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Abstract: Diphenyl styryl phenol polyoxyethylene ether (DSP polyether), a specialized surfactant
employed in photoresist developers, inherently introduces transition metal ion impurities during synthesis.
To address this issue, magnesium-aluminum silicate-adsorbents with different magnesium-aluminum ratios
were synthesized via hydrothermal methods and characterized using SEM, TEM, BET, and XPS. Their
adsorption performance was systematically evaluated under varying synthesis parameters and operational
conditions. Results demonstrated the optimal performance at a magnesium-aluminum feed ratio of 5:1,
where 30 mg of the adsorbent achieved 95.6% Fe (lll) removal from a 15 mg/L solution within 30

Yok HIBY: 2024—12—18  MIZHHI: 2025—04—29

TR . WL RIS SRR BT (2023C01073)

FEG T EHT2000— Lo, INA IS B AFSE A L 35 50 T Gk R 40 W R 3o 08 4 I s 70y T P R 4
WEEE . 2 M, E-mail: linan@zstu. edu. cn



% 5

T T A R B B BT AORL 25 B DSP S i U 6 B T PERERTY 635

minutes. In acidic environments (pH 2-6), the material maintained excellent adsorption efficiency and

recyclability. Magnesium-aluminum silicate (n (Mg)/n (Al) =5 1) exhibited outstanding removal

capability for Fe(Ill), Cu(ID) and Zn(ID), achieving a 95% removal rate for transition metal ions in the

DSP polyether system. Further studies found that the magnesium-aluminum silicate material could remove

transition metal ions through three mechanisms: electrostatic attraction, physical adsorption and chemical

adsorption. This synthesis strategy, combined with robust adsorption efficacy, offers a practical approach

for eliminating transition metal contaminants in DSP polyether systems.

Key words: DSP polyether; transition metal ions; semiconductor cleaning; aluminium-magnesium

silicates; adsorption
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BYLA R e 2 10 AR B, 0 T 11 55 A R B 1 B E A
BT LARBEER LU AR 25 5, S 1 £ R B BB 2 i)
BN PRSI IT  F5 25 5 R FH B e A i SRS
TEREREER I n(Mg) /n (AD =5 IWE R B,

15+ -1 100

—_
[\S]
T

4180

&/ (mg-g?)
©

=
T

3 20
2:1 301 4:1 501 6:1
n (Mg)/n (Al)
(b) NRERSE LEREBR B4R

8 EEERERXT Fe( Il ) B MR Bt 30 2R

2.3.2 AW AN Fe D W B4 BE S0 B

&9 ATR] Fe D ) 46 o i ik B 25 A T Ak 1R
B (Mg /n (AD =51 X%} Fe (Il ) AT B 56 S
Bl HIE 9 a5, B Fe D w04 ot i i B 1) 1%
T BEFREEER (n (Mg) /n (AD =5: DX Fe(Ill) 2R
FIN 94, 9% FRER] 71%, i Bt A 4. 8 mg/g
HEhn# 24. 8 mg/g. XFPILG AT LA PR T 0 BE A4
RGP A B A IR, B &8 B 1 i

YR E B 15 A RS TR S BOMIAE R
T3] PR R 25 B RS I 5 T P57 o 114 ek TR 6 ) O A
TR Fe )0 ff o v B2 A 34 im 5 g, ix 28
i T G JRE T R AR R Py B sl g B 9
0755 FeCllD A4 il LA BEF5E MR BE A 1
W Bk R R BR R LR %R SR S e L 15
mg/L AR FellD BRI 4R BTt R L

P9 (b) o A [R]8E A e R 6 R (n (M) /
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n(AD=5: DX} Fe Il MM B3 - K. d B 9(b)
ALAL RERREEAE T T FeC Il A 25 B R W 25 35 hin & 114
B2 FA Ry, LERFM 55. 820 F|
95. 6 %0 , MM B JoT £ Y I Bt UL A 25. 1 mg/g T %
% 12.3 mg/g. XML R RETET , W& rE iR
FRE I R MO SRR B 2 I, B bR
AP R R YOS I #]— % K (30 mg) i,
LR T PRI AFAE 9500 LA b, B o o
T TR P 1 R O DR A7 st )R R 0 v 3 4 e
o 25575 R R RS AS R B R 6 40 1 A P B 1B
£ 30 mg VE BRI

