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H1% Fe,0,@UI0-66-NH, #7131 B4 1) 28 52 H 3+ 7 BF B 15 i %

x| W, AL 3] A
(PEFHER T R~ b S54k2e TR B¢, 307 WLFH 110159)

TEE: AR#A RS R Fe,0,, A5 Lo (MAA) 5+ Fe,0, 4 KA F #H 47 'F A H R A AL, R 5 A UiO-66 H LA ) 4
FEVEA B HUE A A Fe,0,@UI0-66-NH, , 5 5t S0 9 3L 35 347 R W, 42 T8 12 4% 1 4% 5 49 v 50 55w o) - 09 Rk b A
PAT AL, FEMA R F G E pHFER AR MG Y n, EREAVN S 2T R E MR KE
# 4.00 mg/L A48 2 A 4 mg Ik % 8 R A 90 min pH # 9 i}, Fe,0,@UI0-66-NH, x I ¥ 3 3 64 o8 My 2k R & 4E , &
W A 45.67%, B % A 15.03 mg/g.
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Preparation of magnetic Fe,O,@UIO-66-NH, materials and their
adsorption on methylene blue

Liu Yan, Tang Zhuxing , Jing Jingxiang
(College of Environment and Chemical Engineering, Shenyang Ligong University,
Shenyang 110159, China)

Abstract: Fe,O, was synthesized by hydrothermal method, Fe,O, nanoparticles were de-grouped with
mercaptoacetic acid (MAA ), and then the magnetic metal-organic framework material Fe,O,@UIO-66-
NH, was prepared using UiO-66 as a template, and the methylene blue was adsorbed. The prepared
magnetic materials were characterized by scanning electron microscopy and transmission electron
microscopy, and the effects of material dosage, oscillation time, pH and other factors on the adsorption
properties of the materials were investigated. The results showed that when the initial concentration of
methylene blue was 4.00 mg/L, the material dosage was 4 mg, the oscillation time was 90 min, and the
pH was 9, the adsorption effect of Fe,O,@UlO-66-NH, on methylene blue was better , with an
adsorption rate of 45.67% and an adsorption capacity of 15.03 mg/g.

Keywords: metal-organic framework materials; methylene blue; Fe,0,@UIO-66-NH,; adsorption
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I AR RO T XA [ R A AR AR B
[ AN R I 7 <y 7 S /N (TR 8 i e 1
—E M JRIBR A , AT RE S R AR 5 2 . filan, S4k
DR 2 T B R TT G T A ) o i 1 5 A
Kfa], RREA RO A ML G . AR, T
2 H ARG B A A M E R =i s T
J7RBHIFE TR RS8R IR B R 5 A i
FIAG R b B s 22— , 1 AL A AR 22 58k SR b 1
{18 W B 50, 490 2« A FL A RE™ KR LT
/N7 (1 ANV S- BTl (/&7 B = SN
A R AR 2R AR I RE D 25
FA K AR DA B A B A A FRYE 3h = A A A K
PR AR

4 IR -A WL 2 (MOFs) b4 R H R A P F
P B A I AT R IE A A . LA SR A S
R Lo R T ARUR Ry LR AR 45, LRI SEARHE I BT 7
B ARG RE S5 T S A R T A R A bERE,
BCR T LA (R AT B G 05 B LAl
Ui, MOFs HA R b2z 30 e vk, HA A P 4L
B | e R THBURN AT R S5, T SCBLRTR I A T A
FLER T RELL , 3 & MOFs W Btk Hh oA 834 R (9 1 4
IXSEREM A MOFs 76 2 /K A B gt L 5| g o WF5E
FHIHE T MOFs 78 1% K AL #1971 , MOFs 76 25 B%
PP ST R ARG B R B AR kL BT
AR ESE AL PS5, {1 MOFs 77
BB g ] AL A R A R A
IR = $ i WS . MOFs AR S W B 751 76 3 380k A
PR EAG Tz N X e S 2 A AT SR AR R
WAELY

UiO (University of Oslo) %% MOFs LA Zt* {E
&)@ ol R g1 2 A5 3], Ho 2L Uio-66 AR
F. Ui0-66 731 i Zr* )\ i R 5 HAR 1 2 Tl
sif AH B AR RG> T v B A X B AT R T T
Ui0-66 F 4f /Bt 2 i M fE LA K 540 °C 1 i =y T 1
e, TE AR Z S B )1z W AT S, AR SCTE
Ui0-66 iy LAl b5 AT —SED BB 3L M, 41—NH, .
—COOH ., |} %%, 3% T Uio WML, 5 T Uio
IUFEE S

