.&;DFE_ %iﬁl*i%‘—;ﬁ F17EE1HH2028F£18

Eco-Environmental Chinese Journal of Vol. 17, No.1 Jan. 2023
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

%ﬁ XEEB: KiTEHER

[E] %

% e .. N Ly

SRR DOI 10.12030/.cjee.202209074  hEI4r24S X523 SCERARIRIG A

BURE, F98a8, VM, 45 EIEW0ME MCM-41 X7k 1,2- 5 L e AW FRH[I]. BREE T RE244%, 2023, 17(1): 13-23. [WEI Chenjun, MENG
Xianrong, XU Wei, et al. Adsorption of 1,2-dichloroethane in water by amino modified MCM-41[J]. Chinese Journal of Environmental
Engineering, 2023, 17(1): 13-23.]

I MCM-41 XfaKk A 1,2- 5 S 4 i W B

MR FED? ZER, AR, RS, R A R

Lo MR R B 5 TR Re, 9 M 2150095 2. 95 M i SR RF#WF 5T I, 75 M1 215009

B OE OGO KRR Y, L3N S L IR LT (APTES) el vk 7], R 3 88 12 ) 4 NHL-
MCM-41, F|JHl XRD, SEM, TEM. BET #l FT-IR %} #1 &} 45 ¥ Bk 47 2 AF , FHHFSE A RE R K b 12-— 8 2 ke (1,2-
DCA) WM HHAT o S5 RFW] : EBBURIR A REFR I, 1 LI BRE, REUCER RS 7 MBS Btk IS
R RER . FLE . AL T 29 10%. 25% M1 26%. R IEM 5] AR 5® T R X 1,2-DCA 19 55 F1 7 F00 f
e A1, WRBHAE A 1175 mg g W] 1559 mg'g!, 4ETF32.68%; NH,-MCM-41 % 1,2-DCA W B4 b I B 22 49 3
W B, Sl B R A A A E W R s ORI T L G 2R B ASURL N O R R A U R A IR I AL
B VLT BB B i 4 A 3 5), W AR b 2 5 2 2 WM AR ZETREE S 20 )G, pH 2 7 B NH,-MCM-41 %f
1,2-DCA 4 W BE 55 SR fe 4 5 T ZE R (HA) AL 77 B B 7 4 NH,-MCM-41 W [t 1,2-DCA & M 6l /£ o m ok nl A,
NH,-MCM-41 B8 A 2L Bl 7k 1,2-DCA . Z B 58 )R]y i T K @ AR TS B g BRI X S %

XKHEIR] MCM-41; Z3E; haEfl; WRfl; 12-— & Ok

VLA, BEAG IR gk =B ok e AR B A S, AR DR 5 B B, AN R K TS
Qv , HhAZ 1,2-25F 4% (1,2-DCA) {54 ™M, 1,2-DCA 52— 8 2 YA LI 5 A1 i v )
K, JBTHME=5" AW, o, 1,2-DCA HA T IR . A5 A RSN, BERKA
HAFAE T T OKEREE b, AR A SIS, PR, anf] i 5 BR 1,2-DCA S5 @R KI5 4L
W 1A b 7K T G B AR A i R ] A

H K T IE S BOR AL S Al s -Ab B R A AR AR B TTB I I BN 8 A 4 R (PRB)E
A5 B SN 3 B ARAE Sy — R A2 3 T KA R, FEE N AN AR TS Yesth TR ARz
WEFEABL A AR GE ) PRB A ot 2R TN BB, BN ERAFTE S R . 5 AL SE s, A
W, SR PR ALY AR E AR RE AL S O A B A R $2 T PRB MERE FLA R S

I FLREA R — 2558 i B 4 T8 B AL B AL 2 AL R, fLAR S 2~50 nm, AHEC T1%
G2 ALM R, A fLaEM R B A LR AR EOR . FLIE S . RTIE L R B 8 i A R
MCM-41 BA N HERGE ), &) Tis ey 8, e/ 0R" £, MCM-41 X E&JE . Ny TH
ML e Ye b 2535 Ye ) BA U A W B35 o {H MCMI-41 7715 26 T i P B — | DA s e o 2 20 114
Ao, HRET, W R A LR 4 R 15 4% 5 O UHE I MCM-41 2 T ik A1 0 P 3 3% M 467 i, T
s BHE: 2022-09-14; FAHHA: 2022-12-05
EETHE: HMTTRHESH (SS202036, $SS2019005); 2020 4F 45 T i <333 & )2 K A A 537 T# 5 H (BRA2020130)