Pl 9 Ce) Ry AN [A] Wz o e e Bsf i iR B 45 (2 (M) /
n(AD)=5: 1%} Fe( ) MM MR E. BB 9(0)
AT B A W 6 ESF () ) 38400 s ik R 6 8 % I B Fe
CII oW o6 22 B0 T 484 K e T 2R ka3, 7
30 min B, i R B R 1) MR B Gk 2 14. 3 mg/ g X
Fe( Il By £ B3N 95. 6 % ; W Bk 8] #8 1 30 min
Jei » W B A 2 B R AR R TR ik — I R
FER SR, B RRBE AR R 1HI B & KT 5 Fe (Il 45
BTN S L0 — OH L — Si— O — KL H 45, jx 8t
FEAENERRE A 20 S Fe(llD) BN . BE#E

25¢ -1 100
B R

20+ o FEE 480
=
& 15 {60 =
£ 5
1 &
ﬂg 10 140 4
23

5 120
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15- ol RMHE —e- ZRE - 100

12+ 180
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1 &
£ 6 {40
=

3L 120

0 40

0 10 20 30 40 50
I 18] /min
OLA )
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K 9(d) N ATE pH {E B i FR BE 47 (n (Mg) /
n(AD=5: DX} FeCllD) MW FMRCRIE . 8 pH
{23 1 25 50 00 42 8 25 1 DU AT A s DT X LW
TR —E MR . L9 (D AT, 7ERR R A BE
TLHEERREER (n (Mg) /n (AD =5: DX} Fe(ll) 1Y%
BB IR 2R R AE 95. 6 %0 LA b W B & 2 e PR+ 7
14. 3 mg/g Vh I, R IATRM: P85 LT AN 52 i L% B
PEfE . XFPELG A0 R A 3 AR T A R B R A Ay
S e LR E M RERRBE 4 LAY R 254 o 3, X
Tl 235 4 ol EL A v 1 A 2 R M RS S L
HAERRMEAEE PR RS 588 A 5 AR
R EBLZ T . AN, T R R R 2 T Y B el i T R
SRR T VY T A 25 R v AR XAl A
FeC I ) %5 = FL 77 BH B8 745 0o A W B A 2 . R
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S B T FeC D) EA 5 & 14 HL o AR
568 Y PR A3 1), e 2 6 40 6T Fe I 118 MR o2 B L
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T?D 20 S
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m/mg
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W B AR A AT R P RE T R RIS A T
MV B S B S bR, T8 10 SR REFREE SR (0 (Mg)/
n(AD =52 1) X} Fe (11D [ 48 PR 0 B 5 1 16 .
10 AT AEERA 1 WA BEFREE SR (n (M) /n (AD =
5: D XF Fe (11D Y 25 B Z 38 5] 96. 9%, W B 5
14. 5 mg/ g, Bl A WG A YB3 i, L2 B R R
W B A0 S RS T R A A X B AR T B TT
HEF 2 AFERE: — MM SR Tae ke T
O RERRBERR AR A B2 . & AR ERFLBR i
Fe(IID I35 A 58 29k M BT, 52 B 70 T 7 2 TS i
FEEF, 165 5 R, RERRBEER T Fe(ITD 1Y
EBRRAEEELE 91, 690, W Bt th 4k R 72 7F 13.7
mg/g. X — B R, K E RS (n (Mg)/
n(AD =5:1) X} Fe (111 {4 2= Bk 2 A% B A B Uk
b AR AT REA R 22 B3 R 43 1 H bR 4 BT 8 4x )
BT AR S Y R BRAOR . XTEEFRBESR (n (Mg) /
n(AD=5: D AT T ICP Mk MR EE TR &
WM 5. T9% . BRICR B S H R 0. 61 %, iX R IT
FIRRA LS 5 RN, 4538 5 LR XRD
—E S Z 5 RREREEER (n (Mg) /n (AD =
5: DT T ICP Mk, MR 45 5 by AR i BE T R
5. 6920 HES TR TTE M S i 0.59%, BAR
FERRBESR (n (M) /n (AD =5+ 1) LEAd 1 I A6 0 21434
HEEMERITER S RMBEAL AP REIRAR /N 7E— e R
UL RERRBE AR LA R A S AR e M

