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Humic acid could enhance the transport of CMC modified nano zero-
valent iron in iron oxide-coated quartz sand

WANG Yan' LIU Yuxuan' GU Chengyang® YANG Xinyao' **
(1. Key Lab of Eco-restoration of Reginal Contaminated Environmental, Shenyang University, Shenyang, 110044, China;
2. Geological Institute of China Metallurgical Geology Bureau, Sanhe, 065201, China)

Abstract Low mobility of nano zero-valent iron (NZVI) is a bottleneck restricting the application
of NZVI, one of the most used nano-materials for environmental remediation. In this paper, NZVI
was modified with sodium carboxymethyl cellulose (CMC-Na), and co-delivered with humic acid
(HA) to explore the HA effect on promoting NZVI mobility in pure quartz sand (PS) and iron oxide-
coated quartz sand (IOPS). The results showed that the iron oxide coating increased the deposition
sites of CNZVI on the sand surface and lowered its mobility. The co-injected HA could promote

CNZVI mobility via site competition and site blocking mechanisms in IOPS. The promoting effect
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increased with HA levels over the range of 0 to 60 mg-L™' HA. Conversely, HA had insignificant
effect on the CNZVI in PS, probably because the negative electric repulsion operating at the PS-HA
interface prevented HA adsorption on the sand and the subsequent site blocking effect. These
findings imply that the mobility promoting effect of HA relies on the physicochemical properties of
the porous media surface, and HA could be a useful additive to promote CNZVI mobility in iron
oxide-coated aquifer.

Keywords nano zero-valent iron (NZVI), iron oxide sand, humic acid, transport.
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1 MBLE )7 (Materials and methods)

1.1 NZVI F1 CNZVI i il 45 5 FAE

CNZVT 2R FH AR I J5 ik il 451020, 25 5l 4% 12.5 g L'CMC %3, 1 FH o sh B FEALFF LB 7 3 h
J, A 25 gL' B FeSO,-7H,0 JE ¥ , [CMCY/[Fe*] ¥ i 9 5 1L R 1.54x107. 4k 22 4t $F 30 min
J&i, LA 4 mL-min " 193 B A B S ALY BGA R Fe?', [BH*)/[Fe* ] M1 IR B HE bl 4.0. 8 1 ARIE S 0 58
G, N INGS R AR SR BEFE 30 min, LR IE WK I S (R LT A A A A FRZA |, KQ2200E) 2% 14
T, 5EAS R ATI AL, SO at FE Sl AU R NZVI 5 BR AN I CMC Ak, oAt
BEAHR].

CNZVI 17K 5l J1 84220 Fl zeta B 57 R ZetaSizer (T /R SCAXHS 23 ) P09, i B 48 48435 6 BE
W W =508 nm) W51 300 mg-L™" f CNZVI Al NZVI20 min PN 7EFEE /K F AT R 00 S B4 HER
PRASE P2, S T R N CNZ VI AT NZ VI 0 25 H AR Bk, MKk 283 e K & B A 4tk
VR IG R EREFR LN, 16-80 °C vKAH N T 1 h 5 B E 23 8 R TR AL T4 0 F B a3 (R A7 . 1l F L
2L AMERE R AR IN CMC 2 T NZVI, 38 1 He 520 15 ARG X347 31 16 (XRD) 5 2 7 9 1%
A5 I F AR X CNZVI AT IE S04 0.
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1.2 55U A HA )

FESZ IR T S W 1 mol-L 'NaCl, pH=7.6+0.1(fifi ] Tris-HCL ¥ 17 ) . F ¥ 5% i W il 45 20. 60,
100 mg-L™' #Y HA(Sigma Aldrich 23 ], 3 % 75 B 35 5 5 ) W, B 1 6 1 S R P BB DR A7 &5
DA VA VAR SIS0 i A R A T I AL B
1.3 bR

AR R NTE 70—110 H, %R RFE R 0.14—0.22 mm™. B0 1 74 Pk F1 48 Ak 2k 60 28 R TR A 19 7
BRGNS 2, ¥ T A PE R AE 1.5 mol- L 'FeCly HP M7 30 min, 3 MEH 2 A ARG 1E 35 C T
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TE 60 °C T+ k. A /K I B iETLRZRNMEEGURZ, HE LIE RO e s T4
FE55 1.
1.4 HA fl CNZVI IR & 525
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1.5 AL
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PP, A B FLBREE A 0.43, FLERAARF R 1.01 mL. I FE 52 58 J5 LA 3 mL-min ' 70 38 55 5tV WK 30 min LA
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2 %55 59718 (Results and discussion)