E—1EE: BREE (1997—) , B, W-ELH5E, 1490515586@qq.com; DRBISIEE : M4tk (1965—), H, W+, #4Z, weilin-
shi@163.com
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14 ok L B ¥ W 5517 4%

PETH I B AR PERRUCT, A WER Y R, EEM G A SN MCM-41 W 3E 67 5 . BT
MCM-41 #4441 1 AT 5% 46 rf 1 Tl 2 7K b 5 4 R e b i) 2 BR U, T T K48 52 rp 1 1 A
FEBEARIE . RIS FUREAD R HE R AR L FLIE MU AT | R S B SR S, B R O FL
MR, B HAE R PRB W B A B ZR AR A R, ST TE PRB A& Ge /v b R B 22 . 5 A1 SR AR sk 45 )
A EEE L,

AR 5T R FH AL SR 0 ) A R FE O MCM-41 AR, SR 22 R 3R AE 52 AR S A4 Rt TR S5 A 485 4 3t
FTRAE; L NH,-MCM-41 4 1,2-DCA W), APl T /K BREE , R0 LI S e R 2, 1 B
NH,-MCM-41 25 ¥ 5 W B 470 Z A A9 28, it MCM-41 34 BHE SR 0] 33 15 M 7 5% 4 o 32 13k 2
WS E, A FLREA R SRR TS e T KA 5 A g R R S s o
1 #Rl5RE%

1.1 LRRAFIENE

1) LR, 1,2- 8 4% (1,2-DCA), T H i b 22 R 5 B Al 5 $hile i A A,
W 2 AR R A R A R OB IERER £ B (TEOS). T r3kedt = H 3L R L4 (CTAB). &
IR 3-Z N FE = LA IR RERE (APTES), W A 122 sedk AR R BHE A BRA R L3538 o0 4l
S K A AR, HLF35h 0.055 pS-em

2) SEHHAN AR o 7890B-5977A B AH 415 BT ik Ik FH AL (35 E ZHEAS /A F]); BSA124S BUHL T3 HT K
- (P B8 2 RIS 7)) SX,-2.5-10 FA 20 HLH (1M I3k SE B AR A BR 28 7]); DHG-9023A H 4 fe iR
BT HR A (L VEAS 22 S R A PR A FD); THZ-82A B /K 1A H IR 1 28 (3 M 3 KA 2% i 3 A R
NFED); 85-2A TEIRRE S HE RS QLRI AL S A FRA Fl); HWCL-3 4 $ U i 1% J) BiE v O
Bk T 54 BR 2 Ao
1.2 MCM-41 1 NH,-MCM-41 B & B

FREL 1 g CTAB ¥ T 130 mL 258 7K, finA 90 mL & /K, 60 °C Rtk ER AL R
&3 5 mL TEOS, {5tk 3h)5, FiRMIL48h, =YLtk T 60 C #tF; fi)a
TEE #f I 550 °C JBEkE 6 h, 154l MCM-41,

FRELU1 g CTABIA T 130 mL £ Tk W, 60 C FHEFEEER, MA 90 mL &K, 60 °C Tt
FERIRAS), 18N S mL TEOS, #i#k 1h/5, MIA 1 mL APTES; ZkZifiittoh)5, =Mk
48 h, YA mIEvERIE T 60 C MHET; RIGETKCEFHEI 6h 5, HET1% NH,-MCM-41,
1.3 #REERIE

FIH X 5 2411 54 4% (Bruker D8 Advance) 73 B B4 FH I @i A% 25 0 (L #5E L Oy 20~5°, 93
0.5(°)'min’"); 44 H F B 055 (£ E ZEISS GeminiSEM 300) 43 BTkt kL F2 T 55 5 FIFH 5 56 H1
1 B% (FEI Talos F200s) 43 BT A RSO 55 5 R FH 42 F 8l b 2 17 B LB BE 43 Hr A (B 3% Autosorb-1Q-
MP) 52 #4410 Fb 22 T AR AT FLAR 20 A (W BE SR N, BRI EE 200 °C, BEAIRHE] 8 hys I 4 L
21 4863 (Thermo Scientific Nicolet iS5) 3 A A4k 2 1 2 A (52 50N 400~4 000 cm ™).,