A SC 7K % 4 1 Fe,0, 31 LA UIO AR K A5 B
Fe,0,@U10-66-NH, #4 %}, i H 414 B 55 32 53 L 45
SEFRAETT A RHIEAT A3 BT, 98 J5 %o Yosh W R 3
AT BRL PR 28 W o 52 56, 300 Ao 45 o R 6 B ] . MOF's

AR k79 R S EN R e e A (P S R (3
SR I E B A S R B

1 SEIGEH

1.1 FERXFISNEE
1.1.1 EFERKF

A AK (FeCl,-6H,0) , P FHAL T30 )5 oK
LR AR AR 38 R A b2l [ 2 48 A T )
A IRAT  ToK B, 3 el , KEET & TR ik T
ABRAE A R, I ARSI T PO AT, A il
AT 5 2- B B R IR S BT R Ak TR FR A
AN, N-ZH G F e 0 BTy T A b I A B
/NI
1.1.2 FE{UEE

HLF KF (BSA224S I | 38 £ R Bl 24 R b
A BRA ) ; H2S T4 4H (D2F-6030 AU, 1R HG 2%
LI A A FRA D) 5 K TH R AR 7 5 (SHZ-82 Y
ST A R R s RO S AT L 43O
T (TU-1990 Rk 5t 5 B id AL AR A IR STHEA A 5
& AR B DAL (TDZS-WS R 185 7 143 52 56 28 X
R I R AT PR D) s BV IR &M U 48 (KH-
100 74, JL i T ARALES A BRA R H B B
Bi(S-3400 %), H 37 A w]) s pHIH(PHS-3CHY, ik
WA RA R R .
1.2 #EHEE

Fe,O, il % : L+ K F-FRHL8.1 g FeCl,-6H,0
B fRT 150 mL 9 £ [ (CH,OH), i , 7E /4
PP PP 2 50 VAR LIRS InA LS ¢
HIFTEERR =8N F 14.4 g NaAc, HUBETEHE 12 h 555 A
200 °CHY R A, B AfE IR 1146 s 10 hy, A
SRS AV B IR AEAMINBESA G BT 288, I K
ZRIBIK FTC /K < I 205 Ve B 2 I W US L 7
T 7 T 146 60 °C R T8 3 h, 15 £| Fe,O, 1 1 1
Bk DL R I . S 2R (MAA) X
Fe,O, 40 Kb F AT B BE A B etk . DL BB rp
il HU Y Fe,O, Sk AR HL 0.1 g, 2 B 20 mL ¥ &
0.58 mmol/L & VW , — B A B MAA ¥ (F
B, Tl BRI T EHATERAE) T AR w4 PR B
24 ho FEERTESMNINEG Y T UCEE RS IEAE R
BT KM 2R, BB RS A5
3 WA T B )29 W, 15 B s A S Y
Fe,O,.



2024 46 H

LR RS

W46 % 45 6 WIS 375 ) - 65 -

Fe,0,@UI0-66-NH, 1 il £ - ¥ Lk i 54k J5 1Y)
Fe,O, A & A 15 mL — I Lt iz (DMF) (0.12 g
ZrCl1,F10.09 g 2-Z XK —H IR MRS Y+, 7E R
i TR 30 min, #0R 508 B E—2P IR
B AR R, R A T R TR R A
120 °CHY £ 1F T AT I 24 he B HIB SR 5 %
N Je B AR FESM IR 0 244 R
N, N- = H 3% B g e &2 vk i Je 15 8 A R
Fe,0,@UI0-66-NH,, 7E 60 °C T T4 3 h 45 5 [ {4 5
LA g RN

2 SRS

2.1 Fe,0,@UIO-66-NH,RIEH T

2.1.1 Fe,0,@UIO-66-NH, R 57 5 #7
Fe,0,@UI0-66-NH, 1) 414 HL 455 [E A & 1 o

L1 A] DLz B (L2 KNI RO | ok 3%

TR AF X RELRE |, 43 FBOAE R 35 2, A RE 35 2 b 17 287

Fe,O, B VEA B} 11 .

