respectively. When the retention time is controlled
at 60 min, hardness contents in the effluents of
maifanshi, dolomite, limestone and the imported
ore are 20. 80, 26. 03,27. 04 and 44. 23 mg « L'
CaCO;,

osmosis desalinated water passes through a tank

respectively. In practice, the reverse

filled with ores. If the retention time is too long,

0 which is

the required tank volume will increase
especially unfavorable on board. Through tests and
investigations, the hardness content of tap water
ranged from 100 to 250 mg + L.™' CaCO; in North-
ern China, and 30 to 150 mg ¢« L™' CaCO; in
Southern China'*'™,

effluent of the imported ore is higher than any oth-

The hardness content in the

er ores, but there is still a certain gap compared
with the tap water.

As shown in fig. 4 and 5, Ca®" and Mg*" con-
tents in the effluents firstly increase with the re-
tention time and then keep in balance. Among the
four ores, Ca®" contents in the effluent rank as:
limestone™> dolomite™> the imported ore>> maifan-
shi. Mg®" contents rank as:the imported ore>> dol-
omite > limestone >>maifanshi. The main compo-
nents in maifanshi are SiO, and Al O;. The total
percents of calcium and magnesium are less than

2%, so the Ca’" and Mg?" contents in the effluent



of maifnashi are relatively low. However, when
compared with dolomite and limestone, the disso-
lution rate of Ca*" in maifanshi is higher due to
high porosity. Moreover, the decay rate of maifan-
shi is high in application, leading to short service
life. Limestone has a higher Ca*" content while the
imported ore has a higher Mg®" content in the
effluents, which corresponds to the high calcium
and magnesium contents in the raw ores. CaCO; in
the imported ore survives from burning while
MgCO; decomposes into MgO, so the Ca?" content
in the effluent is practically the same as that of
dolomite and Mg*" content is higher than any other
ores. Through tests and investigations, Ca®" content of
the tap water ranges from 10 to 50 mg * L™' in China,
mostly between 20 to 30 mg + L', Mg*" content of
the tap water ranges from 2 to 20 mg * L™' in
1T Although

Ca®" and Mg’" contents in the effluent of the

China, mostly 5 to 10 mg - L

imported ore have been improved, there is still a

certain gap when compared with the tap water.
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2.2.2  Alkalinity contents and pH values in

effluents with varying retention times
Alkalinity content and pH values in effluents

of the four ores vary with retention times, as dem-

onstrated in fig. 6 and 7.
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Fig. 6 Alkalinity contents of effluents
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As fig. 6 and 7 indicate, the relationship
between retention time and alkalinity content or
pH in effluent are similar. Alkalinity is defined as
the sum of all ions that can react with protons. Al-
kalinity=2[CO3~ ]+ [HCO; J+[OH J—[H" ].
Buffer capacity of the solution is defined as the
ability of resisting the disturbance from the chan-
ging acidity or basicity. Within a certain pH
range, the higher the alkalinity of the solution is,
the higher the contents of HCO; and CO3% are
included in it. Consequently, a buffer system of
the solution forms and the buffer capacity of the
solution is improved. Generally, the improvement
of the alkalinity in water can inhibit the corrosion
process of pipes. In the early times, it was thought
that HCO; could react with Ca’" to generate
CaCO;

precipitation, thus forming protective
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layers on the inner pipes, protecting pipes from

18] Later, some researchers put forward

corrosion
that when HCO; exists in water of pipes, iron
compounds with lower solubility than Fe(OH),
form, such as FeCO,"". Furthermore, consider
ing the relations between alkalinity and human
health, drinking of alkaline water in a long term
can balance the pH level in human body, which is
beneficial for human beings™’. The existence of
Al in maifanshi enables the bidirectional adjust-
ment of the pH in the effluent. The main compo-
nent in limestone is CaCQO, , which has a pH value
of 9. 84 in saturated solubility"®"). When dissolved in
water, CO? hydrolyzes as follow: CO; +H, O —
HCO; + OH . The production of OH

higher pH value and alkalinity of effluent. The main

results in a

component in dolomite is CaMg(CO, ), with a relatively
low dissolution rate. Moreover, there is iron in dolo-
mite, making the pH value of effluent lower than that
of limestone after hydrolysis. The existence of CaCO,
and MgO in the imported ore results in a higher pH

value of the effluent than that of limestone.

3 Conclusions

The physical and chemical properties of mai-
fanshi, dolomite, limestone and the imported ore
were analyzed. Adjustment effects of the four ores
on the quality of desalinated water by reverse
osmosis by were studied. The calcium content in
the imported ore and the magnesium in the lime-
stone is the highest among the four ores. Lime-
stone and dolomite have a similar porosity, which
are 98% lower than maifanshi and 95% lower than
the imported ore. The hardness, Mg*" and alkalin-
ity contents in the effluent of the imported ore are
50% higher than any other ores, while the Ca*"
content is lower than limestone and the pH value
of the effluent is too high. These observations
closely related to the decomposition of MgCO;, min-
erals contents and porosities in ores. However, there
is still a certain gap compared with the tap water.

Dissolving ores can be a useful way to adjust the

quality of desalinated water. The pH value, hardness.,

alkalinity and mineral contents in the effluent

increase significantly after adjusting. Chemical

stability of the osmosis reverse desalinated water is
also improved. Therefore, the tendency of the
pipes corroded by desalinated water is alleviated,
and thus is also more safe and healthy for drinking.

By comparison, the imported ore can adjust
the quality of reverse osmosis desalinated water
quickly, while the pH value of the effluent is too
high. In the future, emphasis should be put on the
development of modifying agents with large surface
area and fast dissolution rate, which can adjust the

desalinated water without acidifying the influent.
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