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Abstract 

Growing population and climate change have significantly increased the demand for drinking 

water. Desalination plants are used to convert seawater into fresh drinking water using the 

reverse osmosis process. In sea water reverse osmosis (SWRO) process, water from a 

pressurized saline solution is separated from the dissolved salts by flowing through a water-

permeable membrane. This process needs to dispose the waste containing concentrated brine. 

The concentrated brine from these plants contributes approximately 40% of their output and 

must be dealt immediately. Disposal of this waste directly into the sea has significant damage 

to the marine environment and it must be addressed. Conventional approaches to the problem 

presented by the concentrate involve treating the concentrate and then discharging the treated 

water into open water bodies or reusing it. However, these approaches typically have high 

operational costs, a necessity for large-scale operations, low productivity, and are chemically 

intensive. Consequently, an alternative approach is to adopt zero liquid discharge with resource 

recovery, generating additional revenue as well as protecting the environment. 

Seawater contains economically valuable metals, such as Lithium (Li+) but these are present at 

relatively low concentrations compared with Sodium (Na+), Potassium (K+), Calcium (Ca2+) 

and Magnesium (Mg2+) and are currently not recovered commercially. Recovering lithium 

(Li+) from seawater is a sustainable alternative to meet its high demands. Li+ recovery from 

seawater must be enhanced to attain economic efficiency. 

In this work, the potential of enhancing Li+ recovery from seawater is evaluated by firstly 

treating and concentrating seawater to produce fresh water while increasing Li+ concentration 

using direct contact membrane distillation (DCMD) and reducing competitive ions; and 

thereafter to develop an efficient novel adsorbents, acid treated manganese oxide ion sieve 

(HMO) for converting waste brine from desalination plants into a desirable resource through 

extracting economically valuable lithium (Li+)  

Membrane Distillation (MD) ia an alternative membrane approach for treating concentrate. 

MD is a thermally driven membrane process based on mass transfer through a microporous 

hydrophobic membrane. The driving force is normally a temperature gradient between the 

heated side (feed) and cold side (permeate) of the membrane. The hydrophobic nature of the 

membrane prevents liquid intrusion into the pores, so only water vapour is transported through 

the membrane and condensed on the cooling side (permeate). MD has features that make it 

attractive for seawater concentrate treatment: (i) the low thermal requirement (45–60°C) allows 
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integration with alternative thermal sources such as solar, making it a sustainable process; (ii) 

it can produce high-quality fresh water suitable for reuse; (iii) it can concentrate seawater up 

to its saturation limit, reducing volume while increasing concentrations of valuable metals for 

selective recovery.  In this study a lab scale direct contact membrane distillation (DCMD) was 

used to treat and concentrate seawater and pre-treated seawater (caustic soda ash and oxalic 

acid). DCMD performance with seawater and pre-treated seawater as feed solutions achieved 

an initial permeate fluxes of 25.5±0.8 L/m2h (LMH) with high quality permeate/freshwater 

characteristics (> 96% ion rejection). However, DCMD operated with seawater and caustic 

soda pre-treated seawater exhibited rapid decline of permeate fluxes (86-90%) by a volume 

concentration factor of 3 times onwards. Typically, seawater, in its original condition contain 

Ca2+ in the range of 350 - 400 mg/L. It is highly challenging for MD to treat original seawater 

due to the inevitable development of Ca2+ based scaling in thermal condition, namely, CaSO4. 

DCMD achieved enhanced water recovery upon pre-treatment with oxalic acid (88–91%) 

compared to caustic soda ash (65–68%) and without pre-treatment (47–51%). Caustic soda ash 

required Na+ addition in alkaline condition for Ca2+ removal, while oxalic acid removed Ca2+ 

in acidic condition without any inorganic ion addition. The low ion concentration in acidic 

condition upon oxalic acid pre-treatment enabled DCMD to concentrate seawater to high 

levels, increasing Li+ concentration by 7 times. 

In Li+ solution, HMO achieved a maximum adsorptive capacity of 17.8 mg/g in alkaline 

condition. Multiple cycles of desorption and regeneration of HMO showed only 7–11% decline 

of Li+ uptake and minimal Mn dissolution, which, established HMO’s reuse capacity. Selective 

Li+ mechanism is attributed to H/Li exchange as well as high negative surface charge of HMO. 

In seawater, Li+ uptake by HMO reduced by 44–46% due to the presence of Mg2+. Seawater 

with minimal Mg2+ was favourable for enhancing Li+ uptake by HMO. Seawater treatment in 

stages – divalent pre-treatment and concentrating seawater, followed by HMO, provided a 

favourable scenario for attaining high. 

quality water, selective Li+ recovery, and other resources – Ca2+ and Mg2+. The drawback of 

this method is HMO can only recover Li at high pH (11-12). Therefore, in this study, a new 

HMO with metal organic framework -ZIF-8@MOF was synthesised for the first time. The ZIF-

8@MOF showed higher Li+ adsorption capacity compared to HMO. More importantly, ZIF-

8@MOF can selectively extract Li+ in seawater at its original pH (7.5-8.0). This is favourable 

in attaining selectively Li+ recovery from seawater without the need for pH adjustment to 11 

with chemical addition (NaOH).
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