15 D WE e kkkE - 100
190
B 2
m% 30 g
= H
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1 2

3 4 5
IR
B 10 TRERMORESE M TEBRES (1 (Mg)/2(Al)=
5: 1) Fe(IIT) BO1E TR0 Bt 350 SR B
2.5 DSPEEKBZRPITIEEEBFHERIR
S
B 11 NEERREEES (n (Mg) /n (AD =5:1) %t
DSP 5 fik 7K %5 W 19 3 3 4 )8 B 1 (Fe (11D,
Cu(ID . Zn(ID) FWE MR B . B IE 11 AT, RE R

B (n (M) /n (AD =5: D XF DSP i Fe(11D |
Cu(ID . Zn(ID B EBRFAHIIAEN T 95.6%6.97. 7%
H196. 0% , W ik 43 51 &y 14. 3,14, 6,14. 4 mg/g.
W B 5 B 7 R MR JE R & 0. 66,0, 14,0. 59 mg/L,
TERREEEE (n (M) /n (AD =5+ 1) Iy H £ 0% BfH4: i =
S DR T H g b 1 AR 22 FL A M 3 B Sl
B AL T 5 A TG ML BEIS S AU AR DSP R ik
IR 1 L U 4 )8 B T RETR BE AR (n (Mg)/
n (AD =53 1) (1) P T A 25 F4 W3- FLAR o5 7 b 2= A
PERIHLARREE , BE7E DSP 34k /K %5 Wt B 15455
e S F I B B 5 2R RExT DSP 3 B 7k 75 i b = Ff
14 R B R BRI R AR 9500 L b W i 4
SARFEAE 14. 3 mg/g VAL WG 2% e 8 4 R
TR BRI E 0.7 mg/L IR, Xit—
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Langmuir FERYM f 77 F2 o] A =0 (3) 6o

- Q.KC, 3
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JIRENS B PR BE A (n (M) /n CAD) = 5+ 1) W [}
Fe(llD) .CuClDDZnCID) By REHEATIFIE . HE— 2K
W Btk Bl g2 R ] 2R ()

In(Q, —Q,)) =InQ, — &t (%)
1 B 3 27 5 RE AT R
t 1 1

insziJrQe (6)

Hrb.Q, Sy W - i Y W B i, mg /g, Q, ¢ B
ZIW B mg /g b, F R, S35 R E— S Bh 12
TEETRYFIAE 0 By g A AR (1) W FfF 3 3 4

F3 MRS (n (Mg)/n (AD =5:1) X

Fe(lll) .CuC 1) Zn CI1 ) W B3 #2 9 Langmuir F1
Freundlich R RIA XS5, 3 3 Al Al i@
TEPIFELR ) R® X HE L FREEER (n (Mg) /n (AD =5:1)
MRt Fe (DL CuCID L Zn CIDD Y 3 72 00 hn 45 &
Langmuir %535 W B AL, R {543 %14 0. 99.0. 98,
0. 99, s th T A4 B s 7E Freundlich B AL A,
Un HEWSE Y 1/n /T 10 W32 )2
Y 1 /m KT 1 W Bk A 52 S e R B R
(n(Mg)/n(AD=5: 1%} Fe(lll).CuCll).ZnCIl)
9 1/n ¥/ T 1 R B R AR T AR R
R TG A 7 X 2o 0 4 T S A S AR A

R 3 EEERHE(n(Mg)/n(Al)=5:1)KEFRERSE

AEET _ Langmuiil Freundlic}il :
Q,/(mgg ) K,/(Lomg ") R? 1/n K./(mg'g ) R*
Fe(lD 27.6 1216. 8 0.99 0.46 328.0 0. 82
CuCID) 35.9 2896. 6 0.98 0.49 47.5 0. 95
ZnC 1) 29.3 2346.9 0.99 0.13 474. 3 0.95

