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ABSTRACT

Reductive dechlorination of chlorophenols by nickel coated iron was investigated to understand the feasibility of using Ni/
Fe for the in situ remediation of contaminated groundwater. Zero valent iron (ZVI) was amended with Ni(II) ions to form
bimetal (Ni/Fe). Dechlorination of 4-chlorophenol and formation of intermediates was studied using Ni/Fe. Effects of
initial contaminant concentration, bimetal loading, presence of humic acid, and solution chemistry were also evaluated.
Experimental results showed that Ni/Fe bimetal was so effective that more than 95% of 4-CP degradation was achieved
within 240 minutes. Pseudo first-order rate constant for the dechlorination reaction was well correlated with bimetal
loading. Humic acid competed for the reactive sites on the nickel coated iron with chlorophenols, lowering the
dechlorination efficiency. No significant changes in solution pH were observed in the dechlorination of chlorophenols with
Ni/Fe in the absénce of buffer, indicating that reactivity of bimetal (Ni/Fe) could be prolonged. Phenol was found as a
dechlorination intermediate of the conversion of 4-chlorophenol compound by Ni/Fe.
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U, o, " Sol glom ZAdH wheAdo] i, 87
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o] A7, A83kE0] 2ol Urk(Sintar et al, 1996;
Agrawal and Tratnyak, 1996; Orth and Gilliham, 1996).
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2. AlEXE A

o] ARRE G713 (Kanto Chemical Co., Incy A
7154 TT(98%, electrolyic powder)E ARSI,
VAL NiCl, - 6H20(99.99%, Aldrich Co.)Z AM&-3ITt.
HCI, NaOH= A|2FF(Aldrich Co.)S AF83193L, 33+ 5
F4(Aquamax-Ultra, 987172 AFLS S35t o
749 galulE SFEEE 4-chlorophenol(d-CP, 99.5%,
Aldrich Co.y& ARE3IIT}.

L GE #248 HPLC(High-Performance Liquid Chro-
matography, ACME, J&7|17)E o] &3tHth. olsd
(mobile phase)>-Z  Acetonitrile(Sigma Co.)?} 32} 3
g0 Hl8-S 7:30% &l ARSI, FS 1 ml/
min, ZEL XTerra C-18(Agilent Inc)S AHE-3$Th
UV-Detecter(UV730, F8717yE o831 224 nmellA]
LT\
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Fig. 1. SEM image of Fe? particles before and after coating of Ni solution.
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2.2. 4-Chlorophenol M|7{ Alg
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Fig. 2. Reductive dechlorination of 4-CP by Ni/Fe. Nickel
coating and bimetal loading was 0.5953 mg-Ni/g-Fe and 200 g/L,
respectively.
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Fig. 3. SEM image of Ni/Fe bimetallic particles after 4 chloro-
phenol dechlorination (x3000). * -
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Fig. 4. Effect of nickel coating on iron and bimetal loading on the
pseudo-first-order rate constant for 4-chlorophenol. Error bars
represent 95% confidence limits.
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Fig. 5. Removal of variable concentration of 4-CP by Ni/Fe.
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Table 1. Pseudo first order reaction rate constant as a function of
initial concentration of 4-CP

kobs (min_ [) R2

concentration (mM)

0.0778 0.0066 £ 0.0006 0.9482
0.1556 0.0265 = 0.0000 0.9942
0.2333 0.0136 = 0.0025 0.9601
0.3111 0.0211 = 0.0000 0.9990
0.3889 0.0030 = 0.0000 0.9379
0.7778 0.0027 £ 0.0008 0.9248
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4-CPe] =& Z} 0.078 mM, 0.156 mM, 0.233 mM,
0311 mM, 0389 mM, 0.778 mME 3}a] oo uw}Z
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Fig. 6. Removal of 4-chlorophenol with Humic acid.
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