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Abstract

Nano zero-valent iron was synthesized by green methods based on purple leaf barberry leaves
extract as a reducing agent and stabilizer. In order to explore the best extraction conditions of
the purple leaf barberry leaves extract, we used orthogonal test. The results showed that the
contributions of the factors to the polyphenols extracting could be list in descending order as
follows: extraction temperature > solid-liquid ratio > extraction time > ethanol concentration.
In addition, the best extracting conditions were temperature of 50°C, ethanol and liquid solid
ratio of leaves was 60:1 ml/g and leaching time was 30 min and ethanol concentration was
40%. Purple leaf barberry leaves extract and synthesis nano zero valent iron were analyzed
and characterized by XRD, SEM, TEM and FTIR. Green synthesis of nano zero-valent iron ad-
sorption performance was detected, by aiming at carbon tetrachloride adsorption. The influ-
ences of adsorption performance by the initial concentration, pH and dosing quantity were
investigated. The result show that under the constant as pH and additive quantity, initial con-
centration of 4 mg/L, 110 min degradation reaction rate effect was 98.19%. When the initial
concentration of carbon tetrachloride and zero-valent iron dosing quantity invariable condi-
tion, the optimum condition for pH is 6.1, the reaction of 110 min, the degradation rate was
99.6%. When carbon tetrachloride under the constant initial concentration and pH, the best
dosing quantity is 0.12 g/L, the degradation rate is 97.89%. This reduction reaction is in line
with the first order reaction kinetics model.
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T GEII BRSO S TT 12 A0 A 2 R M S 7738 P AS 24 7T BE 2R PR B B — IRT5 5, [ IS
I T RS, O TR AT eSS IR R Ewﬁﬁ%*Aﬁ%%héﬁﬁﬁﬂhiﬁﬂE%@i%ﬁ
BHOAMA E[2], BRSEEL T “ARNE” BMAFaS a2 Es . M S MRSk nzvI R
SEEIEIH I, B SR A R B T

VUSRS — R A LAY, et miAe e, RAEMEEE, 18 8RB REas Kz E 1
FAAE, T2 X RS ELE R I ® SO T BA B R AR AR aT i bk, AR Z Bk
RSN TTTR ANARIE ™ R[] Bk, PUSAER K AR BE SR 1) 2 Rk . ARSCRA K /NGE
MR BOR R O 5 AR T8k, 5 B LRI SRRk g
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2. I
2.1, EERFIF{LEE

LFE(C,HsOH, CP, MEZENREAML T ), WERIEE FeSO,47H,0 WiiLlsT-ib Tiksl) . P& Ibhk
CCly, AR, LAY ), A8 W42k (CHKNaOg-4H,0, AR, L ffeib2a® A A RAR), %
TR CiHeOs, AR, BRI T AR AR, WA WE(CHKNaOs4H,0, AR, Fifg I
HIRAA), BERE _H(NayHPO,12H,0), BERE 4 (K,HPO,-3H,0) (AR, J ARk vupAt. T.) ),
THR(HCl, AR, HEZHEHR EigAT]), SEMNH(NaOH, AR, FURRAL TG A IR AT B 7K (L8 =
Hl).

AR IR SUNL-2 B, TEBHRE A R A ) AT EAH (101-2A B, KA 2 iks
ASATBRAT]), pHIHL FiH(DZS-708-A B, EilgERAN ) ), fHE/KBEG 2 (HH-6 1, [FEhasa R
AFE]), BELH(TDZ5-WS, #AE OHUXESA R AR, ik (M1-236A B, T~ AR3EHJE b5 B HliE A
FRAT]): AKDL-11-16 BAfK (G 3, Bl He T S & - Al K &) ).

2.2. WIHHREGRIR IS HALE

HFE LR (A) I /NEER I 1) B 5 I [ EL (B) 12 A B[R] (C) « L (D) 1) =AM AN K,
K H LO(34) IEAZ RIMAT AL . F&IIERZRIIGT, #ERAFRE 2 g BT 250 ml BephH, I — @ik B 1)
CTEVEW,  TEONGRE N AL BRI E B8], (00 G T — 2 iR B /KA 35 (HH-6 B, [E 4 s 23 A R A A]) i 4
AN E] o B2 3 i 0 A A 5433 4000 r/min BSOHLES L 5 min,  HUETE BT et o4