1.4 RSt

1) b5 0 S By . BRI T4 20 mg- L7 1,2-DCA ¥R T 250 mL #EIE P, 43 914 0.1 g #4
BB THEEKBIRG #, 7210, 20, 30 f140 °C F, LA 250 rrmin' A% 3R 120 min J5, HC
B, 2 0.22 um A ALUERE, SO €035 5 R IR A G 1,2-DCA VB, IR AR . WA
pH. B FIRIE | AR R ik 5 2 2K .

2) W BB Sy 2 S s . BE R 2 £ 20 mg L' 1,2-DCA VAW T 250 mL &, 28 4% hn 0.1 g
MCM-41 Fll NH,-MCM-41, F 20 °C fHE 7% #% T LL 250 r-min™' (5 Bk, 7% ERIEE 0. 5.
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10, 15, 30, 60, 90 F1 120 min) BUKE, #i J7%:0A] |
3) M FfF 45 U 26 Sy o BRI T4 20 mge L' 1,2-DCA YW T 250 mL #EFE R, 40 94%m 0.1 g
MCM-41 fl NH,-MCM-41, F 20 °C fHREHR % #5250 rmin”' B HHR S, T 120 min J5 HURE, 45
Ny i
W Bt A O 2 LK (1)
g.= = 1)

m
K. g MR, mgg; C,F1 C, 435 A 1,2-DCA ) 4 e B A0 B S 7 it o B ok, mg L
VRETARRL, Ly m AW, g
2 #R5iTE
2.1 MRIRE

K 1 MCM-41 1 NH,-MCM-41 [#] /)N ) JiE
XRD il . " LLAE H, MCM-41 # KH7E 20
22°, 4.1°, 4.4°F 6.3°F 7E 4 15 AN — I 1y
P, 43 50 X R F A4 R Y (100). (110).
(200) F1 (210) &b, B W] MCM-41 5 3G 5 (1)
NI, SEAMREGR -5, &
TR 1) A FL AL ESE M . NH,-MCM-41 #1 e
B (100). (110) 1 (200) & T 7 7% Az 14 44 5 6 47 bz %ﬁ s
%ﬁﬁ A PTREAR, (210) i T 9 7 90 W E 1 MCM-41 1 NH,-MCM-41 {9 XRD iZ &
HR BLIVEIEA SIS PR S A SEAAT Y Fig. 1 XRD patterns of MCM-41 and NH,-MCM-41
FESA TR, EIF RS A ik 454, 5%

FE AL 09 75 7 HEFR 4544, 5 ENSHIRAH %51
5% 45 R — 5.

K 2y MCM-41 1 NH,-MCM-41 £ I % Ky
400~4 000 cm ' (9 FT-IR % & . A DL & ),
MCM-41 7£ 3 440 cm™' Kb A7 78 — A~ 5 W2 0 04
Z VR Si—OH Yt 47 4 2l S W Bk oK 43 o
A2 1090 em™ b Si—O—Si [ A X FR A
5Pk Bh %, 800 cm Kb Ny Si—O—Si #1456 ¥k 3 A
%3 ; 460 Cm—l ALI‘ j'il Si—0—Si E/‘J /‘-%< EHE] :Hl:??j] ﬂ@ , 4000 3500 3000 i;%g/cilgoo 1500 1000 500
LB AL S0, MEIREAE R . NH, MCM- 2 MCM-41 # NH,-MCM-41 #) FT-IR 3%
417F 3 340 cm™" A WL I Y 5 &2 B MCM-41 &b Fig.2 FT-IR spectra of MCM-41 and NH,-MCM-41
A B TR, X IH P Si—OH 5 APTES X
N5 BRI BCR DB A, AT MCM-41, NH,-MCM-41 7£ 1480, 1560, 2 850 12930 cm™
A BT B g, Hod 1480 em ! AT 1 560 em ! A ShH—NH, BYAETEIEShI%; 2850 cm ™! 12 930 cm™!
b Ry 7P —CH, By da IR sl . 45 R R W], MRLRIE M Si—OH 5 APTES WM &AW, 2
e iR CINEY 7y L sl

