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SEM/EDS
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I
|
B |
I
B [FRTEEEG] Lo |
MdTE ””(mg ex) HRTESEY I Element® Weight %< MDLe  Atomic %
: Na K= 0.00< 0.00¢ 0.004
Mn 144228, 42 14, 4228% I
Mi 23868, 35 2. an63% | g & @il B
Cu 13707, 59 1. 3703% 1 ALK 433 0.13= 523
Al B339, 59 0. B6=40% : ke s S0 oar
Fe 3910, 31 0. 3910% | I ' : :
Cao 4314, 69 0, 4315% : Cl K= 0.00< 0.00< 0.00
S 2372. 57 0. 2373% : e eml e
in 1108, 36 0. 1108% 1
- 5. 32 0. 0009% I Scke 0.80< 0.114 0.914
Na 65. 57 0. 0066 | ok oonc oo ooo
s 147, 78 0. 0148% 1 . . : :
_ Mn K= 69.78° 0.194 65.17=
Or 179, 50 0, 01759% : 260115 | XJL | Area 1 | Live Map 1
Ca 37.95 0. 0038% : o) Feko 1460 03 135
Cd 314 0. 0003% : 360K Co k= 1,63 0.272 1.422
ALE 31.5K e .
5 gEf‘EEFlSCEI Ej\:’11862 mg. : W Ni K- 941- 032 823°
____________________________ I 225 & Cuke 5772 0.34= 4.66°
Peak Table : : 1584 Coz..
Name Atomic% : N ZnK- 041~ 039 032
Al2p 2334 I L A R cdLe 0.00- 0.00¢ 0.004
XPS Cls 39.14 ! ask Mﬁ G S & oM W g el e e
CuZp 3.88 I %0 13 26 39 52 65 78 9. 104 17 130
anp 23.04 1 Det: Octane Elect Super C5
Ni2p 883
ScZp 176
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Date f Time © #1 167.079 (Aq & In 213.855 (Ag & Co

7 : ( ( 1.604 (Aq & W 257,610 (g & Cr 203,560 (Aq & Co 32475 Y TR
1] 4/2/20 z 0.000 0.000 0. 000 0.000 ] 0,000 ] uuo' ; . ﬂ’m . “ (A todemido il
2| arz/20z6 2 . | | ] | e | it S o
2] a/2/z026 2. [STD sl [ 343 (5.000) 2221 (5.000) 5124 (5 000)[ 4096 (5.000)] | O.725 (5.000)]  4.979 G.oo0)| 1607 (Gooo)| 4
3| 4/2/2026 2 [STD |2 8871 (10.000)| 17.987 (i0/000)| 10385 (10.000)| 9,153 (10)000)| 4956 (10.000)] 10,106 (iD.000Y| B 018 (in.oool| o o {w am}
q] 47272026 2 [5TD [s2 ] T 182017 (20,000} 20.800 (20.000)| 20,433 (20.000)| 29.338 (20.000)( 20335 (20,000)| 33 445 (20.000)| @ 20,153 (20 000)
§| 4/2/2026 2. |51D =4 ~ 35,279 (50.000)| 50488 (50,000)| 50,170 (50.000)| 50 991 (50.000)|l 50473 (50.000)]  47.058 (50,000)| 49,960 (50, Go0)|
6] 4/2/2026 2:[STD |5 00.000] 72.297 (100.000)] 99 552 (100.000)| 99:956 (100.000)| 95405 (100.000)] 99,646 (100.000)| 99 139 (100,000)| 100042 (100,000 101 (10000 07 |

Calibr T s e W i 1 1 : T
"\J// _,-!"/ il .?// $ q / |// s i

& Wo Date / Time Labe 7 Al 167.079 (u 5 Zn 213.856 (Aq 5 Co 236,892 (Aq & b 220,553 (Aq + Fe 259.940 (Aq & CA 226,602 (Aq &= Mg 279,553 (Aq & Hi 231604 (ha B M 257.610 (Aq + Cr 283.563 (M + o326 756 uuq & Se 361394 (m B Ca 393,366
4272026 2: | 3 0.396 16,463, 73 0,070 1,495 467 6. 07] 095. 7 I 1
5 7 |1 = 0,045 1,619,623 | 0043 166.505| 1225

BEI000E | BRE000 | EorE | RBRE | REkE | mEANBCNEREdE, KENMEA
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1495.5 166.5¢ 14955 1665 158025 | Fy &5 .

