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Supporting Notes

Note S1

There are generally two ways to express the water vapor content in the air: one is by the partial pressure of water vapor, and the other is by relative humidity, which represents the percentage of the current water vapor partial pressure relative to the saturation vapor pressure of water at a given temperature. As the temperature increases, the saturation vapor pressure of water rises continuously (as shown by the blue line), and the saturation vapor pressure of salt solutions also increases (Fig 1c). However, the relative humidity does not significantly change with temperature (as shown in Supplementary Fig. 1). In fact, measuring water vapor partial pressure is quite challenging and varies significantly with temperature, making it difficult to control, measure, and describe the water vapor content in experiments. In contrast, relative humidity is easier to measure, and the equilibrium relative humidity of different salts does not vary significantly with temperature. Therefore, relative humidity is used in experiments to describe the water vapor content in the environment.
[bookmark: OLE_LINK1]
Note S2

[bookmark: _Hlk177763816]The separation and purification of different ions are achieved by controlling the relative humidity. Specifically, the selectivity of ions is essentially determined by the ion activity product between different salts. When the humidity is controlled to allow only lithium chloride to deliquesce, the resulting lithium chloride solution is nearly saturated. According to inductively coupled plasma optical emission spectrometry (ICP) results, at 25°C and 40% relative humidity, the deliquescence concentration of lithium chloride is 7.35 mol L⁻¹, while the concentrations of saturated sodium chloride and saturated potassium chloride are 6.14 mol L⁻¹ and 4.58 mol L⁻¹, respectively. This difference inhibits the dissolution of impurity salts, thereby allowing the purification of lithium chloride. Additionally, the lower the relative humidity, the higher the concentration of the deliquesced solution, and the better the purification effect.

Note S3

Due to the composite sorbent being significantly larger than the maximum field of view that can be captured by an electron microscope, it is not feasible to image the entire cross-section of the beads in a single shot. To address this, we maintained all parameters constant while capturing electron microscope images and element distribution maps. We took an 88 grid of images at 500 μm intervals in the x and y directions. Subsequently, we used Python to stitch the collected images together, resulting in a clear and complete view of the composite sorbent (Fig. 3a).

Note S4

[bookmark: OLE_LINK2]Currently, compared to the industrial evaporation pond method for lithium extraction, excluding labor and equipment costs, the cost is approximately $7,087 ton-1 LCE1. In 100 cycles, an average of 1 g of sorbent can extract 11.49 g of Li, requiring approximately 72 m3 of air with 40% RH. According to data from the China Meteorological Data Service Centre2, the average daytime relative humidity in Tibet, Xinjiang, and Qinghai (the main distribution areas of salt lakes) is below 40%. This means that ambient air can be directly used during lithium extraction, so the main energy consumption comes from air transportation. Using industrial fans to transport air is highly energy-efficient. Large industrial fans can move 30,000 m3 of air per hour with a power consumption of only 0.37 kW, resulting in an energy consumption of just 0.077 kWh kg-1 Li. The industrial electricity price in China is about $0.087 kWh-1, resulting in an energy cost of approximately $6.699 ton-1 of Li extracted. Additionally, the industrial prices of PAN, CS, and DMF are $1,269 ton-1, $1,551 ton-1, and $578 ton-1, respectively. Extracting one ton of lithium requires 58.00 kg of PAN, 29.00 kg of CS, and 548.10 kg of DMF, leading to the cost of raw materials is $435.38 tonLi-1 for lithium extraction (equivalent to $81.89 ton-1 LCE), excluding labor and equipment costs. 

Note S5

Accurately predicting the vapor pressure of a single-solute solution is quite challenging. The current approach primarily involves experimentally measuring the vapor pressure at different temperatures and concentrations, fitting the obtained data, and using empirical formulas to predict the solution's vapor pressure. Consequently, theoretically predicting the vapor pressure of a binary solute solution becomes even more difficult. Therefore, we performed theoretical calculations of the vapor pressure of LiCl and NaCl mixed solutions using an ideal model—Raoult's law:



Psol is , PLiCl is the vapor pressure corresponding to a lithium chloride solution with the same concentration as the mixed solution, XLiCl is the mole fraction of lithium chloride, PNaCl is the vapor pressure corresponding to a sodium chloride solution with the same concentration as the mixed solution, XNaCl is the mole fraction of sodium chloride. We know that the relative humidity multiplied by the saturation vapor pressure of water gives the partial pressure of water vapor. Therefore, the relative humidity can be expressed by the following relationship:



Although the actual humidity of the solution may exhibit positive or negative deviations from the theoretical calculations, this does not affect the overall trend. Therefore, qualitative analysis can still be performed based on the calculated results.
