B ml () EIRIRBOR T 25 ml &30, N 4 ml 28087k, BB AR IAL 5 ml, % 5 min,
FHBCE LT pH E8 7.5 MBEIR SR ZriRe REZIEL, #51, 76540 nm &b, 1 cm EbEm, &)
TEES, WERIEE, WEMHeBGR b 2 M S &3], MRBURT A 2 WM& & E it @il
IEASRIG IR T RS R (R 1), READMRRNFRCR, HHHRBIR A 2 MR A .
23. BRBHEXMBIE

HEFIFRIL 2.78 g 1) FeSO,7H,0 - 100 ml FIREAF 1, I 2288 T /K (SEI6 = M 4%, HiPEa G & 251
100 ml [z I, BPFECE A& 0.1 mol/L (MARER Wk VT . LAZ W & & i 2 A 2 BGE 5 0.1 mol/L 11
BB ARV AR 220 VR G, TRNWE T B HESS LR 1 h H% HAPR BN BT AR AN B7
WRONES O, UL IE 4000 r/min B0 5 min 551, ZA8EIH RIEW, & HIRERPPRZNERT
T BN 2 TR 65 CARIRME T 12 ho FESA E1E BN T R Rk, 2484 .
24. REGRAE

PE SR BOR AT N SRR - SR B ) 46 A AR AN R it 0AH 237 R P A A & 5w AXS IR A
7 (Bruke AXS GmbH)“E ™ ) D8 ADVANCE #i K X S 2 AT A #E47 XRD 43-#f7, & Hi Ly 40 kV, PA CuKa

Table 1. The orthogonal experiment factor level
1 EXREERKTER

ETSES LERRIE(A) % IE EL(B) R E(C) min FARIRE(D) ©C
1 40 30:1 30 25
2 70 60:1 60 50
3 100 90:1 90 75

DOI: 10.12677/aep.2017.74045 327 SR AT T


https://doi.org/10.12677/aep.2017.74045

e 2%

NERSHE, BN 40 mA, HAIPK 0.2 ofs, FHRGTEE 5~40 o. WOWSERSK ) H A HL T F AR
JEM-2010 3% 5 FiL 1~ B B (TEM)IZE 5 FEL T 2B 70 B, i i A 200 kv, 204050 BT K F Nicolet5700
Y (3 [E] #h e B2 ) (o FE F 2T A G TE AL (FT-IR) I E

2.5. PRFMHITERERLE

F B B 4 (1 DY SRRV 100 ml - 250 mil FHETE R, NN —E B IGUR RN, HERR AR
AREAVRTT R pH AE, ONTEIEK ISR % 28 F 8 Lh JEEUH, PR 9 8% IR U 07 1o i 4R 98 2k N T
IR 10 ml (R R, B TS R TSONOAH B 3 A5 A ) H DY S Bk (09 o T2 AR 0 2% 1 KR URL 45°C,
BERE R EE 200°C, Al #8962 200°C o PUYSAL BRIV R B IS 6] 2 2.275 min. DY S BRbRHE 2R 7R y
= 26592x + 28185, R?=0.9918.

26. RNENHERR

PR TR AL DY S AR R K B N 8 T AR R, [ RS FE T A Langmuir-Hinshelwood ) 77 2%
BRI [ATR AR -
dC KbC
Cdt Tl bC (1)
o, KA AR THI IR S N R 5 4G b A5 A W P AR A R IR 2 2 R SR R ARG, bC
<1, KXQ)rIER(2)M(3).

V:—d—C:KbCZKC (2)
dt

A, k=Kb, BEif, RN —FR. X 2 Bt

c
In [C—O] =kt 3)

Bl In(CICo) S 1) t pRERPESR R, R k BIORIE AW 4
AR T R AL B DY S B PR /K R R P B B2 g 25 o 2 4 T (B) AU EAT UL 5

3. BREME TR
3.1 FHH NSRRI REN B IE 321

SR NEER IR By IR ARG A R IR 20 AR 1 IR TR R R/, RIS /N
RIS IBGR SR IUN R W E RN : D> B > C> A, BNRIRIRE > WL > R4 E > LRFRE.
R A DoBCiA, B IHEIRIRIRE N 50°C,  LBEANR (V[ LE Dy 60:1 mL/g, R4 Ay
30 min, ZFEEIKFEN 40%I0 5 1F FHEECRCR fefh o 2GR (S BUER I & A5 it i 2% 2 1 (1 2 52 e vk
15.5%.