¥ 3 & MCM-41 1 NH,-MCM-41 [ SEM & . & 3(a) F1 & 3(c) &t 7k MCM-41 Fil NH,-MCM-41
KA 7S T Uk HE R B, SORLGE L, R B A RS, PURL A2 T 200~700 nm,

MCM-41

NH,-MCM-41

NH,-MCM-41

1090




16 woE T

17 %

XE5CAMRER 5, RHELMWTIAR
BESR MR R IE S o BB, RSB ok
A B EE, AR T 5307 109
& 3(d) &L 7n NH,-MCM-41 i %7 & B A7 76 22000
Y, HEWOE SR EA N E L, WAL E
FEATURE B 35, X A RSO P 25 1 B — E 19 5%
M 28, A BEAR R R, A A S
BEREE MO S 2, AR T MRS 3 5
T W

& 45 MCM-41 fl NH,-MCM-41 ) TEM
K. & 4(a) A 4(c) i Bk min s A1 R A 30
YIT ¥R, BRI, AILr 5] A
RER T E R . & 40) fE 4(d) F MCM-41 Fl
NH,-MCM-41 fLiEt a1 . PTDAE H, WHEY
HAMENILESN, FLIEN 3~4 nm, fLiEE
WL, RISLIEEEE N, ZEWAFF
BRY T Y . {H NH,-MCM-41 #1 8} £Li8
REASASBOM, IR R B AL NS,
T AL . B TEM BB X H 2 SR ]
M, EHEIFRBUEM B EA L, X
Y54 T XRD & SEM 50 Hr &t 3

& 5 5 MCM-41 1 NH,-MCM-41 f4 & < %
B -0 BT 45 I 2k S FL AR Ar A L, 3R 1A MCM-
41 F1 NH,-MCM-41 () b 2 T B £L 9 A 6 2
. & S5(a) FE S(b) AT, SO RIS AR
N, MWz B8 B il £ 29 )& F TUPAC 4325 rp i) TV Y
W AR R, A7 AE I W W S BN, ULEA 2 Rt
B A W WA FLERERY, 45 R 5 XRD
Oy AT A5 AW A . MCM-41J8 T H4 5[] #f
W, BLHIMOR S A R AR AL . NH,-MCM-41 J&

700
600
500 |
400 |

300

N, B/ (em?’ - g7')

200

100 |

0 0.2 04 0.6 0.8 1.0
HIX S (/)
(a) MCM-41

0y A
2t D ™ o

~(a) MCM-41(3 K5 000£%)

" (b) MCM-41(i k50 000f)

(¢) NH,-MCM-41(jx k5 000£%)  (d) NH,-MCM-41(ji k50 0001%)

B3 AEME AR R E
Fig. 3 SEM images of different samples

-

(¢) NH,-MCM-41(ji x50 000£%)

4 TREIMEHEIES B IR E
Fig. 4 TEM images of different samples

(d) NH,-MCM-41(f§ K500 000£i%)

450
400 |
350+
300

250+

N, (cm® - )

200

150

0 0.2 0.4 0.6 0.8 1.0
HXFE 1 (0lp,)
(b) NH,-MCM-41

El 5 TEMEN, IR M iR L%

Fig. 5 N, adsorption-desorption isotherm and pore size distribution of different materials
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T H2 AU [RIAEER, U0 B A R A 7 45 HE B BRE i #F 1 MCM-41 #1 NH,-MCM-41 (bt RE TR
FE PRl HEREJEEIEASIA, fHFLE %8 LWEXSH

Table 1  Specific surface area of MCM-41 and NH,-MCM-41
and related parameters of pores

PET R, S 2OBER S8 R BE U
F 1 B8 NH-MCM-41 & . L&

N . b WERmH/(m* g fLA/(em™g ") LA/
BALKEE MCM-AL 53BN T 25 10%, 250 1 — " T
26%. 33 LTI 1031 A G0 BERHFL I A2 HELRE | | |

NH,-MCM-41 776.37 0.64 3.53

g LR, BEAR T FLIEA P DT, gEm il
HHEHA . LAWY/, NH,-MCM-41 WREFIAT] 776.37m> g, (h T AL R (597.83 m>g ™),
2.2 pH X IRHMIEFZR R M