2.1 MOBERAESS
2.1.1 CNZVI FEHELE R

Bl 1 BB CNZVI LA RAE 25 S, MR AE R JE B 1 A X R Ak 45 i 3l 10k B30RG) AR Ao 46 i 3 18 4
ZERAGNRIEE T E5LIRE T2 HMLE AP —35 22k 238 em™, 7 200—320 cm ™' Z [H],
I CMC 43 FH IR L B T 5 NZVI Gl i Bk e o7 (408 2045 A 20 SRR L H 20 As T NZ VI 2R 1w 4 5k,
fifi HER T A T L AT, S Z TR AEAR U A e s 00 & 1 2R AE T NZVI Fil CNZVI By fhs
20 RN Py 5 R, T bk RHERAE7E Fe(110), CNZVI 4 XRD H1, 1§ Fe° Xif 1 A 20=52.0°(F H F 5 4
PDF#85-1410-Fe) ; NZVI [} XRD H, § Fe Xf N [ 20=44.7°( K /i J¥ 5} : PDF#89-7194-Fe) . iX i) F
Fe® i Dy il £ 5 NZVI 3% [ 2] Fe;0,, 3 W HE 40 & A= T A4k ; CNZVI 2 1 A A I 21 40 fk 4k, 3R W
CMC I AE CNZVI K1, HReA &PH 1R H & A4 48 Ak, 18] 1(47) i NZVI Al CNZVI IR 22, i
E 0] 0L NZVI7E 0—100 s P GG B P B, 1 CNZVIFE 0—1200 s N IO SEAR RS, X % 3
NZVI H T Sy MR s e 7 %45 & A= BT R AR5 DURE, 110 CNZVI W R F 2 1 CMC BYHEF AR AIE 5
R D TR BRI
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Fig.1 FTIR spectral analysis (above), XRD analysis (left) and settlement curve (right) of CNZVI and NZVI

H &L 2 3 B 0 25 SR AT DL, 45 CNZVI F NZVI 2 BB BRI, R TE 50—100 nm 22 [H]. X
b CNZVI #l NZVI 1, 7] UWLA B A CMC ¥ NZVI ki 8, B AL 5 19 CNZVI 73 b B af.
CNZVI 7K 3l J1 ki AR F2 8 7E (300+20) nm, zeta HL AL ER A 7E (—=3045) mV. X /& i T CMC B EE -, fff
15 CNZVI 3K T 171 f g HAE s e .
2.1.2 HA X} CNZVI Ki A% F1 L7 Y 52 i

Kl 3 A2 BN T CNZVI 51 508U HA SRR G 5 B2 2R AR I 0. WS HA X CNZVI B fRife
SR B i, KSR Ak T (300+420) nm i [l . 18] 3 45 K 8% T HA X CNZVI LA /Y 52 00, 75 00 HA it
CNZVI (L7 =34 mV FREFI-31 mV, F0 HA 7] LA 3] CNZVI 36 18 I AR LR H 1Y zeta LA
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Fig.3 Effect of HA on CNZVI particle size (Left) and zeta potential (Right)

22 FEALBAEXT CNZVI IR A5

Kl 4 7R T CNZVI TE4 A Je b AR AL S 80 A Db b 1y ik A 2 il it 2. 2l seb v CNZVI 1Y 8
o AEXT TRV B (C/C) iR B T 0.55, 1 A AR B 0 Th AU 0.2, X R A DT K3 R 0 (Ky) M\ 0.69 38 in 1]
1.96, 31 H CNZVI 7E E AL MDA 1R 25 7R 4l Je b i A5 R 25 19 32%. R I Ak 88 55 2 fE
BB A b R A HLPE, AT A CNZ VI 2 AL B 2567 . Zhang & 31 CMC s AT /E S 94 K W0k 5 48 1k 2k
b 2 (RN ATF B BC AR, 33X —HLH AT DL REASHIF 9 LS 31 (1) S8 AL R A2 CMC B4 1) CNZ VI LR B4 1.
FEAT A JERD A A AL T A Db h CNZVI AR 1Y S I 43 90 T 4 R L4, WA A T i Wz it . AH
Lo I & FE Sl b rh a4 R TE W) G, R SR P T A X CNZ VI (W g