P4 WEEMREESS (n (M) /n(AD =5:1) %} 3
Tofrid V8 4 T 5T 190 o — SRR M W [ 8 ) 24 1)
LAEWLA BHE . XF R, EAT X L AT A, R IR BE 4R
(n(Mg)/n(AD =5: 1) K FeCll),CuCll),
ZoCID) A9 72 0 0 A5 A o — W Bt 2 g 2 5 Y
(R,=0.99/0.99/0.99) , 3 W W i i 72 Ry 1k 2 W
B 1 LR 6 R 45 s G Al IR B R S AR
FISY . 53— T Langmuir 55 i W B A0 43 17 45

UG RE R B 45 (n (Mg) /n CAD =5+ 1) W fft
Fe(lll) \CuC 1) . ZnC 1T ) i i A5 A2 B0 2 0 B B 5
AWERHE PO R e A — 1M e B E . &R
FAERERR LSS (n (M) /n (AD =5: 1) F /A 3
1. TR RE 32 B, Y RE R BE 4R (n (Mg)/
n(AD =5 1) (TGOS B 4 8 5 7 58 &5 P ned
M 3 2 ik 81 A IR 285 ERF  abb sk 8% R R A3 B £ 3ok
RAFEE

F 4 HEBRHSE(n(Mg)/n(A)=5:1)NRHEINZEESE

TR U
N
T Q./(mgeg ") k, R? Q./(mgeg ") k, R?
Fe(lll) 6. 48 0. 07 0. 90 14. 95 0.02 0. 99
CuClD 3.52 0. 04 0. 81 10. 40 0.08 0.99
ZnCID 3.73 0. 08 0.91 14.63 0.05 0.99

2.6.2  WRRHHLIS B FRFE A OH far CRRL B — 44, 4 mV) , 3 i G Ay

P 12 Dtk R Bk 4 X 1o U <6 s v A R R BT B
Bl P12 S s Rk IR B R 2 R oy B A e
M5 | R “ R B 3 b 2 AL oA 25 B AR i 0 <
BT RERRBE AR R B AT A 1K 1 FL BREE A R i Y
e AR, i P J 8 1 ] LA A HL R i 5 fLER
DU DTS Ry TG B o 0y LG e — 4 ] 3 5
e » 2 B VAR T SR 55 A AR T S BE L
SRIKLEAH AR A5 o {5y T PR B8 4 1) 85 HL 3R i
L AL PR T AR . e A A B R )
RWITETE 2 PF T L W RE B0 6 88 7 RE S B 1k
BT 33k DA T R B P -2 AR A2 ol P 4 1 R
A EEL IR 5 | R TR B O A 1) T ML o) 2 — o e TR B

IE LA I 4 JB B (Fe (D . Cu 11D . ZnC 11 )
BAREU W BERE 77, i f 5 2 — R AR e 8
W AL, BE A TR 4l AR K i 4 i B8 1 I

FREBREE AR M F T 5 Rk R B 41 A0 308 1o e 2 W8 o 3o
— RN 4 B B 1Y 2Bk, i FT-IR 1 XPS SRAE
ST AT AR AR R T & AE R i — OH,
Al—0O.Mg—0O F1 Si— O %5, X 865 GEHI4E N L T
PR, v] 5 5 P 4R B T e R e
—J7 T, ok U A R B A W] RE S RE R BE AR R Y
Mg—OH.Si—O— H 53 [A o (1) &R F A A R
BN A AR 1Y 4 T SRR B 1 0T i — 2D ik
BT TR B b AT, S ER
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=A
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FAE ST A [R]85 40 bb B W Bt 45 4 (Fe CHID 40 46 Jo
SR IE U RRRE R B S (DR R pH fED R
AT S 4 B 2L BRI AR I S, [R] B 2 4
T M RGP RE AT ZE DSP 2 ik /K 7 b
(AW BFHPE R S X6 L BRI I A T4 5T, A5 i S 2
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a) M EL T B — 253 1 ik B E AN L R AT o 1k PR B
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