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Table S1. Physical and chemical properties of XAD resin.
	Constituents

	Matrix structure
	Acrylic

	Classification
	Nonionic Spherical

	Specific surface area (m²/g) 
	500

	Pore ​​volume (cm³/g) 
	0.6

	Pore diameter (Å) 
	100

	Apparent density (g/L) 
	~655

	Moisture holding capacity (%)
	61-69

	Harmonic mean diameter (mm)
	0.43 - 0.69

	Uniformity coefficient
	≦ 2.0

	Effective pH range
	0-14

	Polarity
	Intermediate polarity









Figure S1. (a) The chemical structure of XAD and (b) cluster model of XAD surface.




Figure S2. The relationship between impregnated amounts of 1 into XAD-7 and Pd(II) quantity adsorbed by 1-EIR. Adsorption condition: [HCl] = 0.1~8.0 M, [Pd(II)] = 100 ppm (= mg L−1), 1-EIR = 0.1 g, shaking speed = 280 rpm, shaking time = 24 h.


Figure S3. Effect of shaking time for Pd(II) adsorption capability of 1-EIR. Sorption condition: [HCl] = 0.1 M, [Pd(II)] = 100 ppm (= mg L−1) , 1-EIR = 0.1 g, shaking speed = 280 rpm, shaking time = 0 ~ 240 min.
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Figure S4. Photographs a) before and b) after Pd(II) adsorption by 1-EIR.



	
Figure S5. Nitrogen isotherms of XAD-7 (red circle) and 1-EIR (blue circle).
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Figure S6. Brunauer-Emmett-Teller (BET) plots and the sorption parameters of a) XAD-7 and b) 1-EIR.




Figure S7.  Pore size distribution of XAD-7 (red circle) and 1-EIR (blue circle) by Dollimore-Heal (DH) method.
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Figure S8. The sizes of a PdCl42- species and a CH4N2S molecule.
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Figure S9. Photographs a) before and b) after Soxhlet extraction of residual Pd(II) in 1-EIR.
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Figure S10. Full scan X-ray photoelectron spectroscopy (XPS) after Soxhlet extraction from the undesorbed Pd(II) in 1-EIR.
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Figure S11. 1H NMR spectra of the Pd(II)–extractant 1 complex flaked from Pd(II)-loaded 1-EIR.




Figure S12. a) Freundlich and b) Langmuir isotherms for Pd(II) sorption by 1-EIR. Sorption conditions: 1-EIR = 0.1 g, [HCl] = 0.1 M; [Pd(II)] = 500–700 ppm (= mg L−1); temperature = 293–313 K; shaking time = 24 h; shaking speed = 80 rpm.


Figure S13. Van’t Hoff plot relating ln K0 against 1/T for Pd(II) sorption by 1-EIR. Sorption conditions: 1-EIR = 0.1 g, [HCl] = 0.1 M; [Pd(II)] = 500–700 ppm (= mg L−1); temperature = 293–313 K; shaking time = 24 h; shaking speed = 80 rpm.



Figure S14. Pseudo-first-order for Pd(II) sorption by 1-EIR. Sorption condition: [HCl] = 0.1 M, [Pd(II)] = 600 ppm (= mg L−1), 1-EIR = 0.1 g, shaking speed = 280 rpm, shaking time = 0.5~12 h.



Figure S15.  Pseudo-second-order for Pd(II) sorption by 1-EIR. Sorption condition: [HCl] = 0.1 M, [Pd(II)] = 600 ppm (= mg L−1), 1-EIR = 0.1 g, shaking speed = 280 rpm, shaking time = 0.5~12 h.




Figure S16. Particle diffusion for Pd(II) sorption by 1-EIR. Sorption condition: [HCl] = 0.1 M, [Pd(II)] = 600 ppm (= mg L−1), 1-EIR = 0.1 g, shaking speed = 280 rpm, shaking time = 0.5~12 h.
.



Figure S17. Intraparticle diffusion for Pd(II) sorption by 1-EIR. Sorption condition: [HCl] = 0.1 M, [Pd(II)] = 600 ppm (= mg L−1), 1-EIR = 0.1 g, shaking speed = 280 rpm, shaking time = 0.5~12 h.