0.7

<

Different solutions

1 1 1 1 ]
600 800 1000 1200

Time/s

Bl 4 CNZVIfESf1 8585 (PS) FIA L ERED (10CS) H1 2535 i1 22 (1S=1 mm; pH=7.6+0.1)
Fig.4 CNZVI breakthrough curves in raw sand (PS) and iron oxide sand (IOCS) (IS=1 mm; pH=7.620.1)
2.3 HA X} CNZVI 1E4li 7 S0 M A R G B Jeib v T R A2 M)

Kl 5 s T EA 800 HA/EHITT , CNZVI R4l S b A f AL g el B DAL rh i B iy S8 th 4. 74l
ABE b, 5 HA EEGHE CNZVI B iR & C/Co 31 T 5%(0.55—0.58) i # BE 22 8 HA 25 F T Y
L1 e A AL RED P, 5 HA JEEST6E CNZVI B dRe 5 C/ICo 35 T 50%(0.2—0.3) , iE I 25 2 C
HA ZF R 1.6 1.
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= PS+CNZVI
o—IOCS-CNZVI
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Time/s
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Fig.5 Breakthrough curves of CNZVI in raw sand and iron oxide sand with/out HA effect

CNZVI 5 HAWR & 5, A 28 A K (—34—-31 mV). g1 & 30 %0, IR &5 0—120 min P,
CNZVI ki A AR b AR K. X KB HA BARAELE CNZVI FE 10 % AF W RFF, {5 X6 2 W BFF2 BE A 52 i) A
W Ik, HA {23 CNZVI B 1T LUH T HA Gl i 5 CNZVI 354 7R R0 K 22 1 A DT A5, T8 a
B R RN A (AL BEAE E CNZVI RG22 FE 4l S b v, HA 5 4 98 b 2 | () s HE R B LR T
HA 955 4 PR DT A £ SR 2R 1 DUR S A7 1 o5 4, HA 2 0F CNZVI RS BE 1 9+ A A .
24 OR[AVEEE HA YT CNZVI 78 AL BB A e b v i B8 14 52 )

K 6 & HA X CNZVI T B f0 52 Wi B9 9 5 2500 . CNZVI Y 55 55 AH R H 3 e B F0 3 % B 25 1 e
HA W TH R M5 2 HA R EEAL 0 mg-L™' Jh 2 20 mg L' i, C/Co(0.2—0.3) Fll Ly B E e v T
50%; M 20 mg-L™' Ft 15 & 60 mg-L™' B}, C/Cy b #2755 T 50%(0.3—0.45), Ly &5 T 40%; M 60—
100 mg-L, C/C, FHRa 4R & T 11%(0.45—0.5), Le 4R & T 2%. % 15 T A A W & HA S i
CNZVI 15 8L Bk b = 1 i AR R4, 75 0—60 mg L' IUFE Bl N, DI R TR T 55%, i 7E 60—
100 mg L™, IR T T 3%.
O

0.6F 420 mg-L!
60 mg-L!

05 W/ % e 100mgL’!
it RS 3
L s %

I

0 200 400 600 800 1000 1200
Time/s

Bl 6 HA X} CNZVI ILFS Y50 v B 3500,
Fig.6 Concentration effect of HA on CNZVI transport

F 1 CNZVI 5K HA 3 TR R 5
Table 1 Deposition coefficients of CNZVI when co-injected with different HA

HAWRE/(mg-L™) DU A%
HA concentration Deposition rate coefficient
0 1.958
20 1.248
60 0.883
100 0.859

HA fief CNZVIUIER (9 RE T BEFH HA VS5 (9 35 v 1 £ 1o, I LA AR e J3E e S8 1Y 4. 7 ok 32 36 3
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CNZVI 2 H i 32 B B 98 K A8 50, $ i HaE A% RE 1A 38y OB 5 DXk, A7 Bl HAE 5 4t

Yy A& S e . KSR T oK 20 A ot 3 1 7 55 AT R SR, AR SR I AR AL A T
R 2 T 2 1E PR 8 59 B R, 4RI T S 2 A OB 05, B CNZ VI IR RS RE T XX R AL,
AHIF 5% 45 B R B DL i [ 4B 1 5 HA SEAE #F CNZVI 93T 8%, HA it 5 CNZVI 22 [a] (1) 35 5 W Bk
FEL R A A7 BHAM &) CNZVI AT, A R RS . HL7E — o Wk 3 PRl P AR E R Bl HA k3 14
JEE 5. 2 R IR T M CNZVI7E R R Z AL B iR #%, £ i HAE - 58 5 1 k& iy i B
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