8.3: 12 8.3 12: 10.15 ‘

2096.7- 228.3: 2096.7- 2283 218985 | —RTEIL S, A N—IRICP-MSH iR Z 0
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16.2: 1.7 16.2: 17- 16.6 WUAHE o
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TR RISIRN IS, 48
SR REERET, B
FEaHRRBL " BEESSRE,

e =l

X % D2EHPA, HDEHP, HDEHPA

M M AR M, ERCASESS: 208077, B
#-60°C, RRISED 073 (25/25°C) , HFHI1 4420 (25°C) , WhAN200°C(1.33kpPa), [
1. AULSRTRENE. ENESLISE RSl N R, 52

Hit5R wR o sl
o\ P
/\]/ '\‘n-’v\o 19720, HBAEEET MELES—SBRtisnl, XA EFEReRE, sBlERk. CAMTHTE

SR

|5 p204paisamE (13)

HAZRGFZEE EERAZNEANE, BY 7FSRENE RN BREREE, ESH1008 M, kgt TE
ETZNE, THTHINRREREN, SSHsBAETESRITERESR, KB THESSN4. Tl FEMRHDEHPAEIE
#EtHLa, Ce. Pr. Nd. Sm. GIEHHATE. HDEHPETEEEEN, ERERP204.

P507

200kg, FHREETHSBNGE, EEEESAIR.

P-507, (hFR2-7 ECERER2- 7 ECERE, W &2-Ethylhexylphosphoric acid mono-2-ethylhexyl ester, 57T,
(C8H17)2PO3H, - FE306.4, CASEFS14802-03-0, ZIE AL BHAEDEFEBIRAER, BE0.930-0.960g/mL
(20°C) , AT WR150°C, RER170°C, ERE175+5mgKOH/g, Ir>EEE1 4480-1 4520,

(ERBMRESNN, PSUTETRTRLITE (. %) REGLENENSE, EasTNEETEn. R
ma (2 TWRmmE»o3.0%, (RRF295.0%, SHEEE5R, “RBaE<x 0%, FREHEEMNEN195kgs

17543 (mgKOH/g)

hx& 2-ZECEREE) /BECEHRE W &=
EINECSERS 238-865-3 gl &
# oA 3006°C (760mmHg) R
kB ABETK, BETLE. R, EEFaElET M E
B E 0.930-0.960g/cm3 (20°C) ERREEE
7 M FEEXEREARRRAE B E

UN No. 2625

PR BN E 317 2028
ﬁ o {1 methyihaphd] methyl phosphonate AR
H,C P—0OH noH PASORERERY AWERTREn. FEEAOnmNn. FRART
é T CyrHy 0P TR RS
H‘C\/\/L./CH‘ .
1, EENTRESME, 8. 1 i B 6 B R EYamnsnsEnE,

195°C (FeAlzx=7F0)

ERAR, 5, TREE
35 (25°C) /mPas

p-507HUHLARE] (23K)

32°C

ARt

RLSREL: 64274R

P350 .
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W (24 4-=TEMEME) BB ({ desooctylphosphinic acid) , CASS: 83411-71-6, EINECSE: 200-445-7, HREEN
Cya neX272 Cyanexa72, R—fBHERMBEESEN, B0l . SaBMmE, EOTFRSKENS0EE, RESSRTN L, BT
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83411716
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B (15K)
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BE= TERE—MEILEY, HERNCHrO0PR(CH POy, B—FAR, NPREARITEE, TERESH, 15
{ENRETEE, BEAER. SHBRMBSZENEEY, BEEBNEIANS, RNk, MTEENEmRD. M58
Faapps, SHEATUAEREN, SENECHREHNELTFEErREmLESE. reaTeakgs, (110




Versatic acid 10 (¥ZE)

FEBE—EToRRET LR TEEENEBRE SRR, F¥0AC10H2002, FF
HiE T RITaREE, E0.911-0.913g/cm®, #ES262.1°C (760mmHg) .
EREENMEIREER, FMAMENEERELE. RREEnEERaREE.
BSEER. EENsSLEMRIESIEIN,
Yk, . BEEES, TENETRRRAA. PVCRE. SHEE T
B, BREENESH265, TeFRNEas26ise/sarsse, 0

BN ETCA-12, CA-1003fk TLAX R

ARE BRI R R AR .