FER BN A 0.4 gL', 1,2-DCA JRHEWE N 20 mg- L', SZIRE R 20 °C, ¥ pH 251K
3.5, 7. ORI M BYRMET, 595 pH X W FE RS 2w, SEIGas R IK 6. RTDAE W, BRI S
T pH M ZZ AL X MCM-41 W [ff 1,2-DCA T i & 5, Bdk 2514 T, BEE pH A Fhr, W B o 3 7
ik X2 MCM-41 ZE B 55 1 45 & AR KR P, MR Si—O—Si Wi 240Y, 25492 Bk IR, 58
BPE (pH>11) &4 T, MCM-41 i) XRD E LA 6(b). AT LLFE H, MCM-41(100) & 18 fFf 7= A 1Y 32 16 58
JERRE TR, Ul B SR IR 2 B K MCM-41 RAI M BHEAR 2549 . X+ NH,-MCM-41 11 7, PR
FAFT L pH 8 A X W B ek R S R R . pH IR, NH,-MCM-41 X 1,2-DCA ) W [} 75 £ 8
ik, HFEPHE, EMRMEFRET, WP IEER H S H32 N IHE 7X5 B, tedh, HWe o 5,
NH,-MCM-41 & i 2 5L T4k, FEACHM BRI o 7 =% %, HI 5 NH,-MCM-41 5 1,2-DCA [A] 1 {2
T VAR (AR A 45 20 T TR FH 0 0 FERRPE 25, IR 2 B pHL A9 388 i 28 T R A1, X
K24 NH,-MCM-41 J& F MCM-41 RGIM K, FEsmBktE 550 T 5 B A K. 28 &, pH X #4 ki i
1,2-DCA FH B KW . RIESRMT , HUR B NH-MCM-41 XF 1,2-DCA A9 W% B 1o 72 5 msitk &5 1k
T, MCM-41 Fll NH,-MCM-41 458 % A= 53 il W2 B 6 T B AR .

16

‘\‘/\‘\A MCM-A1 (P4 )
-4+ MCM-41
—* NH,-MCM-41 MCM-41 (3845 1F)

3 5 7 9 11 1 2 3 4 5 6 7 8 9 10

N

—
[\S]

W fft it/ (mg - g7")
=

o0

[=)}

pH 20/(°)
(a) pHXJ I it R 1) 5 (b) R ZMATFMCM-41 ) XRDEE

E 6 pH 3t 1,2-DCA Rt 72 M52 00 & A & & 4 T MCM-41 &) XRD [E
Fig. 6 Effect of pH on 1,2-DCA adsorption process and XRD patterns of MCM-41 under different conditions

2.3 RBEXTIRHMIZIER R

TERBHS IR 0.4 gL', 1,2-DCA JFTigt ¥ B2 20 mg- L™, LR EE 435024 10, 20, 30 F1 40 C
M2, R X W R R sz e, SEER AR WK 7, AT LUE A AR T NH,-MCM-
41 X% 1,2-DCA B e i 2 249 T MCM-41. BEF 8 E B9 T, 2 FibAREXs 1,2-DCA 9 I Fff 1 24 1
U, B B R AR 10~20 °C BGA Th, 20 °C Z R Wz AR . hAR b A i,
T 2T T 2 Sl L B K R 1,2-DCA fE I BYSZ I /0N, VA PR oK H g B B/ NEY S 10 o, R
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BRI T 1,2-DCA 4> FAEK I BOE SR,
ARk 55 % B 500 2 1 IS S A Ak, R BOM R
WA AR . IR T 20 °C B, IR B4 A
W R B X R R iR 5 30 1,2-DCA I R
FAgme s g, MR A T A O h B Ay
FALY i IE
24 WRMENFIFE ST

8 i MCM-41 il NH,-MCM-41 1% ff} 1,2-

W Bt/ (mg - g7')

DCA {15 J1 % 404 45 e o ifE— gl 3 2 Fife -
—HEAFUAERI $@). TR § B 7 RELE R AR IR 1,2-DCA BB
10 min J& TP BB, 2 Bk BT 1,2-DCA Fig. 7 Effect of different temperatures on the adsorption of
(14 W A £ 7 G AR #1) 9.11 mg-g ™! AT 12.07 mgg ', 1,2-DCA on the material
P S A 16 [ — A= A
14 + AT
x"_/
- P e ——— ( ] _ 12 ¢ ,,A R o - % Santaieln h )
o W 10} ,// » g
: . ! -
e o MCM-41 ﬂ@ ol F7
= 4 NHMCM-41 =
= — W BB ¥ = 4
- WEZ G )y 2L * MCM-41
4 NH,-MCM-41
! s s . s . ; 0& s s s s - ;
0 20 40 60 80 100 120 0 2 4 6 8 10 12
[ i) /min £3/min°®3
(CORZI VIS (b) JORL A