Table S2. Application of kinetic models to the sorption of Pd(II) ions onto 1-EIR at r.t.
	Kinetic models
	Parameters
	Pd(II) = 600 ppm
1-EIR

	Pseudo-first-order
	kad (min-1)
	5.0E -4

	
	r
	0.8650

	Pseudo-second-order
	qe (mg/g)
	25.00

	
	k (g/mg min)
	3.163E -4

	
	h (mg/g min)
	0.2164

	
	r
	0.9985

	Particle diffusion
	kp (mg/g min)
	5.9E -3

	
	r
	0.9999

	Intraparticle diffusion
	ki (mg/g min0.5)
	0.8773

	
	r
	0.9938







Figure S18. Selective Pd(II) sorption of 1-EIR from a simulated 13 metals containing HCl solution. Sorption condition: [HCl] = 0.1 M, [Metals] = each 100 ppm (= mg L−1), 1-EIR = 0.1 g, shaking speed = 280 rpm, shaking time = 3 h.




Table S3. Metal species and metal concentration in the leachate of automotive catalyst 
	Metal ions
	[M]aq,init (mg/L)

	Pd(II)
Pt(IV)
Rh(III)
La(III)
Ce(III)
Y(III)
Zr(IV)
Ba(II)
Al(III)
Fe(III)
	111.4
53.6
41.4
84.4
569.1
4.0
19.8
307.7
291.5
7.7