Supporting Figures:
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Supplementary Figure 1 | The states of LiCl, NaCl, KCl and MgCl2 under different relative humidity. At 25 °C, the relative humidity of 11-33% can selectively extract LiCl, 33-75% can selectively extract MgCl2 and 75-84% can selectively extract NaCl
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Supplementary Figure 2 | Humidity absorption of LiCl, NaCl, KCl and MgCl2. a, At low humidity (RH < 33%), LiCl absorbs moisture and becomes a LiCl solution, while NaCl, KCl and MgCl2 remain solid. b, When the RH is controlled between 33% and 75%, LiCl and MgCl₂ are in a liquefied state, while NaCl and KCl remain solid.
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Supplementary Figure 3 | Confusion matrix. The performance of the sklearn's linear model on test set is presented.
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Supplementary Figure 4 | Performance of linear regression model in the training and test sets of polymer contact angles. The contact angle between polyacrylonitrile and chitosan was predicted.
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Supplementary Figure 5 | Contact Angle of a, polypropylene, b, chitosan, and c, polypropylene-chitosan composite film
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Supplementary Figure 6 | Four kinds of polymer adsorption spheres were synthesized. a, Polyacrylonitrile adsorption ball b, Polyacrylonitrile-chitosan composite adsorption sphere c, Polyacrylonitrile-ethyl cellulose composite adsorption sphere d, Polyacrylonitrile-cellulose acetate composite adsorption ball
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Supplementary Figure 7 | SEM images of the surface and different cross-sections of the sorbent (a) Surface of the sorbent (b) Cross-section near the surface of the sorbent (c) Cross-section near the center of the sorbent (d) Pore walls of the sorbent.
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Supplementary Figure 8 | Pore diameter distribution measured by BET nitrogen adsorption.
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Supplementary Figure 9 | a, SEM Mosaic image of section of polyacrylonitrile-chitosan composite adsorption sphere before lithium extraction. EDS mapping of b, nitrogen c, oxygen
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Supplementary Figure 10 | Absorption rate of water and lithium chloride solution by polyacrylonitrile-chitosan adsorption spheres
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Supplementary Figure 11 | The large depth of field (LDF) mode of the JSM-7800F captures the SEM and EDS of the complete adsorption sphere. Due to the large size of the adsorption ball, it is difficult for SEM to photograph the complete morphology of the ball. Although LDF mode can see the complete morphology, its resolution is relatively low.
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Supplementary Figure 12 | EDS mapping of surface of adsorption sphere after lithium extraction. Chlorine is uniformly distributed on the surface and covers the signals of C, N and O, and a small amount of Na is scattered on the surface
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Supplementary Figure 13 | EDS mapping of the middle of the surface of adsorption sphere after lithium extraction.
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Supplementary Figure 14 | Enlarged EDS view of the middle area of the surface of adsorption sphere after lithium extraction. NaCl crystallizes in a cube form and does not form a solid solution with lithium chloride
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Supplementary Figure 15 | Positive mode mass spectra of TOF-SIMS
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Supplementary Figure 16 | Negative mode mass spectra of TOF-SIMS
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Supplementary Figure 17 | TOF-SIMS two-dimensional imaging at the cross section position of the adsorption sphere near the surface.
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Supplementary Figure 18 | a, XRD of recovered powder after lithium extraction. b, Recovered LiCl powder
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Supplementary Figure 19 | SEM and EDS images of recovered powder after lithium extraction a, SEM image b, EDS distribution of Sodium c, EDS distribution of Chloride d, EDS spectrum.
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Supplementary Figure 20 | a, Effect of the ratio of mixed salt to adsorption ball on adsorption capacity and purity b, Recovery rate, sorbent utilization
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Supplementary Figure 21 | a, Purity at different humidities b, Purity at different adsorption time.
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Supplementary Figure 22 | The change of adsorption capacity of adsorption ball with time in 8.5 M LiCl solution a, adsorption for 7200s b, figure S22 zoomed in at 0-600s.
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Supplementary Figure 23 | In a LiCl-NaCl mixed salt with a lithium ion content of 3.33% under 40% RH, the water absorption rate of LiCl and the mass fraction of the resulting LiCl solution.
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Supplementary Figure 24 | Isothermal adsorption of adsorption spheres in 8.5 M LiCl solution
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Supplementary Figure 25 | IR of precursor，adsorbed spheres before and after lithium extraction. There was no significant displacement of the peak before and after preparation of the sorbents, before and after absorption of the composite adsorption ball and after extraction of lithium
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Supplementary Figure 26 | The changes of adsorption spheres before and after 100 cycles a, before lithium extraction b, after 100 cycles lithium extraction













