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A study on nanometer oxide graphene’s adsorption
characteristics of strontium in water
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Abstract: Focused on the adsorption process of strontium ( Sr’*) in radioactive wastewater by
nanometer graphene oxide (GO), the adsorption model, kinetics and pH effect were investigated by
batch experiment, and the adsorption mechanism was studied by Surface-enhanced Raman scattering
(SERS) and Fourier Transform infrared spectroscopy ( FTIR). Column experiment was conducted
with GO coated activated carbon ( AC) to search a new method for wastewater treatment. Results
indicate that adsorption capacity of GO for Sr** fitted well to the Langmuir model and the maximum
adsorption capacity was 263.16 mg-g™' at pH =6.0—6.5. The kinetic model confirmed to quasi
second-order equation, and adsorption capacity increased with pH value from 3 to 11. Based on the
outstanding adsorption performance of GO for Sr’*, the material could be applied to Sr** removal
from radioactive wastewater. To advantage of the dispersion characteristics of GO in solution and
satisfy the need to separated it from wastewater, a coating process was employed to fix the GO on AC
surface (GO+AC). Although GO+AC had a lower adsorption capacity than GO alone, the coating
treatment definitely provided a method to separate GO nanoparticle from aquatic environment after
Sr** removal.

Keywords : nanometer oxide grapheme, strontium, surface-enhanced Raman scattering ( SERS) ,
FTIR, adsorption.
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OSr(IN) PO PR I 29 a, BOA R A MG BR IO MR 2 — " e T A5 R A 22
L, M EEA SRR R TS R A 2011 4 H AR 4% L SRR | EORCE  BS , ACd
PERRPR K E AT FSe( 1) A st si , SRARTE AR5 O LA HE I DRI PR Y 2B —
HRZBAMM)Z R AR E TR AW  ZALA BT GORBR T BRgOR A R
1 A5 Nt B30 I P BRI PO A R AT B SR T AT BRI B BRI T AR 2B R
O KA BRI K TR R i R B

A SR — TP A YRR TR RGO R T SRR TP BRI T LA sp® R AL 2 e RS
P REGH , F LR AR5 2630 m™ g™ TEREVE  FTAEWIREME AT HE R A T TR E
REPE DI A A R AG 52 40U BR300 7 P g BT SR T B 1 R R 1 % S 2R ] Hanmer
i MRS FANE P A7 882 7 1) 2 TR BT 2 T P = 22 2 A sl IR ), AR B R b 2 A A S8 0
NI AR B — L8 SR AL ™, 75 SR AL R RE 0 25 22 A2 5 (C—OH) JREE (CO0™ ) MIFR I
(—O0—) ETREM ™) HFRTENRF A 75 47 350 v AR L3 5 B BH B 5 40 42 M. o 1 3800 LA PR A
P, A3 HCT K P AT LOB RS AR, SR L AR S 14 X WE B RE 7 8800 8 T 5K i Cu
Pb Eu As U, Co %5 4 J& B ¥ FIA LI 1 AR A7 B4R 23 HUAE 7K V1 IS T 180 JIORLER /I | 3 LA MK v
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1.1 SEEGAARL R Ak 2

SCER T HL)Z GO W H Cheap Tubes Inc. ( Brattleboro, VT) , H A5 300—800 nm X .Y — 4 [ R A
0. 7—1.2 nm JE B (Z) RUEE, JCABZ S BR RN E B A A 22 4190 B 10 mg GO TH A 100 mL 258K
(>18.2 MQ-cm,25 °C) ,25%RE & 7 ( Fisher Scientific, Model F550) 43k 30 min 145 0.1 g-L™' GO 4%
B
1.2 WSS

FieH BE BRI 25 50,7090 100 mg- L™ 20 HIECH] 10 mL S ¥, £ 45 M S s inA 2.0 mL
0.1 g-L™" GO &, i GO VI 20 mg- L™ IRAE T HEF A 1L 60 romin 'R A 3.0 h,IRA
iR NaOH A1 HCL 5 pH {HAE 6.0—6.5. IR & 58 U5 , A AE 10000 remin™' &L 30 min, B
WG 0.2 wm FHEE RS R UG & 45 B I R G5 (X (ICP-OES) ( Varian Vista MPX) #4714
it Se™t VR JE I 5
1.3 W8y 2E st e

I Pk £ 45 50 mL R EAHRFEE 4 20 mg- L7 Y GO I, 425 1A 1.0 mL 1000 mg- L™ brifE Se* i
W, BRI Se™ HREE A 20 mg- L™ IR T 4R f5 442 BR B[] [T 0.2.5.6,14 .20 .60, 120 , 180 min HUEE, Jf:
HIE pH.
1.4 pH X GO WZFft Se* i 52