£172.26, CASEHE26896-20-8,
[AeE118.6°C, Z55/%0.00329mmHg (25°C)
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HEARTERT AT TEEEcRE U gnorskesnrepanEm, wesiosEsksn B,

>

o g 2R B

Cextrant 230 (2-Z2&ECE) HBREREREKR —

BRI ILER B F 4 A9 Cextrant2 S0ZEER A SEIM NS L 4 7=

W, RPN ER A HICextrant230 R ﬁ-sh;.
REAHSRESHEN T i)

I TAUAHRNERRNE™, EEFITIEE. PR ESH
F ;‘MI!; “I.ACestlranIZED 'J“..{I ‘r‘l#/ll"!.ﬂ"l FHG LR R TR
SRR T G R

PEFEAR

bR AR
T BT R
(—HAET 2R

], e b]h’}‘ﬁ.?gi’ Hn

‘Tn- a I‘31993-I' i N SRATED T B AR

L Zar i, 18| IHI"» i T l#‘uj'{ll‘r‘l!“li‘:"‘ﬁﬂ\f iR,
T 2Rk e R I TR L AR 2 S T,

=R TAERERTAIRORR A T b e T SRR, SRkt anih T AEREN LR R e

PR R L

it
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=% o 30 cEE D O o R
Zfﬁ%iﬁg% T U RPO, Cyanex923

SEESHEERTREENASOMNENREEY, TEEATLAENETETLES BN, BIERATE
FOEEAROEERE, BERCEEIEETEENES, DasTEnED, BETSHT isHASSYTHLEE TN
S, EEmAals. aBgsasR P W, maemmst, BAMRENRT T ks R
Tregms 1,

Selective extraction and recovery of scandium from
sulfate medium by Cextrant 230 - ScienceDirect




ARFERFIE ZRE SRR, HAUH B AE AT 2025 S 4)CHL Towards sustainable
scandium production: Advances in extraction and solvent extraction technologies!, H 3 4
b, R BERRACHUT b R F A P204 BOREHRALE] 4R . P2o4 (HAD @ W TERL—
Bk (HaA) INARRMERFR (i) F. ZReo TRIRE T2 DI MAE
&, (NSRRI RSP AMIREF I, Fit, P2oq4 % Sc KR
— Sciiy + 3Ha Ag(org) = Sc(HAs)y () +3H [
A, — e T PR RS AR e bl O B (KRR FE A HLA Al REAS R, (B3R i 2 — O A iR
M EPAE A BALED . T AP R HURI A LEIAR RN A PR BE AR V& R
EHS5SRMETEEER, SCadE%R. £REmh MR AR RIEZHELEA,
W HERN TBP. REEANUH AR S peR TR, ERTHE g, &
FEERLA), OPRER RG], RHBLE WO A T A L R S AU Hh
AEH A —Lep T . B AT B REH] €4 ~COOH. —SO:H. = POOH. =NOH,
OH. -SH %, #EAFEMNER T LU E 72 filHl LM, «

ECRIk A critical review on separation and extraction of scandium from industrial
wastes: Methods, difficulties, and mechanism? #7, f##¢ 7 Hy4 TBP {E Ry p iR E
FIEHMENAERFE: The function group P = 0 connected to three alkyl
which serving as electron donor groups, resulted in a high density of
electron cloud on P = O and strong coordination with Ses+. <

S B TR HKG

iR The scandium aqua ion revisited® H4%E T [E &5 () S A FK AU, JF 7
SR IFE P SRR TN BECAL] Se (H20)7 13, %A, [Se(H20)7] Cls [ Se-O (H20)
BEKC A 2,159 AL BIBEAS Sk & & TR/ R 4.3~4.4 A oAy 75 LER Structure and
size of complete hydration shells of metal ions and inorganic anions in aqueous solution” # i]
PAFR 2] M2 5 NiZ* /K &8 T2 05008 2174 A 5 2.057A. [, S35 Mo, Ni2*
AR GE TR0 R, a7 E. ©
5 &-Wi SIS ACT AR, Sea+RAFFRERE, FHHEAFFENRERY, &
SERVACHIRIY O, H R F. N. i P=0 )20, HBRERE pH BHRE 6 (R EF
HH R, IR G IER) Se ZEEUR. seAh, —Ueti[AEEHUA M|, F il Recovery of
scandium from spent sulfuric acid solution in titanium dioxide production using
synergistic solvent extraction with D2EHPA and primary amine N19233 iff i li§ B £ 61
-5 e A BT B ] AR Sm AR R, FLHLHI AR Ry N-H...O=P SEAVEAER P204
RIS T HEESRE, G4 THE TG EFHER. <
Bk, = EF H i EECE 25 R BB 3 Sc. BHREIMNEI, FEBKEES
I B CER. 2023 FRIICER (GREETHEEALILOBRAE B oYV H TR K& BUAEdE
PGB 4 fEST IR SN E SR LS T -COOH B LIERE T E T2 1
RERUMCR, R HAE, 1ZE A1 CPF-T-COOH Xt Sc MWL I &E rliA 64.63 mg/g
( Selective scandium ion capture through coordination templating in a covalent
organic framework® ', S AW E RN 52.7mg/g). FEEIZ CE, JFEIER FEE
REEH.



