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Abstract

In this paper, bulk solidification of sulfur and waste oil was carried out by reverse vulcanization
method, and bentonite was combined to obtain bentonite/sulfurized coal oil composite adsorbent
(BSO). The morphology and composition of the material were characterized by SEM and FT-IR. The
adsorption properties of the material were studied by changing the dosage of adsorbent, the pH of
the mercury ion solution, the initial mercury ion concentration and the adsorption time. The ex-
perimental results showed that the adsorption effect is good, and the maximum adsorption capac-
ity of Hg(II) reached to 88.34 mg/g when the amount of adsorbent, mercury ion concentration, pH
and adsorption time are 0.02 g, 50 mg/L, 4 and 120 min, respectively. In addition, BSO has good
reproducibility. It was found that the adsorption capacity of BSO used five times was not signifi-
cantly reduced, reaching 90% of the initial saturated adsorption capacity.
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BT IR R A, PR RE S HE RIS B ORI, AMEE RE R 25 8UR, 1
HXAESRGMAIEEKEW[1]. AEERIGHT, KETHRRETGREERE, 3%, KE—f
HETRA G, T DA o 52 oK 1 115 YR K S R K R BRATH 2 55 2 2 2]

HuA AR BE K P HE R FEHOIE OR B ROk, @2 O IR L Bk, RE R A
270 300~500 JI0, T RGN ) PR E, TR TZRES, SRESE. HilER.
THIREL . AR PG ST AR ™ FO AR (3] ANV i WK st v yih 2 S oxt Fi £ FH il B P 3l E nl
AR, — B ARSI ReE s, Wk M, EEEUE, Mt Ma i 2 eiEme®,
Mo BB AR K (4] R SEBLHBYA M O AL BEANRI T, SE BRI IS G, e H TR AR A i
FHIF R AL

TR 2 Bt A S8 1A I R PP TR BB A i ) oMb 3 BRI 7 i 2 — o BB LR A 2 i A 7 RAR B AR AL
FIILA R D T HAEMENER 5%~10%. K, Uk, KA BRI GR AT 540 R S A4
HEARBOPEDE H 2 38051 5% MBI G, A BRAG (3 ORI AR, JF 5 > B AR LS A (i
L4-Z ORI T Zp, R IR R BT SOR6] (7], BRI, BRAT LA & R R R B AR B
ERGERY], AP R B IR E REASy, B DA 5Bk BOM LR A IR EF I PERE(S] -

S A — AP RARAG A, R E R R S MAT, T RAT BOK A AR T AR 5 PO W B < R
T35 BRI R R A B Mg g, IR HIRINEOR « 5 BYRK ST T HUS A IRCR 9] [10] [117.

b o ) = A 2y S R TR H kA, e P S A KR AR RIS TR 12], ASCHE I R A i,
FE 185°C NELBUIIT 30, AR Rt 2 ke — B tHFEHE[13], SR XU HJk 55 v i op AN v A0 s s R i A4 5%
&, BRI L, PSR /AR S, BT T IR R E T IR, F ST R ROR .
I, AR AR B AR RE Sy, T HL A P R BORORIE R, il TR, s, M7
i, EA A E TR K 7k BT AR -
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2.1. SRR RN

2.1.1. SEIARRILEE
SEIRZG N BRI 1 5% 2,
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Table 1. Experimental chemicals and reagents
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Table 2. Laboratory instrument

2. SEU{NER

e T RS C
BOLCH ST WA 66 v TU-1901 e HE AR A R T AR
18 B AR AT MR Spectrum One Z[® PE A F
EEEHLEERE: JEOL-6500F HAH 72w
EENISENS i) TD5A-WS SRR IR A A
FEWAG 10-5000 pL KIS (AL ) H IR A
HLF 2 R CP214 BREE RS A PR A F]
RN AL 3054 2% CL-2 NIRRT T84 PR A

2.2. WRBIFRIRHIZ

HY 6 g Bk, AOAF] 100 mL [RJRFEHE, B INIE] 185°C, TEMAE AR, X5, A E SRR
4 g Mt , MU EE 5 min, BEEIIN 2 g i+, F4ksinddisE 2 h, AE 1 h, PNEBIR T,
TR RE, B RAT 2 o

