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F 2#AL (SEM/TEM). RSt 3+ (VSM) RAE =4, TR ZWELE B TRMEEMT, [BR] RFHE&
8 B A7 2 B A& B R B (SA@AM) 2R B mE sk A A, SA@AM % Ak 3R 69 R 4 1.5~2.0 mm; MNP, AM,
SA@AM # BEACAE 55 4 13.8, 13.4 42 6.85 A-m*> kg™, AWM LB Z 7. SAQAM T £ 42 54 T (Pb*) I HaR
Mrak A, st Pb¥ e KA M E A 105.82 mg g ', KMHIE £ 454 Langmuir 52 R WA, T H R M-FREIHEN .
SA@AM 5 P 4 KR E=76%, |4 ] TR S EmMat LSRR TE4E POV A R F RIS, Flatriik
BRHA F RITO A AL, B 10 &1 425
EHEE: BRI F,; RO RBUE; SRR, R, 45T
hESEE: X52 XEKFRERD: A XERS: 2095-0756(2020)06-1112-08

Preparation of magnetic sodium alginate composite gel balls and their
adsorption properties for Pb**

WANG Jue', GUO Ming?, SUN Liping’

(1. College of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. College
of Science, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 3. College of Environment and Resources,
Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] Magnetic gel balls are new adsorbents which can efficiently remove pollutants and can
be reused. Therefore, it is necessary to prepare a new type of magnetic gel ball. [Method] Magnetic particles
(MNP) prepared by the ion co-precipitation method were used as carries for silanization reaction to synthesize
magnetic nanoparticles (AM) with amino terminals. A novel magnetic composite gel ball (SA@AM) containing
amino, hydroxyl and carboxyl multifunctional groups was prepared by coating sodium alginate (SA) on the
surface of magnetic particles with electrostatic effect. Fourier transform infrared spectroscopy (FTIR), elemental
analyzer, X-ray diffractometer (XRD), scanning/transmission electron microscope (SEM/TEM), and vibrating
sample magnetometer (VSM) were used to characterize the product, and the adsorption properties of the
products for heavy metal ions were studied. [Result] The target functional composite gel ball (SA@AM)
successfully prepared was of paramagnetic magnetite crystal type, and the size of the SA@AM gel ball was
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1.5-2.0 mm. The magnetization values of MNP, AM, SA@AM were 13.8, 13.4, and 6.85 A m* kg,
respectively. Adsorption experiments showed that the maximum adsorption capacity of heavy metal Pb*" by
SA@AM was 105.82 mg-g”', and the adsorption mechanism was more in line with the Langmuir isothermal
adsorption model. Repeated adsorption-desorption experiments showed that the removal rate of Pb*" by
SA@AM was more than 76%. [Conclusion] The new sodium alginate magnetic composite gel ball has
excellent adsorption capacity for heavy metal ions Pb*', and the magnetic gel ball has good regeneration
properties. [Ch, 10 fig. 1 tab. 25 ref.]

Key words: environmental protection; magnetic nanoparticles; sodium alginate; adsorption property; Pb*"
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MORARAINE], RIS ™ e s g, ke T ARG AN 5 SOk R o s, XL Iml i i
Mo PRI, A A T RIS A TR R MR — IR AT R R AR o 255 R R BA A Fey Oy YOI KL
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M FH A 0 T e I B A B R R AORE , BRAT A W SR B IR BT A K o AR GOk B AT ) T B I
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1 #MEEF&®

1.1 st

M EEFR M [(CeH,OgNa),, 980 g-kg™'], L/KABELI K (11)(FeSO 4 TH,O, 980~1020 g-kg'), &%
1kl (NaOH, 960 g-kg™"), FIL4S (CaCly, 990 g-kg ") Mg A HLM MM /R AR AR A3 3-EAH-=HH
FrE S (APTS, 2l 970 g-kg ) W A BT HL Tl 25 A PR A A A LEk () 7S 7K &9 (FeCly+ 6H,0,
980 g-kg ). LK LT (999 g-kg!). AAALEN (NaOH, 250~280 g-kg"). S LR (980 g-kg ™). FAL4T
g, R (995 g-kg ). SENEA I (995 g-kg ™) Wy [ FE 25 itk A BRA 7 5 S26 sk hzE
K
1.2 FHEREMEE R SA@AM £ & BRIk Hl &

TR T Fes04(MNP) 9 il £ 77 78 0 8 T AL DI iR, # 5.9 g FeCly- 6H,0 Fil 3.0 g FeSO,+ 7TH,0 ¥
fift 53 BT 100 mL ZE1R7K 1 mol- L™'NaOH i 19 pH 2 11.0, FAFHEMHRLT (MNP), 75 °C HAHie
40 min, ZEIRKFI I BEACRDRIRBOR o R IHIRIE 0 257, 76 P BEE AR A& L MNP, %5 .