(b)  400001%

(a) 800001%
E1 Fe,0,@UI0-66-NH,ZER B AL TH
R BEER
Fig.1 SEM images of Fe,0,@UI0-66-NH, at different

magnifications

2.1.2 Fe,0,@UIO-66-NH,H)iEST R4S 47

Fe,0,@UI0-66-NH, (137 i H 555 16l an 1] 2 i 7
H1 & 2 7] WL, Fe,0,@UI0-66-NH, 4 4 1 flohs R 44 2
S 100~150 nm , BB TG, TIORLI 2% AH X HELA
2.2 BAALEOIR B i BE T TE
22,1 HE A EIERRE &

(1) B S B M A 28 A SRy AR TR S 5 7 I Y
WE R ARV, WERA FH HL - P FRH 10 mg 37 FH 23
BT 1 LZg K, 7850 1t 30 min, (I RIE G 1Y
Yo ZIEHEN R 10 mg- L 4 H R 5 i £ A

(2) 73 5ol BBUAis 5 V0 o 3 1 A 5 ) s o
F1.2.3.4.5.6.7.8.9 F1 10 mg-L" (/9 W H &

el
(3) 55X S5 e C T AT A HE IR, T 218K
S LRI, 23 0 LR T, A eI e BE A
(Db, WK 3 s

(a) 100 nm (Ib)SOnm
E2 Fe,0,@UI0-66-NH,ZE AR E4RR LB T BE ST B R E

Fig.2 Transmission electron microscopy images of
Fe,0,@UI0-66-NH, at different scale scales

WOk
N\

o 1 s s 4 5 6 1 s 9 10 u
P R B /(mg L7
B3 F R BT ATME 2k
Fig.3 The standard curve of methylene blue

B3 AT, I OBE R Y A R M 2R A=
0.17532C+0.04292, tHX R £ R°=0.9981, iZ i £k 11
LMEVER 1~10 mg L,

222 A E TR R R

B8 AN HETE G AR 2, 43 B A T B i 1) e
JE 410 mg- L' B9 H FE# 25 mL,# 1.2.3.4.5,
6.7 F18 mg i Fe,0,@UI0-66-NH, 73 5| it A LA I 8
AHEE R K E AR 37 25 2 % 30 min J5 L
0, G AR R A IS, AT RHILUE , B
W ZE A0 o OGRS T o3 A5 25 AN OGRS AR YR T
TR 25 W0 2 R B 23

c,—c. )V
qﬁi( °me) (1)
= 97C% L 100% (2)

Co

n
2 2 g, R B I 3 48 B ) W B L me/g s ¢, M)
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LRI TV B, mg/Ls e R A I BT i Mk B, mg/L; 1V
SRS AARTL Ly R W B3, % o 045 WG o 0 2 e
FRGEA R AR R A 4 TR

F T 4 R D0, Bt 25 Ak FH A A 5, %o S FE 56
F14) R T 320 3 o AT, O 86 23 8 T 38 I, A E 1 R
1~4 mg B} W BR300 B0 PR, 9K 0 B 6 b
(14) 348 22 W 6 23 1) 184 o o 3 B O 2% L R T T AR
E o 7 FE WV TR 1) R FEURITAR 3 — ), WA A 59
SIS REOR A S REMES , YRS
P MRV RV RAG . BRI, o T 2% e RO B
BRERE, 2SR A 4 mg B R R B I RS R A
HOM13.80 mg g, WRHR K 53.82%

28 - 65

26 |
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24 \ I/./
— -m- R 55
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4
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D o .
E s} . 145 5%
- =
= AN =

e HEImg
4 P E X IR R RSN
Fig.4 Effect of material dosage on adsorption

performance

2.2.3  #R3% B iE) X O B i BE RO 22 A
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433 mg'L', ¥ LR IE W 12 B, 25
A 4 mg B Fe,0,@UI0-66-NH, ¥4 ¥}, /K 154§ 1%
MEER TR, 2 97E 10,.20.30.40.50,60,70
80.90.100. 110 1 120 min Ji7 B - 375 ¥ 0 H 0 O i
(FHREASAE TS SR Fe,0,@UI0-66-NH, J5 {8 H3 |-
TR AR AT W B — 255 R B
FRITIRZ RF 23, 00045 W8 R ik A0 2 o6 3% B 4 357 BeF 1] 1) 28 £k
WK S PR .