2.3. WRPEFIRT He (D)W Mt g ffF 58

T8 I A5 FH R L /A VR i SR A P (BS O AW R FIEAT 0 LR B 5258, JEAT T — RAIWIP S50,
WEIE T TR B IR &, He(IDVE pH AR, HI146 Hg ()R B2 AN s (A% I B 2R () 2

fic i 30~80 mg/L ] Hg(NO;), briffit 2 75W, HL 50 ml AR 100 mL BB, IIAN—E &1
MR, A 0.8 mol/L AERVA R A 0.8 mol/L 1) NaOH W W pH AT 2 1 £ 6, 1£25C N
JIFE, WP TR] A 5~120 mino 38 I A58 FH SRR 43 016 ' FEE vk I W B J Vs oK B 1 IR B2 o RO B2 i
KN 493 nm, RIEF it 5 BSO Xt Hg(1) W5 BB AR =

C,—-C.)V
A )
m
R = G -C. x100% 2

0
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FH Co (mg/L)F1 C, (mg/L)5> 572 Hg(I)FIWIGEAI~PATIR I, V (L)7/2 Hg(I)¥E R FIAF, R (%)52 LFR%E,
M m (g)/ZFTH BSO HEE. EARN 7 FFHITHITE IR EE =K, PRSI0 EE i s A ]
EEM.
2.4, EMIFIBEMEEM R

FH T 25 4 Ja (1 W P IR 2 — b ik R, BRI R DAE R R A o E et B - A R A R
FLR VA BSO MO FAEME. BB S238an B pos: Bk, B 1.9 g iR 5 2.083 mL K ELEE & 50 mL Fedf,
WIRIGHFS A 250 mL AEMN, HEBTABBEEZELINES, 1EAEIEEH. B E K BSO
TINE] 50 mL et b, AR5 IR A YILE 500 rpm N FHRE BRI RE 3 ho 3L 0URR iR 20 6 6 B V200 52
IS I He(IDWREE, AR BSO #5351\ 50 mg/L RSER R T, =AM R 5 %, HIRES
W B 1) ) P A A
3. ER518
3.1. IHIFRIROSRAE
3.1.1. 584

I I YA (a) B FT-IR 3B 1), 7E 2932 cm™' #2850 cm ' 4y 2 A 5 R H g 9-CH,-, i1 T
AR T RRIE H UL 0 T S e, g HILAE 1728 em™' [14], @it BSO(b)f FT-IR
PERIHT, 1E 1041 em™' B (WIS A Si-O-Si B A KPR 48RS, 795 em™ &by MgAI-OH HREh W I
W, P54 R L0 AN AR IE[15]. S 4h, 7E 658 cm ™' RIS EE R T C-S, IE LR T St REy,
ZEG TR, BSO MEHWLAMERE S E T —EL.
3.1.2. BB
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Figure 1. FT-IR spectrums of sulfurized waste oil (a) and BSO (b)
B 1. #b545H(a)F0 BSO(b)AILIIMER]
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3.1.3. #RAY XS L TREIE R

K 3 Mt %1 BSO 1) XPS i /&, S2p. Cls Fl Ols WLl Ig A7 B 4> 5N 164.1. 285.0 A1 532.6 eV, i%
T B 4 R SO IE R R SR AR A 16].
3.2. ERMEERIRTR T
3.2.1. DR F5RIAY A 23 IR MR A

MIREEN 25°C, 20 HIEL 0.01 gv 0.02 g+ 0.03 g+ 0.04 g+ 0.05 g WERFIIAF] 5 ANHKEE N 50 mg/L )
50 mL FRIERARHERS W, B EFEHN 600 rpm N #E /I8 FEBEY 210 min, 3845 F XU A 29 606 B v e
W B JE T R T IR B o SRS TR B ) 4 X Hg (LD R B = o

1 00 11.7 n SE [

Figure 2. SEM surface topography images of BSO
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Figure 3. XPS spectrum of BSO
3. BSO R XPS iZ[E
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ke 4 Fos, 2 Hg(IIREE— €M, BEAE R A Raghn, IR A g in,  J5 s,
FERHR At 758 2 MR B A s RGP [, (R AR R T 0.02 g I, G BN it — 1k, mIfit
WRBR AR 8 1M H AN, WP I T B, RIS SIS LU 9 0.02 g e EEMR B 771 B