XAD-7 adsorption	-4.0099999999999999E-5	8.0199999999999998E-5	1.2E-4	8.0199999999999998E-5	1.6000000000000001E-4	1.6000000000000001E-4	2.41E-4	3.6099999999999999E-4	5.2099999999999998E-4	6.8199999999999999E-4	1.0399999999999999E-3	1.48E-3	2.33E-3	3.4499999999999999E-3	5.0899999999999999E-3	7.1799999999999998E-3	9.9000000000000008E-3	1.3599999999999999E-2	1.78E-2	2.24E-2	2.7300000000000001E-2	3.2000000000000001E-2	3.6299999999999999E-2	4.0099999999999997E-2	4.2999999999999997E-2	4.53E-2	5.5500000000000001E-2	6.3200000000000006E-2	6.8199999999999997E-2	7.1400000000000005E-2	8.5099999999999995E-2	9.3299999999999994E-2	9.7299999999999998E-2	0.114	0.1211	0.14169999999999999	0.1482	0.1699	0.17419999999999999	0.19719999999999999	0.224	0.25090000000000001	0.27739999999999998	0.30409999999999998	0.35	0.39779999999999999	0.44869999999999999	0.49819999999999998	0.54900000000000004	0.6	0.65529999999999999	0.6946	0.69799999999999995	0.76890000000000003	0.79549999999999998	0.84289999999999998	0.85160000000000002	0.88919999999999999	0.90159999999999996	0.9244	0.94259999999999999	0.95340000000000003	0.44090000000000001	3.5674000000000001	6.8554000000000004	10.315	13.955	17.785	21.808	26.038	30.475000000000001	35.128999999999998	39.997999999999998	45.07	50.331000000000003	55.741999999999997	61.253	66.781000000000006	72.245000000000005	77.516000000000005	82.444000000000003	86.921000000000006	90.838999999999999	94.15	96.852999999999994	98.986999999999995	100.61	101.84	106.2	109.17	111.08	112.31	116.61	118.98	120.2	124.46	126.33	130.84	132.32	136.62	137.66	141.94	146.66999999999999	151.27000000000001	155.72	160.07	167.66	175.27	183.8	192.35	201.79	212.28	225.15	235.46	236.39	259.64	270.23	293.97000000000003	299.08999999999997	325.83	336.15	360.46	383.78	400.66	XAD-7 desorption	0.93579999999999997	0.90980000000000005	0.89280000000000004	0.87860000000000005	0.85009999999999997	0.80640000000000001	0.79490000000000005	0.76880000000000004	0.73450000000000004	0.70109999999999995	0.63949999999999996	0.60029999999999994	0.54969999999999997	0.49990000000000001	0.44929999999999998	0.39989999999999998	385.21	361.12	345.81	334.35	312.31	286.74	281.74	270.62	257.76	247.17	229.95	221.09	210.4	200.35	189.06	180.54	1-EIR adsorption	-3.1599999999999999E-19	8.0699999999999996E-5	1.6100000000000001E-4	3.2299999999999999E-4	9.2800000000000001E-4	1.65E-3	2.98E-3	5.1599999999999997E-3	8.2299999999999995E-3	1.2200000000000001E-2	1.7100000000000001E-2	2.2499999999999999E-2	2.8199999999999999E-2	3.3500000000000002E-2	3.8300000000000001E-2	4.2200000000000001E-2	4.5100000000000001E-2	5.57E-2	6.3600000000000004E-2	6.9099999999999995E-2	7.22E-2	8.5699999999999998E-2	9.3600000000000003E-2	9.7799999999999998E-2	0.1137	0.1212	0.1399	0.14749999999999999	0.1673	0.17369999999999999	0.1946	0.19989999999999999	0.221	0.24629999999999999	0.27239999999999998	0.29880000000000001	0.34849999999999998	0.39900000000000002	0.44769999999999999	0.49780000000000002	0.54779999999999995	0.59809999999999997	0.64949999999999997	0.69940000000000002	0.75149999999999995	0.80210000000000004	0.85240000000000005	0.90280000000000005	0.95389999999999997	0.2228	3.2677999999999998	6.4668000000000001	9.8315999999999999	13.337	16.975000000000001	20.71	24.481000000000002	28.206	31.783999999999999	35.100999999999999	38.058999999999997	40.582999999999998	42.640999999999998	44.25	45.466999999999999	46.378	49.079000000000001	50.911999999999999	52.073	52.798999999999999	55.32	56.726999999999997	57.472999999999999	59.951000000000001	61.109000000000002	63.753999999999998	64.828000000000003	67.418999999999997	68.299000000000007	70.828999999999994	71.53	74.036000000000001	76.997	80.034000000000006	83.090999999999994	88.838999999999999	94.91	101.06	107.9	115.41	123.78	133.54	144.62	158.75	175.83	198.72	232.07	287.82	1-EIR desorption	0.89249999999999996	0.84460000000000002	0.79430000000000001	0.74570000000000003	0.69799999999999995	0.64990000000000003	0.59789999999999999	0.54979999999999996	0.498	0.44500000000000001	0.39839999999999998	0.34989999999999999	0.3009	0.27529999999999999	238.97	207.01	182.69	165.68	151.74	140.15	129.58000000000001	121.29	112.94	104.05	98.156999999999996	92.516000000000005	86.695999999999998	83.844999999999999	p / p0


Va / cm3 (STP) g-1 




XAD-7	19.242000000000001	16.527999999999999	14.318	12.395	10.763999999999999	9.3031000000000006	8.0233000000000008	6.9551999999999996	6.0533999999999999	5.2771999999999997	4.6025	4.0205000000000002	3.5226000000000002	3.0903	2.7141999999999999	2.3877000000000002	2.1044999999999998	1.8581000000000001	1.6432	1.2065999999999999	8.3381000000000007	9.5588999999999995	12.042999999999999	13.988	16.548999999999999	17.148	21.824000000000002	25.276	27.937999999999999	35.018000000000001	36.045000000000002	42.786999999999999	53.140999999999998	56.523000000000003	65.792000000000002	71.784999999999997	77.850999999999999	87.075000000000003	101.21	125.86	1-EIR	19.242000000000001	16.527999999999999	14.318	12.395	10.763999999999999	9.3031000000000006	8.0233000000000008	6.9551999999999996	6.0533999999999999	5.2771999999999997	4.6025	4.0205000000000002	3.5226000000000002	3.0903	2.7141999999999999	2.3877000000000002	2.1044999999999998	1.8581000000000001	1.6432	1.2065999999999999	4	8.1493000000000002	10.852	14.484999999999999	14.771000000000001	15.061999999999999	20.41	21.294	25.488	28.765999999999998	33.159999999999997	36.274000000000001	43.212000000000003	48.152000000000001	52.966000000000001	56.856000000000002	61.411000000000001	65.882000000000005	71.478999999999999	75.105999999999995	rp / nm 