£ 200 mL HEEHIIA LRSI #1528 MNP, fiidka#. A 10 mL APTS, A (Ny) R F (60 °C)
FIGEPERE 12 he HEEVEREOR, 1580 mZ LB RPE U (AM), #J11555 B P-4, A7 76 B s i
# Mo %30k [7], BL20 mL 10 g-kg ' W SRS AE LM, AR REM AM, HFHRE A E B
JEAbFE 30 min; FLHE 20 g-kg ' SALESIR , IR GBI IR S AL T BIR AR K T kA AL HK
B . R SRR A TR ER . BERCERTE CaCl, I FE /=i 48 h i, B4R PEREL
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W, RISH RIREPE IR SRR N 52 A BE IR (SA@AM). VR T4 H .
1.3 ERL a7 R LRI RIS

T ] S R LA (IR) 1% R F ST AR 2T AR R (FTIR) M, 494 ik 4k
M 4 000~400 cm ™', VRALER (KBr) He Rk filSORE St o 7= 000 XA S 40 B R R AR AT SO, 4
8 R 26=20.0°~80.0°, FAFHHE A 20 min' . SR FHAAH F - S A {SORNZ S L Sl SO R A TR o R U
ST . 3B S EL R R R R AR IR, MEL LA MNP, AM Fll SA@AM & A EEIRER R mTES . JR3h
FEM LR T (0~£1 T) PR REILIRZE,, MR 300 K JeZ M0 = Y1 e R 1) A & i
1.4 SA@AM Mt EEE B FRIMEEEMIK
141 -“FHRWEE oRlECH LT R85 E 10, 20, 30, 40, 50, 60, 70, 80. 90 mg-L™' ¥
PO* FRIEVS W (pH 6.0), JITA 1 g B SA@AM BEIEEKE T 50 mL %W, #F 25 C FFEeWefff 3 he B LT
W, W IR TP TR, AR L, SR PO R W B i RGBS
RRFF5I 1 38T 2 R A0 58 I RS R £
142 #HAFEMEE B g SA@QAM KT 50 mL Fife k¥ % 80 mg: L' A Po> FrifEiaik ., 1£ 25 C
PR, JFE S, 10, 15, 30, 45, 60, 75, 90, 105, 120 min [aAIBEERH L yE, IR i
MBS FURRE, 2l B i Bl s () AR f it 2, 45 2 BBt 3l Tyt 2k . st 30 ) AR R LA B
Rl 772 i 2k o2 88 i W R 3l 01 2 .

2 #R548
21 EBREFEMRLAES E

211 BAEF ekt (IR) 54 HIE 1
A A 560 cm A IR WSO UH i T N K g MR
Fe;0,(MNP) 1) Fe—O 4 ks, 3 428 cm™ 119
WG Wi 1 U5 J& T FesO, B9 —OH 1) 1 47 Pk s g 1),
5 MNP ZLAMETEM L aT AT #F 3 398 em™ [
Wi )T o 4 R AM Y N—H 45 R shid; 0
FH B 1) RF R ARTAS % 0 Ao 4 41 s e VA1 T 12 919 Al

2 844 cm ™' Y []Ei[_'&m%[u]; Si—O—C B84 ¥R sh W 4000 3200 2400 1600 800 400
WWETE 1059 cm b B, Fe;04 1 Fe—O SHEAYHF WA /em™!

fiF W% 0 0 7E 560 em ' BE . KA S MNP, B 1 MNP, AM. SA f» SA@AM #)4r5hb 3%
AM SA@AM E/‘ngﬁl\ij%ﬂ%u . E N_H ﬁﬂéﬁjﬁij Figure I FTIR spectra of MNP, AM, SA andSA@AM

WETJE T 3397 em ! YW s I AY ) AM . SA@AM # &5 Fey04 W Fe—O B Al H7AE T 1 14 562
em o ZE LTRSS AT ROR M RRIEGESEAR 5 Y SR AH— 20, W LUAE B bR s i

212 FHWAETRESH SN NMR R YRIET A RO BT SR EA R Rk v
TG, To RN ERRZRETE R, I, FIHICE 45 & X AT MY (XRD) S8R AF
XML ZE AT 00T . B 1 AT A5 RRSL AR T LIS AR . Rk L . A BREICEK . MNP &k
e AL R il £ 75 2 A A i A 2 AM,  AM H & URIVRE Y T 4 B0 (4.72% 1 4.98%) A Frdin . s ek vk
i) AM #5 U ZE7E SA@AM ', SA@AM 5 fEPERL T MNP, AM ML, Hilk | o0 595 e /50,

i A BOTRMEES BN, SA@AM 4 R1 EYRRNETERESY
ARE S T 85 AT G o L5 LR, JCRIMT Tablel The mass fraction of each element in the product sample
Jo b o ORI 45 2R 5 7 ) SEBR R R R AT, R — S TER LG %0
ARIE T UYL PR B ik £ A #
2,13 F 4oy F A (SEM/TEM) M) X, f=4) MNP 1327 001 1612 037 5325
MNP. Hig] Fx% (AM) L= (SA@AM) (E=| AM 14.74 4.98 15.97 4.72 47.34

#ﬁ Eﬁﬁ (TEM) . JEE# Eﬁ,fﬁt (SEM Eﬁlfj%a) HﬁHA %H’E% SA@AM 32.96 1.92 20.21 2.34 26.46
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Figure 6 Fitting diagram of the adsorption model of Langmuir (A) and Freundlich (B) of SA@AM
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222

AT
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Figure 8  Fitting diagram of gel adsorption kinetic model
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