8 AEMFIRH 1,2-DCA HEh HFINE
Fig. 8 Kinetic fitting of 1,2-DCA adsorption on different materials
Vi HA 2 X 1,2-DCA BAT BRI EM S BJS , A 28 0 B B BRI 7 6 B Be o 3x 2 K ol
SRR IS SRR L7/ e RSt K7 Ty i S 3 RIR & X VA SNMN B SRR & X VAN <SP RA L B S T8 [P 8
JFRST A M, NH-MCM-41 90102 W5 00 5k T- MCM-41, L1 ZIER9 51 A3 140K %
1,2-DCA fE R
HRTE MCM-41 Hl NH,-MCM-41 YW FERILAI , SR FH TE — 20 3l 7 2 A 1R v — 4 Bl ) 2 A T 0o
WM ECE HEATIG, W E R (2), WS R A (3).

q:=qe(1-¢™) ©)
kzqzt
=_——c 3
Ek 1+ kzqet ( )

e NI, ming g, A1 g, 5050 ¢ I 20 W BRI B IR YR, mgegts Ay R &y g3l O HE— 2
2y 3 A AT R E 20 Bl 7 A A R R o 3 R

MR IE SRR 20 ATLAE I, 2 MR RS BEACLr M L W M 7, fEL 2 kAo o —
el F1 2 BT AU A R R R T — G gl A RS AR B U P W B e e AT S o sl
R, GRS E A M ARE B G A R URE IS IR I B BT AR B B, LR B
JE VG YW 53 F 1) W B0 R0 R T BT 1 1L RO, SR SR PR AT A E s Iy e A B I B e AR )
f By Bz Wy B0 B P ), 5 g B R B s A e MR R, HEI AR S e ) Z R A A T gy
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% 2 MCM-41 1 NH,-MCM-41 I [t 1,2-DCA Bz hF &S
Table 2 Kinetic model parameters for the adsorption of 1,2-DCA on MCM-41 and NH,-MCM-41

) WE—Rsh 1% W gah =+
B q/(mg-g™)
k, q/(mg-g™) R k, q/(mg-g™) R
MCM-41 11.75 0.17 11.37 0.989  0.023 11.79 0.997
NH,-MCM-41 15.59 0.16 15.13 0.988  0.016 15.73 0.998

A B [2338]
Rt — LR IY 1,2-DCA J7 F FEM B 5 1 B2 B W Bk 782 ) = 22 PR AP B8, SR R N9
RO ARG 0 B s AT 4G, BURL N 8O 72 W= (4)

1
g =ktz2+C “)

X: ¢ WAL, ming g, 4 e BN URBE B, meg s &, S UKL P B BORE R G B SR R A C Ok
WA 551 30 B2 B

TURL A BLAUL & 25 2R DL AL 8(b), HHCIUG SR 3. T LIF H, NH,-MCM-41 Fl MCM-41 %}
1,2-DCA (W i i #2250 O 3 AN B Be . e 3R T BRI B, 1,2-DCA T 37 HOH: W B 210 44 R 41 2 T 5
TEALIE A MR B B, 1,2-DCA 32 AP h A4 FE 2 T 1] FL3E N 709 1 70 W R - W B B, RIS A7 75 1,2-
DCA 14 W52 B AN 0%, 328 4 30k 80 0% A - IR - A 70 585 1 B Bt i R R i ok, BB B2 it
B PEAUCEL R BE; 26 2 BrBORARAS/DN, IRER AR N, R BOR MW A 1 AR 00 T 2P R
H1 MCM-41 #l NH,-MCM-41 A 5] iy Bt &, % L4528 o LA, NH,-MCM-41 15 4% /> B B2 B i3 5 B
P, UL IL RS ASESE T A REXE 1,2-DCA BISER ), X5 8 o b s R — S