nature chemistry NH,

Article https://doi.org/10.1038/s41%

NH,

Selective scandiumion capture through .
coordination templatinginacovalent
organic framework

%npplementaly Table 14. Uptake of Sc*" and earth-abundant metal ions Ni**, Mg*", or Zn*
(in mg/g) in MICOF-33 samples prepared starting from Ni?*, Mg?™, or Zn?" as a template ion.
Uptake values are reported after 180 min (298 K, pH ~ 3). Calculated selectivities for Sc¢**
over each template ion are also given.

Sample Template M** Sc* uptake M** uptake ScH/M? selectivity
MICOF-33 Ni** 33.9 0.01 3.39x10°
MICOF-33 Mg 31.7 0.02 1.59x10°
MICOF-33 Zn¥ 37.8 0.04 9.50x10?
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3. FIRVEIR MRS R AR RO T 9%, W BRI 430034)

Zhang % "2 23t B9 34 BER 5 4 4 (covalent
phosphonitrile framework, CPF-T)IYH 2T 5 HFEE
Y A mel 1 N/O BY A A, FHIe [ 2 4 il 9 14 & 1
Sc(II) A AT R B 7] . A SCAE CPF-T Az 1t —
LI S BA S AHE AR A)—COOH Jfie ki,
il & B AL U HE ML BB CPF-T-COOH, LI 458 1) HE 4%
Hl—COOH FIAJ&, BfELAT Sc(IID) W2 RO Y5 .
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P=N/" PN

CPF-T P-O-Ar

2,4,6- - FR AL AR P-N P-N
CPFTCDDH Arc B O/([gPDﬁu ]
..-"‘_ — _\___.a— i —_\-“i’ .,-l"" "'_- P

