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Decontamination of Pentachlorophenol Using Solid Fenton-like Reagents

YANG Bing'?, Pignatello Joseph J?, QU Dong'

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.Department of Environmental Sci—
ences, The Connecticut Agricultural Experiment Station, 123 Huntington Street, New Haven, Connecticut 06504-1106, United States )
Abstract: In this study, four types of solid peroxides( calcium peroxide, CP; sodium perborate, SPB; sodium percarbonate, SPC; urea hydro—
gen peroxide, UHP ), H,0,, and two iron sources[Fe;(PO,), and FeSO,] were used to investigate pentachlorophenol(PCP) degradation in sil—
ica sand slurries by Fenton—like reactions in incubation experiment. The main factors influencing the effectiveness and sustainability of ac—
tive components of Fenton—like reagents were explored. Adding CP, SPB or SPC quickly increased solution pH to 10~12 and significantly
inhibited Fe( Il ) effectiveness. However, H,0, or UHP showed little effect on solution pH. The rate of PCP degradation was 22.0%, 14.6%,
17.3%, 86.5% and 83.8%, respectively, for CP, SPB, SPC, UHP and H,0, with FeSO, as Fe( Il ) source in 24 hours, and no obvious further
PCP degradation was observed from 24 to 48 hours. For treatments with Fe;( PO, ), as a steady Fe( I ) source, however, PCP showed contin—
uous degradation during 20 d experimental period. The PCP degradation rate on the 20" day was 30.1%, 13.6%, 8.6% and 37.0%, for CP,
SPB, SPC and UHP, respectively. Applying H,0, resulted in 55.6% degradation of PCP in 16 days in Fe;(PO,), Fenton reaction. The pre—
sent results show that pH buffer is required for a better decontamination performance when using alkaline—inducing solid peroxides (CP,
SPB and SPC) as Fenton-like reagents. UHP might be an alternative for H,0,. Solid Fenton—like reagents significantly extend active compo—
nents’ life time from less than 24 hours to more than 20 days, thus possessing greater potential for soil contamination remediation.
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H)Ity A 2 [E Acros Organics 23 ), B (03540 ) ) B
[ Fisher Chemical /3], SC5G K AER LK .
1.1.2 Y%
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1.3 HIEWMAKLE Fes(PO,),

K H Scaccia ZE121 #3386 19 B H LN K F
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mL 0.1 mol - L™ (NH, ),Fe (SO, ), ¥ (N, B %) 2248 fin
ANEA 250 mL 0.067 mol - L' K,HPO, JEW A 1 L =£A
R B A PR ORI A pH TS I N |
T FRELE A Ny W/ 25 S8 o (T 1:1 R i vk
UK pH 2 6.5, I AUTKE RN 1 3L, fFpH 6.5
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SPACIR, TR T e H
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VUL LA A RES B3 . HRURIIAL 1.0 g PCP ¥
AT AN 6] 5 1Y FeSO, BLA L Fes(PO,), Al
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Table 1 Molar ratios and amount of H,0,:FeSO,:PCP for

pentachlorophenol degradation

H,0,FeSO4PCP H,O/mL  FeSOymL  H,O/mL  H,0,FeSO,
1000:20:1 0.50° 0.50¢ 0 50
500:20:1 0.25¢ 0.50¢ 0.25 25
200:20:1 0.10° 0.50° 0.40 10
100:20:1 0.50" 0.50¢ 0 5
100:10:1 0.50 0.25¢ 0.25 10

100:4:1 0.50 0.10¢ 0.40 25
100:2:1 0.50 0.50" 0 50

AR 2.0.0.2 mol - L Y Hy0, %I <, 43 A 3RoR 37.5,
3.75 mmol - L' ) FeSO, 1A% -

Note:*," represent H,0; solution at 2.0 and 0.2 mol + L™, respectively;
°, " represent FeSO, solution at 37.5 and 3.75 mmol - L', respectively.
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(0.2 wm), JEFRAFIM . PCP SR FH = 850 AH {03 (e 54
RI100)I5E , i ShAH g H B £ TR (1% )=85:15 , i
1 mLemin™, A 25 C, K% K 304 nm, PCP {4
B B[R] 29 6 min o A SZIG A B b b PCP [BiCR
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(S/N=10)4 0.4 mg-kg™,
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1.5.3 1GPEaE EAY 0  w E
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SEPRTE A I o B e 1 [ AR AR A i
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LA e i R B 2, DUAS T M AR A & e LA
“mmol H,0,-¢™ [E{&” {1, 7£ CP.SPB .SPC Fil UHP
33 4 (10.79+0.08 ) . (9.53+0.06) . (8.41+0.09)
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H,0, & #y BT
1.5.4 pH %
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83.5%~78.0% . £ R U FeSO, 8% H,0, Y Xt B8
24 h P PCP JCHH B [%f# . 78 H,0,:FeSO:PCP =100:20:
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Figure 1 PCP degradation in treatments with H,0,:FeSO,:PCP at

different molar ratio
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XF PCP B PREME AN 3 Ff/R o TG FeSO, S NET, SPB
SPC .UHP .H,0, 7F 48 h %} PCP JCHA i F&f# , i CP
X PCP 1E 24 h 1 48 h PN i) F& i 20 511 10.4% Fil
13.4% . [R]85 i 4016 9 Fil FeSO, B, SPB SPC.,
UHP H,0, 7E 24 h [N X} PCP [ R At 53 5 14.6% .
17.3% . 86.5% .83.8% ,{H1E 24~48 h A TCHE I, [A]
BFR N CP F1 FeSO, B, PCP 7E 24 h il 48 h P HREE
fi# , 43R 22.0%H1 25.9%. {FH CP B, IS A G0
FeSO, BAFRH  PCP (AR ZAE 24~48 h 4> 514 113.9%
M1 3.0%, — K4 , PCP F4: AR vl fie 35
CP 5[, m#Eshn FeSO, 52T Fenton LY 5T MRESE /N