FH & 5 AT O, ZE IR % B 18] 24 10~90 min 2544 F
W% 665 551 F18) 1K Bf 2 N 6.676 mg-g ' 1 %2 16.4 mg-g', T
BFF 2R N 28.06% 16 = 75.75%; 22 )i Bifi % 4% 3% 6 18] 1)
S8 TR o e R B e AT G (R R RS R, T B
1 TR 3% I )G K, B R SoF ST Y 35 1 0% i 28 28 ik 2]

TRLFIT , 30 A o ek AT R o 3R 48 R G2, DR W iR 35 1 1] g
90 min B} W% BfF &k SR R 3E CE, WEOBF R A F)
16.4 mg-g", WK 75.75%

18 -

o 180
- /./|:|:I§=
7 470
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=) SN
5 12 %_i—
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Fig.5 Effect of oscillation time on adsorption performance

2.2.4 pH IR Bt EERI R0

HCAIE AiE 1 00 3 BE R 0.60 mg- LAY 7 T 3 5
25 mL 20 A 74 50 mL A #ETE R, (6 F pH 3T
A3 R BN HETE R pH o 5.7.8.9.10 11 AT 12,
TEME R K IR % 48 T R % 30 min J& , AMIN#E 5 915
DU B A HETE IR 35, 0 44 pH 25
PIWERE R AT R S PR3 A X
T R 56 AR 6 23 300045 18 Ak TR B 23R Bl pH
(AR AL AN 6 FfF 7S

14 —m- s
L E

1145
.il
1B / 410

1%

% B /(mg g )

pH
BEl6 pHXtIRHIERERI RN
Fig.6 Effect of pH on adsorption performance

P PEL 6 1T DL 5 9 pHL A3 K B A I Y
R T ) R < 0 R R 3 5 B ST R D D B
pH g 5~7 IF , A ARE 08 37 FHY 66 i ) A TR o 3 48
TN R eN% , pH oy 7~9 I, B4 kX V. R 356 i ) 0%
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g 12 B S5 098 i B 5P, 2 pHL Ay O IR R B A
W B3Ik B 5 K, Z 5 B pH A 3S I, A4 REXT 7 H
LR 1R W B 2 R B R TR B AT RE S T pH At
MR T MR 25 G, (AR 2540 R A= A8 Ak, TR A7
AL 2 BE Z AR A, DA T W BRE 2805 7 A 5, 50
pH A 9 B, B4 Ak Xof S B 66 A 1 WO o 0 S i oy 3 L
W R R 13.545 mg- g, BR800 42.75% .
2.2.5 i EREIEANGE IR B 3T R 1 B8 A B0

HOR T 20 I R R A VR T A4
FEIR R B Hl R 2.3.4.5.6.7 A1 8 mg- L (Y IF H
FEWE I 20 mL, JlA 4 mg Fe,0,@UI0-66-NH,, 7
TH IR KB IRt PR 7% 30 min Ji5 , AMINRE 7 A1 100
T BRI VR e R B AR AR A 2 W B 1)
W, 22 S B R o A o 3, 05 A R R A
R H R TR B AR Ak an 18] 7 TR o

F P 7 0] DL, R Ak X I Y 35 A Y YA W o
SV FF ) G v R m B4 , ELSERE = REAR
TEE L5 e 37 h 4.00 mg- L' ), W2 B % g i L 3
43.89% , W fiHE 4 9.5255 mg- g, Him BV FF 3 % 11
S A T AR, PRI I R v B R 4.00 mg L
A 6k 18 WA R ASCR f hy E

12 7 46
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Fig.7 Effect of the concentration of methylene blue on

adsorption performance
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Fig. 8 Number of reuses

H L8 W] UL, 4 A B 52 R FH R BUOAS A2 S TR,
RPN I FH L 5 ) g 2 R e BRSO, L R 3 ik )
47% VAL, BB I B A3CR R4 5 AR B 2 R S i
Ji  BREX I FE 56 1 1 2 o 3 B S T ek 3, L
BT B2 47% LLF , W B PR B AR 2%, Bir LAM B
AT U 1 S O HL
2.2.8 WHEIAFEHR

455 SCHR(34], 0 THRSE UTO-66-NH, A1 B W
FEMLER, 51T $l— 8l J) 2# R R0l — 2 5y )2
MRS T o047, AR A 2 s R HEA T HE X, 25
FB R MR L — B Sy R RAE K
0.9569 , 7EH — 2 8 J1 2# A A i) RPE R 0.9989,
LR R IR B 52 55 3y ) 2 AR AT A 4 9 B )
R W 3 3 R Al R B . A S R Fe,0, 5
UIO-66-NH, #1752 45 , Fe,O, i #1 B B A B VE , IF A
S AR IR A AL 3L



68 + Jun.2024

Plating and Finishing

Vol. 46 No. 6 Serial No. 375

W Bt 4 1 S A 3T
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