3.2. AREIPRFMN BRI RRAE

K1 FoRGOERIIGKEMEL, EET 20 = 44.9°% A LMk (o-Fe) FUHHIEIE, X RGOS
B nZVI AR R R, IX 5 S.Machado Z5[6] A\ I 70— 8. 33X —H5 55 T LU R X il i I St 6 4 i i 7
A4 B Ak R Bk I 2 T BN R 4 I gk ek

2 FNE] 3 43 A 55 vt /N BE AR IS O 1) 2% (I 4 oK A0 k1K) SEM BRI TEM B BH ] 2 A 3 T 40,
PP 2% (R 9K AN KL T S BRR B ERIR , (238 7 B AR E IR IR, WUk A/ AsE3 51, KA 207 20~50
nm, 2R B 2R EK ORI AR EEE, BEEEISS): AR AR T RO R R A
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Table 2. Purple berberis leaves extract orthogonal test

2. EMNEERIHHR B S B IE 32k 36

RIEFI 5 A B c D Z By &= (mgl/L)
1 1 1 1 1 55.68
2 1 2 2 2 62.31
3 1 3 3 3 58.58
4 2 1 2 3 57.47
5 2 2 3 1 54.94
6 2 3 1 2 61.37
7 3 1 3 2 61.68
8 3 2 1 3 62.42
9 3 3 2 1 47.73
K, 58.857 58.277 59.823 52.783
K, 57.927 59.89 55.837 61.787
K, 57.277 55.893 58.4 59.49
R 1.58 3.997 3.987 9.003
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Figure 1. Green synthesis of nano zero-valent iron XRD

B 1 REESMRBPREMNEK XRD

[7], TR TN BT .
F] 3(a) BT 3(b) 23 B2 S M /NG R0 A5 B 44 K 4 Bk AE 400~4000 cm ™ (20 4b 44 . WA
3(a) AT, 3286 Al 2931 cm /= A7 MR A A 1 p BERHR BN, 1722 cm ARSI Iy C=0
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Figure 2. SEM (a) and TEM (b) of nZV1 synthesized with tree leaves extract
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Figure 3. FT-IR spectrum of (a) tree leaves extracts and (b) nZVI synthesized
with leaves extracts

3. LTSNS E QIMIHEEUE(D) & AR TN ¢

HAEHRSNIE, 1602 cm '\ 1448 FI 1351 om Kb AR IS UE Sy 25 /1N BEA - v S IR Bl 2% 55 A (1 SRR B0

FE 1216 om b A W iU g 25 /N BE SR A (R AR 06, 1037 om Ak (IR UAT U Sy C-O-C RSt ik e £4g W A e ,

821, 767 1 617 cm A (M AT Ay 2R /N BEAR TR BIGR 48 S0 IX AR I . 7E 1] 3(b)rr, 3588 et Ak
WS A BB AR 45 B0 NZVI = i P55 O-H B BB, 588 om ™ i M i i Ay S8 /N BE g -4 U 7E Fia 4
DX (R e [8] . LhAEe Kl 3(a) FIE] 3(b), nZVI HILLAT IR 5 58 /N BE SR B ) 45 B B8 T A R AE R A 0 1y
AAK, (HRLEE 3(b)H, $RBGRAES Fe®* b5 2931 Al 1037 om * BHT IR il JLF- 453 2%, 15
X PP A] BEALEEAE nZVI AT . [5] 3(a)7E 1722 om BT C=0 A4 1R 5 76 5B e 53 i B 7 A
C=0 EReHIMtL &% 51 B I ] BEALSELE NZVI R f[9]. 14 3(a) A1 (b)H 1602 F1 1521 cm™, 1448
1 1445 cm ™ LAl BEHTZ I B AL A C=C BIM4EIRBIE[9] [10], SMIRT G i hr B LT R8, T
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ORI C=C #2155 1 )%, 588 cm  HiBL T Fe AUMLUSI[11], {ERE R LM BRI WIS, 3% nl fE L
NZVI [T B /N SESRBGR R A WA 3, XSG I in 2 By 2 40K E M 2k R iR A fa e 7. 1%
4505 SEM A TEM E5 A —3, IR 53 2 2 [12] AR AL 45 R — B

L NBER IR AR 5> TR C=C FIREREONRE, T C=0 HE RSN 25 nT LA A6
FRIE, LA Fe® $I8E A NZVI. SEEGRF#R2& F KRR C. O JCRMM, FFEL st irE Bl K
BIART C. O MErReH. WRABLAMCREM M T LUE H, S8 NBER - B2 U T i iR 22 #8k
A TR, BRER I NEER HRBGR TP AR Z S5 T A/ NZVI RS, B A DA A &6 5
FBELE NZI K, 6 5E NZVI ke A5 7 i A4 .