Ot A A+H,0 24 h - A 14 Ak4+FeS0, 24 h
[ B +H0 48 h [ k) +FeS0,48 h

da

121

=]

100

60

40+

20

PCP # 433t PCP remaining/%

SPB S H,0,
AR TR R N ) A (S [ b 3L )
25 13 (P<0.05), Fd

Different letters represent significant differences between different

treatments with the same peroxide addition(P<0.05). The same below

B3 AEEELEHS FeSO, HEXS PCP BIFERE(P<0.05)
Figure 3 PCP degradation in treatments with different peroxides in

combination with FeSO,(P<0.05)

TEARFFE A Z h  SPB .SPC UHP ¥ R4 Heth 75
fiff, T CP A5 R4 TCIL Vs A , AT LA VAR KT 25 4y
AV 80 5 A S AHIR . £ CP.SPB SPC 4b#f
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it — L ERE CP X PCP WM IR, 2
BRI FeSO, KRB X PCP 7E 30 d PN (I R# At
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Bk 18.7%(CP) Fl 26.5%(CP+FeS0,), TE 4~29 d,
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Figure 4 PCP degradation in treatment with CP or CP+FeSO,
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FESLBG AR R D BT Ly — EAAE 56 16
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54.2 mmol - L™, 25 Wi s in i —2F , A R H,0,
FAE, FEPCP FEMENS I IR H o] BEJE TG PE Fe R
JE o TEAE SR A EE 0~1 h 1~2 h . 2~6 h .6~48 h
48 h~9 d \9~16 d, PCP -4 R&fi 8 R4y 13.6 4.5,
1.2.0.16.0.14.0.46 mg-kg™~h™'. 0] UL, #£ [ W (T 6 h
N PCP (1% B ff o 56 2O 22 18, T 7E 6 h~9 d 35
I, H9~16 d WX ERA prighn, h2~9d 1
3.3 i SEE IR R 1) pH R HFAE 4~5 Z[8), B
it G B ARk, JCH A AT WL A B, Fes(PO,),
ATH L EMATE XA A8 T8 P B0 5 A e b TR, 36
B Fey(PO,), 7EE S0 i B H 8 MR o

1000 — b be 4 de

— T
80+

60 -
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JZ i IFE] Reaction time

AR F RN AR SR A] T PCP R4 ik 22 53 (. 35 (P<0.05)

Different letters represent significant differences among PCP remaining

PCP F 431t PCP remaining/%

at different reaction time(P<0.05)

Bl 5 H,0.+Fey(PO,), XF PCP BOFEHR
Figure 5 PCP degradation in treatment with H,0, plus Fe;(PO,),

242 [ER A S Fes(POL), FFEH
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MR, 7E 71420 d B43-50k 23.9% .30.4% 37.0% .,
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Figure 6 PCP degradation in treatments with solid peroxides
and Fes(PO,),

3 e

3.1 ARIEEREEHIRY H,0, F0 FeSO,

K48 Fenton [ i H 53 H,0, 43R O, 9 H H
FERLFRR AL 5 1A 2 AT fig e AR 1 32 SO A R
(1)~(6). AT U, , 7F Fenton S H H0, Fl Fe( 1T )$4n]
e S ALY T IAE-OH, [ (3) (4) (5), it
1) Hy0, 5 - OH J2 b A= AR AR T PR AR ) HOO - | [F]
i HOO - 5 HOO - Jiz i A 1%, H,0, Fil 0,,
H,0, FEHN B & 3 2 R IA ML FE MR RR . X
HIERANE 2.1 g2 25 R ARATE, Y 15 E Fe* il
&, HyO:PCP £100~1000 Z [B]fs}, PCP [Ffi 25 57 ¢
ANHIE . T E H0, ffi &0, Fe?HL0, 7E 1/5~1/50
Z 8], PCP 1) R fiff 1 A4 R 4y Fe> o AR89 Jon i b 25
KN o 32 Y H.0, AHX T Fer il S, W iR ™A=
)+ OH it 5 Fe* AR /R [ (1)].

Fe( II )+H,0,—Fe( Il )++OH+OH" (1)
Fe( Il )+H,0,—Fe( I )+HOO - +H* (2)
-OH+PCP—774) (3)
-OH+H,0,~H00-+H,0 (4)
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*OH+Fe( I )—Fe( Il )+OH" (5)

HOO-+HOO - —H,0,+0, (6)

ST AL EPHERFFY Fenton [ b 2Bk 3 A L
15 4L it R A H,0,:FeS0, 2h 10:1, 15 e ¥y L B R AE
120 min P REILE] 65%~89% , 5 AL IGAK Z R
H,0,:FeS0,:PCP fefE: 1 100:10:1 —3, {H 34 K kb3
g i A H,0x:Fe (11 )Y 100~1000PTFE AR o i /2
H T PCP T e A Seith b, A FAES AR R Horh i
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