=z 3 MCM-41 1 NH,-MCM-41 R [} 1,2-DCA I TR A3 BER &S 3

Table 3 Intra-particle diffusion model parameters for 1,2-DCA
adsorption on MCM-41 and NH,-MCM-41

‘ BB 2B 3B
ﬁiﬁj 2 2 2
k,, C, R ky G R ks c, R
MCM-41 293 0.098 0992 084 6533 0986 0.12  10.547 0.667
NH,-MCM-41 385 0.067 0998 095 9.116 0989 0.24  13.205 0.762

A e AT, EIE RS AR RN LAY . LA RN b R T AR A A > T2 10% . 25% Fil 26%, 1
B 2SR T T 32.68%, ORI —Jri, EFEBIEIR, Hobh NFEFESEMBE X, 15
Bid B F, (EASA R R ) o = % N, HE58 T NH,-MCM-41 5 1,2-DCA 2 [i] () 4F I F1 1,
Jy—Jrifi, 12-DCA J& TAEMMES> 7, &FEBUR TR R I 223, MK T NH,-MCM-41 B
PE, HETTEE S T MRS 1,2-DCA #3617 .
25 FRWMoHR

g E— R 5 MCM-41 L) & NH,-MCM-41 % [ff 7K & 1,2-DCA #9417 &, * ] Langmuir il
Freundlich 55 I W B A58 AU S0 55 35 4 474805, Langmuir 7 # W3 (5), Freundlich 757 2 WL (6).

bq.,C.

4= 11pC, )
1

Qe = kacn (6)

K. C RV EWRE, mgL™'; q Ml g, BV W EMEIS R KWK &, mgg's b, kM



20 WO T R ¥ ) F 174
n 4393 & Langmuir W B} 5 %% . Freundlich W% B 5 18 -
HOF Freundlich 2856 % %8 161
M E 9OFTLLAE th, 284K XT T 1,2-DCA 14r “e

1 S O 5 2 - e 2
SO S8 O Y88 5 3 B e 148

Iz AR, ¥ — E R AT A Langmuir Al

10

a NH,-MCM-41

W B e/ (mg - g7

Freundlich #1 A4 , Ui BH B R g 2 5 2 2 or 7 = Iﬁi?gwmi}r

W B 3L A7, MCM-41 Fl NH,-MCM-41 X} 1,2- 41 s Freundlich
DCA % i W By Langmuir 81 & R* 43 %1 & 0.936 25 5 10 5 20 25
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Adsorption of 1,2-dichloroethane in water by amino modified MCM-41
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Abstract In order to control the pollution of chlorinated hydrocarbons in groundwater, NH,-MCM-41 was
prepared by copolymerization with 3-aminopropyltriethoxysilane (APTES) as the modifier. The structure of
NH,-MCM-41 was characterized by XRD, SEM, TEM, BET and FT-IR, and its adsorption behavior towards
1,2-DCA in water was studied. The results showed that amino groups substituted part of silicon hydroxyl
groups, resulting in the rough pores, while slight change on the hexagonal stacking structure of NH,-MCM-41
occurred. After modification, the specific surface area, pore volume and pore diameter decreased by about 10%,
25% and 26%, respectively. The introduction of amino groups enhanced the affinity and adsorption capacity of
NH,-MCM-41 toward 1,2-DCA, and the adsorption capacity increased from 11.75 mg-g' to 15.59 mg-g ' with
an increase rate of 32.68%. The kinetic fitting showed that at the initial stage, NH,-MCM-41 adsorbing 1,2-DCA
was controlled by physical adsorption, and it was mainly controlled by chemical adsorption during the
subsequent process. The fitting of particle internal diffusion showed that the particle internal diffusion process
was the main speed control step. Isothermal adsorption fitting showed that the adsorption sites of NH,-MCM-41
were evenly distributed, and monolayer and multilayer adsorption coexisted in the adsorption process. At 20 °C
and pH 7, NH,-MCM-41 presented the best adsorption toward 1,2-DCA. Humic acid (HA) and coexisting
anions inhibited the adsorption of 1,2-DCA on NH,-MCM-41. Thus, NH,-MCM-41 could effectively adsorb
1,2-DCA in water. The research results can provide a relevant reference for the treatment of polluted
groundwater by chlorinated hydrocarbon.

Keywords MCM-41; amino; functionalization; adsorption; 1,2- dichloroethane
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