OH” 7 P—N“ PN
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EiRTNIE[24,34].,
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484 -0OH B9 45HRENIE 2681cm—1 4 Ar-C 83
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FAEIE[14],
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LSH-COF-62, 0 min (BXECHIEY Sc,Mn,Ni | 5S¢ 755.33 ppm, « | IRIff&: «
Sc,Ni,Mn & & | SBAENE) - Ni 5063.85 ppm, « | Sc-1500.0 mg/g,
AR« Mn 5019.53 ppm< | Ni -2815.6 mg/g CPF-COOH- Omin (B Omin 3/8) < | Sc 363.67 ppm« MR «
(2026.01.14) < 180 min (BL 180 min % | Sc 905.33 ppm,< Ampoule,Sc,Ni Ni 654.04 ppm: Sc 21.59 mg/g*
) Ni 5345.41 ppm, « . . . .
) : ppm SRS, 0.05M | 180 min (BU 180 min & | 5c 361.51 ppm! Ni 64.79 mg/g"
Mn 5368.27 ppm¢
‘ il ) Ni 647.56 ppm
LSH-COF-62, Omin (HRECHIEY Sc, Ni j& | Sc363.20 ppm, « | RIffE: «
2 a5 | ABMED) S (2026.03.09) -
Sc, Ni IE& & | &) - Ni 658.92 ppm e - -
- CPF-COOH- Omin (FERELZ] 1min JE | Sc 354.68 ppm< WE: <
i, 0.05M #iFE4 180 min (Bl 180 min IE | Sc 360.25 ppm,< Sc 29.54 mg/g,* .
1,5c,Ni JE& 7, | ) - Ni 632.84 ppm: Sc 51.50 mg/g+
(2026.01.30) < &) Ni 653.34 ppm: Ni 55,78 mg/g: -
N 0.05 M #iEZ<' | 180 mi 180 min & ] -- Ni-117.10 mg/g:
—— 0 min (BLEZHIE) S0, N2 | S 36168 ppme. BHE - i min {EL min & | Sc 349.53 ppm g/g
HCPSc,Ni B & | AFME) - Ni 661.49 ppm: Sc-58.31 mg/g~ (2026.03.14) | ) - Ni 644.55 ppm
% o i i 2 | i § \\\ . #_l z\s\
. 0.05M #if&4 180 min (BL 180 min J% | Sc 367.51 ppm: Ni 33.93 mg/g ¥ H2026.03ic, FHHNBELERES };QZF
2026.01.30) 4 i) | 658. . + T s o
‘ ) | 7%) Ni 658.10 ppm H2026.04i#c, AR /f'ELiE:FE'J#ﬂFﬂ\ i EeR i TSRS .
Started at a Ni231.604  Mn 257.610 Sc 361.384
(Agueous- (Aqueous- (Aqueous- 3
Axial-iFR) Axial-iFR) Axial-iFR) 1] 372072026 _1:19:30 PISTD el il L = =
— T sl - (0. 0. A s . i ]
3/20/2026 7:19:30 PM 1 -0.082 ppb -0.500 ppb 0.654 ppb B M ! e T e (% G0 4T 65| 275 7%
3/20/2026 7:21:58 PM 52 4.891 ppb 4.950 ppb 4.441 ppb [T TR T 5 [ vz | e o] 10s o o0 | 2 20 o )
3/20/2026 7:24:09 PM  s3 19.922ppb  20.489ppb  20.108 ppb | 4| S0/ 706 21 FISTD Lo ﬂm w@; o g e B e
3/20/2026 7:26:27 PM  s4 50.495 ppb 50.312 ppb 49.582 ppb | & G T L S B - 0 O 1 0 0K 5. m"ﬁ‘q{ m'o‘}'. [ 130 215 Toa. 00 '*SIIG_&FI 100,00
3/20/2026 7:28:44 PM  s5 99.774ppb  99.749ppb  100.215 ppb ; ; ¥ e
3/20/2026 7:30:54 PM  PB-1 0.245 ppb -0.184 ppb 0.435 ppb '
3/20/2026 7:33:22PM 1 45816ppb  45.415 ppb 6.834 ppb .
3/20/2026 7:35:47 PM 2 48.274ppb  48.643 ppb 8.176 ppb ST 54 T NN 5]
3/20/2026 7:37:50 PM  PB-2 -0.275 ppb -0.060 ppb 0.541 ppb 73322 ¥ KHOnS !
3/20/2026 7:40:24 PM 3 37.561 ppb -0.350 ppb  20.704 ppb i TR i i o _'
3/20/2026 7:42:22PM 4 37.309 ppb -0.424ppb  20.572 ppb 615 /0/20E 7 40 24 F RO 3 o
3/20/2026 7:44:25PM 5 37.801 ppb -0.250 ppb 20.668 ppb 3720725 T 4222 P[0 g . £l
3/20/2026 7:46:29PM 6 37.553 ppb -0.341ppb  20.971ppb | s T
3/20/2026 7:48:39 PM 7 37.404 ppb 0.041 ppb 20.798 ppb | 7 6,041
3/20/2026 7:50:36 PM 8 37.054 ppb 0.788ppb  20.686 ppb |- : ]
3/20/2026 7:52:38 PM 9 36.338 ppb -0.482 ppb 20.366 ppb |7 B T PIAES e
3/20/2026 7:54:50 PM___ 10 36.879 ppb -0.025 ppb 19.999 ppb




CPF-COOH - 30K b 5 R 4 RIXPS

(CPF-COOH- 1Y KSLE S CPF-COOH-3)

0% B BT

Counts /s

XPS Suney

Name Atomic %
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%

t N1
1.00E+OSM Z
b L2

%

P2

0.00E+00—
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Binding Energy (eV)

Cls 51.27
ClZ2p 0.98
N1s 10.38
Ols 30.78
P2p 6.59

0% B 1=

5.00E+05

4.00E+05T

Counts / s

1.00E+05

0.00E+00

3.00E+05T

2.00E+05T

Name Atomick BN EFREwt wtlh (13—{k)
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