Supplementary Table 1 | Aluminum-based adsorbent
	Equilibrium time (h)
	Adsorption capacity (mg g-1)
	Adsorption rate (mg g-1 h-1)
	Recycle
	References

	2
	7.3
	3.64
	12
	3

	4
	6.3
	1.58
	8
	4

	4
	3.0
	0.75
	Not mentioned
	5

	2
	9.33
	4.67
	Not mentioned
	6

	36
	5.69
	0.16
	Not mentioned
	7

	Average
	6.3
	2.16
	10
	















Supplementary Table 2 | Manganese-based adsorbent
	Equilibrium time (h)
	Adsorption capacity (mg g-1)
	Adsorption rate (mg g-1 h-1)
	Recycle
	References

	24
	23.5
	0.98
	Not mentioned
	8

	72
	40.9
	0.57
	Not mentioned
	9

	72
	28.3
	0.39
	6
	10

	24
	26.9
	1.12
	Not mentioned
	11

	24
	27.2
	1.13
	10
	12

	120
	59.4
	0.50
	Not mentioned
	13

	12
	39
	3.25
	Not mentioned
	14

	12
	37.6
	3.13
	Not mentioned
	15

	24
	33.1
	1.38
	5
	16

	12
	27.7
	2.31
	5
	17

	48
	31.7
	0.66
	20
	18

	Average
	34.11
	1.40
	9.2
	









[bookmark: OLE_LINK3]Supplementary Table 3 | Titanium-based adsorbent
	Equilibrium time (h)
	Adsorption capacity (mg g-1)
	Adsorption rate (mg g-1 h-1)
	Recycle
	References

	24
	32.6
	1.36
	Not mentioned
	19

	24
	21
	0.88
	Not mentioned
	20

	8
	27.4
	3.43
	4
	21

	24
	34.2
	1.43
	8
	22

	8
	33.4
	4.17
	Not mentioned
	23

	24
	34.4
	1.43
	5
	24

	24
	52
	2.17
	5
	24

	24
	39.5
	1.65
	6
	25

	48
	34.8
	0.73
	9
	26

	Average
	34.36
	1.91
	6.14
	











Supplementary Table 4 | Lithium extraction by electrochemical electrode
	Electrodes
	Adsorption capacity (mg g-1)
	Adsorption rate (mg g-1 h-1)
	Recycle
	References

	Ag//LFP
	38.9
	3.86
	Not mentioned
	27

	LiMn2O4 film electrode
	26.1
	13.05
	Not mentioned
	28

	λ-MnO2-PPy-PSS
	35.2
	17.10
	100
	29

	LiFePO4
	38.9
	2.13
	Not mentioned
	30

	NiHCF//-MnO2
	14.9
	14.88
	100
	31

	NMMO/AC
	14.4
	21.10
	30
	32

	LiMn2O4 flow-type system
	24
	9.60
	Not mentioned
	33

	LiMn2O4@carbon fiber
	12
	2.40
	100
	34

	AC//LNCM/rGO
	13.8
	20.76
	30
	35

	LiMn2O4/Zn
	4.9
	0.98
	10
	36

	Average
	22.31
	10.59
	61.67
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