3.2.2. ¥ Hg(IDEE TR B X IR MR B R0

M 25°C, FREL 0.02 g MBI BN E] 6 AN 435008 30, 404 50 60, 70+ 80 mg/L [t 50
mL FRERPRAEVA MR, B 3 600 rpm T4 /38 HE P 210 min, 388 A OURR TR 23 06 016 V20 5 W
B ST PR B - BOUR FE o TSRS IR IR B Hg(10) F IR B 2 R 25 B 6

w5 fras, 2 Hg(ID) Bk BEBWTIE INmE, Wt SR GG, (H2 AT R 2 R 2 BE A5 VK FE 3
A . W B 5 3 2 KA Hg (1D B8 ik BE RGN, - BOW PG PE AL sk B L 23 350, (H 2 24 Hg(ID &1
50 mg/L I, R BRI Hg(1D) B - (R B Be e T A, 2B T B A 2 He(ID) B iRk BEARARI, IR
MFEE RN, KBERIEES. BE He()E FIRERM, LBREZEHRD, KEMABREFE—E
W T sk 5 pA) A8 B PR AR BRI AR BV RDIRAS s P DARRCBRS FE 088 . eI RT %0, 50 mg/L 2 EWIG Heg(ll)
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Figure 4. Effect of BSO dosage on the sorption of Hg (II)
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Figure 5. Effect of initial concentration of the Hg (II) solution on the sorption

Bl 5. ®ifh Hg (#1967 B XS IR IR B #2000

DOI: 10.12677/amc.2018.64014 124 MRMEZERT I


https://doi.org/10.12677/amc.2018.64014

EH

3.2.3. RET AR pH % IR MIBURE R

YRR 20°CHY, @I I 0.8 mol/L ¥ NaOH ¥R L B K B4 100 mg/L 1) pH 43714 14 2+ 3+ 4.
5. 6 PIARHER BT 50 mL, 75U 0.02 g P77, 152 E 3% E )y 600 rpm T 7745 # W B 210 min.
A I A8 FH UL IR 016 ' FEE V2 M PR B VR R B 1 IR R B2, T B AN () R B 1) 7y FH Bk Hg (1) P R B

miE 6 i, M Hg(I)KE—Enr, B pH EEIN, WEEAKEm, JEEE pH RS T #
BHOREN & AL, & AN FER, X Hg(I) A BRI EE 71, ¥R pH FHEiRt, Wl HOWRER
i, MEERTHN & T AR, W He(D)BE /TR K. 4 pH AE KT 4 BF, ZFR3 AR 2218 %
i, 24 pH KT 6 i, W OH-JF4RS5 He(IN)45 & A UTie ZORYI I 25 W Y 1) 26 i, BEAS Hg(1n)ik
—BW . 2 BRI, fE pH oA 4 B, WP RIA R R LE.

3.2.4. W Bt iE) 5 URL B 380 SR O S Ml

U FE 9 50 mg/L IR AR 50 mL, AIAZEI/NGedrdr, A 0.02 g W7, 24 600 rpm /)
PEFEE R 20 BRI 150 30 604 90, 120, 150, 180+ 210 min, 4R/, I FHXUBR IR 20 06 FBE vkl o i
Bt F VAR R TR B TR B, TSR [RIET [RD6 Hg(ID AR Bt . 18] 7 BT, 78 0~60 min B¢, Hg(ID))
W B BRI I, 60 min 25, MORMIIUR B s IR S T A, SRR MESEN N, 7E 120 min LUS
WP LR FF AR, Tk F) 88.34 mg/g.
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Figure 6. Effect of pH on the sorption of Hg(II)
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Figure 7. Effect of contact time on the sorption of Hg(Il)
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3.3. M BEMRERR

JBEPEE PSRBT FE 1 IR BRSSPI PR AR R RE BB A A OB R N, Hg(ID AW T RE 112212 T %, 4ol
B -JBE IR B 5 IR J5 5 R PR e 24 D A VLRI PR 5 1) 90%, TS AR OR35S0 1RO IR B i

4. g

ASSEBGE VAN A B JEORE, TN IIA Y, FE A IE TR R RBURIT IR, AR 2 e — H i3
B, RRE HE S AR IR R ARG, EININZIE L, AR, DHEA R, JFHRIZR
B ARG L0 B2 B Hg (I WO2EAT W B, SR FHOSURRLIER 20 Y 6 BEVE XV U Hg (LD )& et AT 1l E » i
SO, AR 259 pH BN 4, REBUELE 25°C, WIS 0.02 g, WRFI [E]24 120
min [, Hg(I)IERHIAEARE N 50 mg/L IR BT RCR felif s B4k, BSO HAMREIIHEARES, 5 MEHE,
PRI B AT SR DR R AT A6 VAR PR HRE ) 90%

SEEk

[1]  5K¥e. KARE S RIS YR IR R A RON[T]. TLF{E T, 2017(3): 138-139.