FHABZEK B 10 mL Sr** ¥R BE R 20 mg- L™, GO ¥R 0.2 o LIRS 5 4~ 431 NaOH il HCL
P pHAE R 3.5.7 .9 11, e HHiR & 2 h, IR G 78 U5 , FEAAE 10000 r-min™' 250> 30 min, B[
Wit 0.2 pm £ PEERIE W RF IS G Se™ MR BE . 58 pH IR], Se™ RS B I8 LT UE X I B 1 5 i)
Bc vk N 20+0.5 mg- L™ S I 20 mL, ] NaOH F1 HCL 45 pH 2R [RMEBCRE I8 Sr™ e .
1.5 GO Wt Se™ mijJe Yeiorbr

GO 5 Sr* (I fHLEER I 3R 3G 58 72 (SERS) #EAT 30T, 4% 10 pL I WRTH T Ag/ Gl BB 3R i, JE
W—AEARZ) 3 mm R BE K A R 25 FR SRS & C1.SERS B3 H— & 2545 CCD #£8 1Y Thermo
Nicolet Almega XR Dispersive Raman Spectrometer ( Thermo Fisher Scientific Inc., USA) W 4E | & 43 #E 545
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3,30 mW 11 780 nm 3O, REE S A 7E 520 em™ B ALES. AR i T 50 Wk, R A5 5 URCAE 1 [R]
3 s.

GO W BFF Se** B LT ANAE R A e il RE  BE i) 50 mL GO ¥R 10 mg-L™" Sr™ ¥4 10 mg- L™
FITR A AR, ERE Y 24 h J5 DL 10000 remin™ (3R FE B O IR B U 15 min, 27 T4 ( Labconco 4.5 L)
BLO R B EARE R DL 0.05% it % 25 KBr i oRIR G 5 He i, 7E I 400—4000 em™ 35 il P9 R H]
4 em AP HER FREREL 32 HEATINE .

1.6 GO Weff Sr** I Zeta {7 Mokifz FRAE

Fic il FE A 10 mg- LAY GO ¥, K Sr™" HEEE M 0 1212 48 K 3] 4 mmol - L' [A] B} 2K F NanoZetaSizer
ZEN3600( Malvern Instrument, UK)#£47 Zeta HL AV FHURIAE B9 W, BEASRE S I 5 U5 HOE4{H.

1.7 WA SE R

J 10 mL 1000 mg-L™" GO 5 5 g WEMEAMAIRE G, K GO T2k 23 1 e 2 1 1l £ A 2805 -0 M e TR
AR (AC-GO) . 17 4k 58 LI AC-GO 3.3 ¢ HIHHNEH 1.0 em, KEHR 5 em MH F. 0L 2 mL
1000 mg-L™" SP FRiERRECH] 4 LWKIE N 0.5 mg- L' S ¥, I F NaOH $#7 pH =9.06 1 4] i %
W R RSN LA 0.2 mL-min™' BB AR A S IR IRGEARE Trb B I TR 7 Sr> e

2 ZER518

2.1 MR SLL:

T AR (R BES L SR TR 18 2630 m™ g, HLH A 2k A o B 1 1 < fle o 2 3 7 3 % B R 3
(C—OH) JRIL(CO0™) M A I (—O0—) FFTREHAH1T GO HAT Wi BRI, XS S 8 GO XF S 7
AR B W B 4 1 (a) Bz, pH=6.0—6.5 I5F GO X Sr®* 8 i W Ff - BEAS Bifi 25 00 46 Se** e J3 (4 434 n
T, FEVTIRYR BE R T 60 mg- L™ J5 W B o AN PR R G R IR VR JE 229 80 mg - L' , Wy BRI
FIRE 3T T W B AR ST | I B e Ak S R AR Langmuir W BF 75 5 % S 96 8508 AT A48, L g
KGRt h 263.16 mg-g ' A BFFRFP GO X T Cu® . Zn*  Cd* . Pb* ., Co B Ff 243 51 Ky 294 345
5301119 .68 mg-g™' > LAY AR 4302 4.63.5.28 . 4.72 5.4 1.15 mmol - g, [ Co™ B F I
RIS, e B KO Y, 3R T GO YRR BE ) 5 2R 1 R & i CHK. GO RIH KR FE I R
FE FREIEIL ] SR XS AR GO X Se™ IR B LERAE AR SC ARG AR A TR .

FEE 1(b) H, AC+GO X S (8 W S 12t i ST Al e J35 14 KA i &35, 3R GO b B AR I i
fH AC+GO XJ Sr* W fff i 5.4l GO (] 1 (a) ) AH L, FEFERCR G0 22 5. 75 2248 Hh 127 GO TZRAb#E T
2R AC REEEL GO FREA A RIE R 0.5%. 76K 1(b) 1, AC+GO 5 AC FFIAFRIXT S i i
S ZEENZ KBS T EE] AC 3R GO XF Se™ (W B it , 3 3k WK B A5 IR A L 43 BT, AC+GO 3R THT GO
XF Se?* B KB 24 48 GO 19 0.6% 2647, 5 GO 7E AC+GO IR R H il B 7388 (0.5% ) #124 , iX itk —
HULE T AC+GO FURIX] Se™* M i s 45 AC 3 K AUARAR R R Z GO 1) R 1 12K,