dVp / drp 




a)
293 K	1.5833284004068	1.9567451849853901	2.237967437659262	1.500286801021512	1.925280627220471	2.2063751628670261	1.182699903336043	1.710055278291978	2.096603003084557	1.558334780500473	1.612232553201387	1.6304597424594871	303 K	1.5833284004068	1.9567451849853901	2.237967437659262	1.500286801021512	1.925280627220471	2.2063751628670261	1.182699903336043	1.710055278291978	2.096603003084557	1.5662681412957571	1.6188908562722839	1.642629698800077	313 K	1.5833284004068	1.9567451849853901	2.237967437659262	1.500286801021512	1.925280627220471	2.2063751628670261	1.182699903336043	1.710055278291978	2.096603003084557	1.5852012033284459	1.6519631673716639	1.6767743656514369	log Ce

log qe


b)
293K	38.311433333333291	90.520133333333305	172.96866666666659	1.104545187643126	2.3332946112624868	4.1748375018202788	303K	38.311433333333291	90.520133333333305	172.96866666666659	0.85891985157934603	2.0326179142622141	3.6845204004490162	313K	38.311433333333291	90.520133333333305	172.96866666666659	5.4233336927256702E-2	1.19078591498941	2.6956385376285921	Ce / mg L-1

Ce / qe  / mg g-1



lnK0	
3.4129692832764505E-3	3.3003300330033004E-3	3.1948881789137379E-3	4.8591144864550131	4.770430354853751	3.6296335689032269	1/T


lnK0



log(qe-qt)	y = -0.0005x + 1.4309
r = 0.865
30	60	120	180	240	300	360	420	480	540	600	660	1.4854168878150524	1.4424045057377215	1.3728655346551024	1.3170557731523536	1.2750094322323584	1.2392494134767245	1.2139538246573998	1.2098386041993618	1.2034000860912273	1.1903401037885968	1.1821720417717752	1.1592407481979672	t (min)

log (qe-qt)


y = 0.04x + 4.6209
r = 0.9985
30	60	120	180	240	300	360	420	480	540	600	660	5.6588291882409534	7.3306617143974186	9.7699780786116879	11.898309118070888	14.081945186028364	16.188214979494926	18.448695331327038	21.354565873115746	24.112726998719008	26.496955303561879	29.029682850714853	30.768011524018863	t (min)

t / qt


y = -0.0059x + 0.7311
r = 0.9999
30	60	120	180	240	300	360	0.56051875262965023	0.36856262532145678	1.0824492350439628E-2	-0.34396335509066323	-0.68164855711138539	-1.0561017470714023	-1.4119686224785477	t / min

ln (1 ̶̶̶ Ct / Ce)


y = 0.8773x + 0.5529
r = 0.9938
5.30145	8.184800000000001	12.282524999999998	15.1282	17.043099999999999	18.532	5.4772255750516612	7.745966692414834	10.954451150103322	13.416407864998739	15.491933384829668	17.320508075688775	qt

t 1/2


S%	Al(III)	Ba(II)	Ce(III)	Cu(II)	Fe(III)	La(III)	Ni(II)	Pd(II)	Pt(IV)	Rh(III)	Y(III)	Zn(II)	Zr(IV)	0	0	0	0	0	0	0	97.446808510638292	0.21373749149908974	2.5662081708068158	0	0	1.2827179753856732	Metal ion


S %



0.1	1	2	3	4	5	6	7	8	99.82723693237746	99.815802372728001	99.803754160595588	99.747676227512372	99.746808524439516	99.754084882856517	99.701038697332962	99.700103904936427	99.629355134060376	S%	HCl concentration / M 


S %



S%	0	10	20	30	40	50	60	75	90	120	150	180	240	0	37.837575920399921	61.537534022253993	70.175524446448733	75.244368537370903	81.521446413550692	85.063183043724393	89.768233149133252	93.149865055463295	96.710424348185043	98.963982474410585	99.57283145433324	99.850276398989308	Shaking time / min


S %
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