3.3. MRS AEAKRE IR

FEHIWIMATRT pH A2, PR EMERAIINE M 0.08 o/L, AT T SERR I 43 50k 1. 2. 3.
AF05 mo/L, BEfRZeaE RIS 4. 4 mT%n, 7RIS, pH. #INEMFEMZLE T, 7E 35~65 min N, 40K
TN VU EACR I B eR R E_E T %, [B 65 min i, ¥I4GKE N 1 mg/L, 2 mg/L, 3 mg/L, 4 mg/L
A1 5 mg/L BEARZR 535N 92.14%, 90.34%, 96.46%, 98.02% 411 97.74%. S8 110 min I, #I4AHKE N 1 mg/L,
2mg/L, 3mg/L, 4 mg/L F15 mg/L [R5 710 95.44%, 93%, 96.21%, 98.19%F1 98.01%. FHAHEAI K
IR, ZJNAE 65 min B, N TAE . HIGHREE N 4 mo/L I, PR EREF, N 98.19%.

LS A, PUSAER AWM E ) 1 mg/L, 2 mg/L, 3mg/L, 4 mg/L 15 mg/L i, FEM 5 R i 5
8K B2 915 0.01391,0.01191, 0.01597, 0.01647 1 0.01779 min™t. £k 1A 3¢ 2% R* {57357 4 0.9203,
0.9459,0.6117,0.57689 F1 0.66433 . [i 75 VU SLACHR A 46 FE I 34 00, DY S A Bk () 2 W0 s I 5 #5034 0, Ln(C/Co)
5t BURGFMEIERR. Bk, EARKUSICBRVIEKRE T, GKRFM PR T DU &AHR I8 i 12
BT AW — G BN AR . BSOS [13]4E T R AR M A 4 ZE A Starch/Fe® K F: K Cr(VIFI R
R FTEA IR TS, W L4 BB IE AR FIUE Cr(VI)IKEE R, fEEA Starch/Fe® Xt Cr(VI)fid R it FE 875 &
HE— W BB Sy AR, AR T4 R S H— 5

100 4
—=— 1mg/L
—e—2mg/L
—&—3mg/L
80 —v—4mg/L
—4—5mg/L
N
B 60-
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Figure 4. Effect of initial concentration on the removal of CTC

Bl 4. ¥IAREXT CTC ERREAIFNT
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3.4. pH X BERBR IR

EEHIRIAE IR B E N 4 mo/L, &N 0.08g/L, BT pH 754 2.33, 3.0, 4.0, 5.0,
6.1 FIAI pH /Str, FERaE RILE 6. B 6 nfAl, ERINEMVIGIREAHF &N, 0l pH N
6.1 A IR EUSCR A ZEAR K, I pH = 6.1, M 110 min i, BEARZF A 99.6%. /N 4%
(L3]I FH =40 2k 22 b DU S AL B O LR IR 7T b, 7RGV N, pH = 6 BRI, FREEN 76.81%.

PRI ASC 2 0 5 IR K AN R R B R R 2

K7 AN pH BRSNS )2 . i 7 W, DO SUARERIKIAI 4G pH {605 2.33, 3.0, 4.0,

B 1mg/L
-1.0 ® 2mg/L
A 3mg/L
® ¥ 4mg/L
-1.54 Smg/L
2.0
N
)
-
g -2.5
)
~—
= 3.0
—]
35
4.0 v v
T T T T T T T T 1
0 20 60 80 100 120

if 8] /min

Figure 5. Reaction kinetics curve fitting in different initial concentration

Bl 5. NE#HaKEN RN NFHZEME
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—4—pH=6.1
—~
= 604
~
& 40
Iy _
(@]
'_
(@]
20
04
T T T T T T T T T ]
0 20 40 60 80 100

i (min)
Figure 6. Effect of pH on the removal of CTC
& 6. pH ¥t CTC EFRZEHIE N
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Figure 7. Kinetic curve fitting in different pH values

E 7. &FE pH ERN R NENFHEME

5.0, 6.1, FU SRR H K {375 0.01773, 0.01846, 0.02162, 0.02835 F10.0304 min*. Zk{k
FHSE R0 R AH 73 )9 0.79672, 0.79374, 0.79909, 0.89233 H10.69412. F# PUSLERER pH Hhn, U4
BRI R H B I, Ln(CICo) 5 t RIEUF MR &R KL, ZEANFI pH E T, 49K
T VU SEALBR L S5O R S8 RE AT 51— R N B ) AR