300 3.0~
L @ o— GO . ® A AC
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Fig.1 Sr™ adsorption curve to GO and GO coated active carbon
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Fig.2 GO adsorption kinetics curve of Sr**

2.3 pH XF GO WL Sr™* f 52

I 3(a) ATLAE H, WA N 20+0.5 mg- L' S IR RAEA A pH 454 F A2 s i ie AR /b | St
WREEEAARAEAL, F 2L RS AEAE Minteq BIBLIUEE /R 76 pH (B 5—10 6 FE A Sr™* I E T
VE LA IRZSAFAE, pH (TR 2 11 IR A G DOGER) ™ AE | B pH ARSE N RUTTE &g K (HITHE
Wy s ATIAR D | X W FEE (s e T LA 220 T BT 3 (b) s B pH TR BE R 20 mg- L' GO T
XF S (1R W BF 2R T HE K FE pH = 6.63 B s KR4 353.5 mg- ™' HH T 3 FIHT GO XF S (W K
pH T i W B e (i 35 3G R TEBRLE 25 A T S48 B it AT EL B S 5K

251 (a) 1000 - ®)
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Fig.3 Effect of pH on adsorption of Sr** of GO

2.4 GO WL Se** miyJ5 %o Hr

GO Wt Sr* By 1) 2% T B 5 7 2 FeE 45 S AN 1 4 FF 7 A 1330 em ™' F1 1590 em ™' FiAb GO A W 4%
MRV B, FL43 500 5 3Gk RAE 9 D 4R G A AR — 380G A ) A Xt R T sp” k2 F B8, A2
) — BT, D AP IS GO I 25 A BB | JC 28 TR R0 25 A G, 3 26 R R AR AT T %o iR i 6
WT.GO ML R ZE AL G W R SERE L D AR GO MR BRE S A & A T A T I RS, 7
1458 em ™ ATE I T —ASBr 0, BERA Sr* FE GO R T A W B2 Ak 2 W B, RIS D A7 1 G A 119 98 2R IE A
GO HISE M BEEAEMEIE Se** J5 A8 FITela , GO By SAa Xt Se* (i bk ELAT — 2 1.
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GO WL Bff Sr™ Rif J5 M LT Ah R AE S5 4P 5 FF R, 40 AR % % 1 GO £ 1110, 1387, 1627, 1728,
3406 cm ™ AbF 5 AN FEAIE T GO Z5H LB 28 it AAE 900 em™ DR B W B 1110 em™ Ab A4
FFRE I (—O0—) W45 YRS, 1387 em™ 1 1627 em™ 40 B 53 518 C—O S EIHRSH A H,0 70 T iy
O—H #E51.1728 em ™" Ab IR FE(COO ) EfiEH T ¢ =0 RS IR S, 3406 cm ' Aty H,0 7 TR
F(0—H)HR3h 7 .GO 1 1728 em ™ 4k COOF BRI C =0 #EAIIRDITEL I Sr™* LUIS JL-F- A AT 5],
A 0 57 E I BEE Se** JE A AR Ak 25 SRR, S i R C =0 SR SR O H S Co0™ 454 T
HOAMREN M8 & 5RRE AN EE &S KRR C =0 MIRZhsmEE > I, L5550 ER
B Sr™ #E GO LW o Ab2# W b, £ 250 CO0™ 5 Sr™ i & 1E H.

LEEPLZ RLLANAT GO WEF Sr* [T J5 16 1E 43 BT vl 41, GO 1 A PR IR T COO™ ' fig A1 3 -5 %t
Sr>* A I Bf
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Fig.4 Raman spectra of GO before and after Sr** adsorption Fig.5 FTIR spectra of GO before and after Sr** adsorption

2.5 Zeta LN SRiAE

Kl 6 W], GO WEE R 10 mg- L' B FE Sr™* W BERYIG NN Zeta HLALFURLAZ ARG . 24 Sr** Wk B2 h
4 mmol - L™ i} Zeta LA K—14.6 mV , BAKAY LA {EFE—10 mV—-50 mV Ui AR A HE & 3K 58
B E BB PRV 1 6 T Se” VR BE S 4 mmol - LB GO B IR IR BRI AR B KA R 6.5 wm , 4% JR 25 gt
(3t I8 A B HINE , SR XTRIAR A 1.0 wm 2247 A0 R B ROR BRI 7R SEBR B T GO X K Se** ik
1T RBREF AL GO B B/ B — DXL,

0 ) 18000
—&= WL
10 -©- hifz
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Fig.6 Zeta potential and particle size distribution after GO Sr** adsorption

2.6 AC+GO WAL S5

RFRHRE GO 43T K Ml LR B ik L 2B A Bis, , ARSOK GO gk Tl sk I, SR TG
HAER GO [ M. 17 38 58 UG FHIL RSB AT FISE 2 500 Sr™ VSR AREF-rh &l 7 Fios e SLiat T
800 BV J& AC+GO Xf Sr™* AN PR FFEEL 100% 1 RBRACHR. ARSI B T GO 3 H T /K X LL & BR 11
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Fig.7 Column experiment of GO coated active carbon
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