[2] B, BRI, xR, & R EIRIEREE AN AL LFH, 2017(1): 188-188.
[3] FRENAE, A==, ARAERE, & A AT R DT[], Bk ik, 2017(8): 169-173.
[4] GR%E, 1R, FSCIR, &5 Huhuh i S AT TR R[] B LARHE, 2010(7): 27-28.
[

5] Worthington, M.J.H., Kucera, R.L. and Chalker, J.M. (2017) Green Chemistry and Polymers Made from Sulfur. Green
Chemistry, 19, 2748-2761. https://doi.org/10.1039/C7GC00014F

[6] Crockett, M.P., Evans, A.M., Worthington, M.J.H., ef al. (2016) Sulfur-Limonene Polysulfide: A Material Synthesized
Entirely from Industrial By-Products and Its Use in Removing Toxic Metals from Water and Soil. Angewandte Chemie
International Edition, 55, 1714-1718. https://doi.org/10.1002/anie.201508708

[7] Chung, W.J., Griebel, J.J., Kim, E.T., ef al. (2013) The Use of Elemental Sulfur as an Alternative Feedstock for Poly-
meric Materials. Nature Chemistry, 5, 518-524. https://doi.org/10.1038/nchem.1624

[8] Hasell, T., Parker, D.J., Jones, H.A., et al. (2016) Porous Inverse Vulcanised Polymers for Mercury Capture. Chemical
Communications, 52, 5383-5386. https://doi.org/10.1039/C6CC00938G

[9] pesdaidh, sEfE. AL LR B K LS R v RERRF T[], B, 2007(7): 100-102.
[10] 4RZE, AP, 4RICEH, %5 FiiE L5 B AR TS e A A8 ORI [0, R BRI S5 I B4, 2017, 34(1):

38-46.
[11] XN B, “FReE, Hé&, 55 AVLCERAE L T &8 PO A E TS e TSRS AR5 I]. TENLER Tk, 2016,
48(5): 35-39.

[12] BRZ, #A, B, 55 Mg RS mRHI SRR, BT SR, 2017(9): 1-3.

[13] Thielke, M.W., Bultema, L.A., Brauer, D.D., et al. (2016) Rapid Mercury(II) Removal by Electrospun Sulfur Copoly-
mers. Polymers, 8, 266-275. https://doi.org/10.3390/polym8070266

[14] Vb5, BoE, LRI, & ([0 AR B A A5 S v sl AT 72 [)]. BUACE AR, 2012, 28(6): 707-708.

[15] M A5, b7 b, ¥ 5, % EE&RE AN L KRR S HLELD]. A5 TR %4, 2013, 7(7):
2775-2780.

[16] Worthington, M., Kucera, R., Albuquerque, L., et al. (2017) Laying Waste to Mercury: Inexpensive Sorbents Made
from Sulfur and Recycled Cooking Oils. Chemistry, 23, 16219-16230. https://doi.org/10.1002/chem.201702871

DOI: 10.12677/amc.2018.64014 126 MRMEZERT I


https://doi.org/10.12677/amc.2018.64014
https://doi.org/10.1039/C7GC00014F
https://doi.org/10.1002/anie.201508708
https://doi.org/10.1038/nchem.1624
https://doi.org/10.1039/C6CC00938G
https://doi.org/10.3390/polym8070266
https://doi.org/10.1002/chem.201702871

| %
Hans XM
KPR ZR IR 3
1. $TFF %0/ T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJID
THFRAEESE: [ISSN], FAHIT) ISSN: 2331-012X, BIATEif]

2. FTHF 5 T http://cnki.net/
FEMN I BROSCRREE” BEN, BN SCERRE, B

AmiE S http:/www.hanspub.org/Submission.aspx

HATIMEFE: amc@hanspub.org



http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:amc@hanspub.org

	Preparation of Composite Adsorbents from Bentonite/Sulfurized Waste Oil
	Abstract
	Keywords
	膨润土/改性地沟油新型复合吸附剂的制备
	摘  要
	关键词
	1. 引言
	2. 实验部分
	2.1. 实验原料
	2.1.1. 实验药品及仪器

	2.2. 吸附剂的制备
	2.3. 吸附剂对Hg(II)吸附性能研究
	2.4. 吸附剂再生性能研究

	3. 结果与讨论
	3.1. 吸附剂的表征
	3.1.1. 红外分析
	3.1.2. 扫描电镜分析
	3.1.3. 材料的X-射线光电子能谱分析

	3.2. 最佳吸附条件的探究分析
	3.2.1. 吸附剂的用量对吸附效果的影响
	3.2.2. 初始Hg(II)离子浓度对吸附效果的影响
	3.2.3. 汞离子溶液的pH对吸附效果的影响
	3.2.4. 吸附时间对吸附效果的影响

	3.3. 吸附剂再生性能研究

	4. 结论
	参考文献