3.5. HmiEmERRIm

WGV S 4 mglL, AN pH, FF S #4514 0.06 g/L, 0.08 g/L, 0.10 g/L, 0.12 g/L
F10.14 g/L BEFE 15 min 7 =&k38000, 2 ERINEY 0.06 g/l 5E 4100, HhERFEmER . Al 8 Wi i
AIDAAR AR T HAR - R BN RE 2 AR B AR 3 ORI i - AE 110 min I8, BEARZRFIE T 98.7%.
LEHLFEOMARES R, N 5 min B, #4504 0.02 /L, 0.027 g/L, 0.03 g/L, 0.04 g/L A1 0.047 g/L
(1B MR %y 68.04%, 74.9%, 76.08%, 79.7%F1 80.56%. /5 65 min I, =k4-HEIRME O L8 m5e,
BohnE#ik %] 7 0.06 g/L, 0.08g/L, 0.10g/L, 0.12 g/L #10.14 g/L, FEfEZH N 91.06%, 92.3%, 93.56%,
96.9%7#1 97.06% . Bt H3 02 AN S SIS [A] (3G 0, PR 2 BH W 0. 40N A 0.10 g/L 34 m ) 0.12 g/L
W, PEMRRAE KR RS, BRREIINT 2.99%., ZksEiinsine, FEERImMN. B, EytE
WA pH AHFEI 264, eEROnE N 0.12 g/L, F#fRZN 97.89%.

B/ 9 a4, #hnE ok 0.06 g/L, 0.08 g/L, 0.10 g/L, 0.12 g/L 1 0.14 g/L i, UM R H # K
1893 %15 0.00412,0.01142, 0.00746, 0.0115 1 0.01367 min . £k 1 HH 3¢ R % R* {73 %1 9 0.71539, 0.84738,
0.80399, 0.84047 F/1 0.81356. [t # N EIGIN, FM S BLHEIEG N, Ln(CICo) 5 t EIMAELF LK R .
DRI Bt 5 3 (38 I B2 3 5 2 Fe® R IR ALAR L (10 S AT £, {759 I B R 4K

3.6. LIRS HIE

FESR O A BRIAK Tk 2R =S e RS AR, PR BRI STR) 7 BHEIs i, fead—Bent Al R
T EMIR T AR, A8 Fe® o B ok, — 3o AR AR i e R A I BT, A2 n=R(@). (5)~ (T)Fs:
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Figure 8. The effect of dosage on the removal of CTC
& 8. #MMES CTC KBEERMEM

e
14
24
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an
Q 4
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5 A 0.10g/L
~7 v 0.12g/L
* 014g/L
64
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Figure 9. Kinetic curve fitting of different sample dosage

B 9. TEHmtmENRNENFHLEINE

FEIIT - Fe® — LI+ Fe® (BRI 4)
2Fe” +4H" + 0, — 2Fe® + 2H,0 (IR (5)
Fe® +2H,0 — Fe** +H, + 20H" (6)

BT AR EO B ER AR, BV R — @ RN RE YT, BRI AT LUK P A R A D S
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BRI BN, SRS R AR I S S CL e R AR =X (7). (8) [14]+ (9). (L0)FI(11)Fiaw.

CCl, + 44 — Fe® = CCI, — .25 — Fe® @
Fe’ +CCl, + H" =Fe* + CHCI, +CI ®)
Fe’ + CHCI, + H" = Fe** + CH,Cl, +CI- ©)
Fe® +CH,Cl, +H" = Fe*" + CH,CI+CI (10)
Fe’ + CH,Cl+H" =Fe’* +CH, +CI (11)

4, g5ig

1) S NBER B U E 2RI ) 25 MR IR SR B R YO IR > B > RARRS
] > IR R IG AL A IR AR N 50°C , ZEE AR H- (3 [ EL ol 60:1 mL/g, 3242 18] A 30 min,
LFEWRE N 40%.

2) G IrE/INBERR I B R % K AN R 45 SN MM BRRL T R BRCIR B ERIR , FIORL A/ L% 3
&), RifRZ)y 2.5~8 um, Pk EA 2R BRKENTH A RAES, BRSNS AEERTE
B B B RZ SR A5, TR AN NI . LDANRIESE A SEM FI TEM &5 5 —35L.,

3) X pH MBI EARZ R EME T, VIGEWEN 4 mg/L I, S 110 min B PR, N 98.19%.
U SABAT AR E TR M BRI BN E AT AT, BE%MF 8 pH = 6.1, /I 110 min B, BEARZEN
99.6%. HPUFABRHILEIR R pH A AT, ATy 0.12 g/L, FEARFA 97.89%. AKEN
BRACBE DY SRR R KRB, TG — R N B ) 258

E&WE
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