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Ti% catalytic & chlorination of 2,4-dichloropl¥ nol (2 4-DCP) by Ni/F¢ bin¥ tallic nanopartick s
in ti% pl g n& of humic acid (HA) was in¥ stiga¥ d in ord r to und rstand ¥ ir applicability for
in situ * n¥ diation of groundwai r. 2,4-DCP was catalytically & chlorina® d to form ti¥ final
products — pI¥ nol (P) via two in¥ m¥ dlﬁ s, o-chloropl¥ nol (o-CP) and p-chloropl¥ nol (p-CP).
It was & monstra® d that ti} carbon mass balan5 s during tff & chlorination w ® & tw** n 84%
and 92%, and otl® r carbons W # adsorth d on ti} surfa® of Ni/F* bin tallic nanopartick s.
T % x$ rlrﬁ ntal # sults sug® st that HA comjy ¥ d for ¥ action sit s on tf Ni/F* bin tallic
nanopartick s with 2,4-DCP, and thus ® du&d tf¥ % ffick ncy and ra® of t# & chlorination
of 2,4-DCP. Ti¥ catalytic & gradation slow d down as ti¥ incg a$ of HA in solution, and wi¥ n
HA’s con& ntrations w # 0, 10, 20 and 30mgL~", tf maximum con& ntrations of o-CP vt &
0.025, 0.041, 0.039 and 0.034mM in 10, 30, 30 and 30 min, ¥ s cti® ly. High Ni con® nt, low
initial pH val , high Ni/® nanopartick s’ dosa® and high ¥ m{% ratug favouk d tif catalytic
& chlorination of 2,4-DCP. T % x/ rin® ntal ¥ sults show that no ot r in* m¥ dia% s vg
& & rak d B si® s Cl™, 0-CP, p-CP and P during tf catalytic & chlorination of 2,4-DCP.

Keywords: Ni/F¥ bin% tallic nanopartick s; catalytic & chlorination; 2,4-DCP; HA

1. Introduction

Chlorina¥ d organic contaminants (COCs) constitu® an important class of pollutants & cau$
of tikir wid u¥ in tf production of wood p* & ri* rs, ¥ sticid s and biocid s [1]. ¥ cau$
of ttir ®acti® natuf, COCs ak highly toxic, muta® nic and possibly carcino® nic
compounds, which w # % stablisl¥ d as a class of % nvironn¥ ntal priority pollutants by ti¥
Unik d Stak s Environn% nt Pro® ction A& ncy (US-EPA) in 1988. On& #*%a$d into tff
% nvironn¥ nt, COCs will accumula® in tff surrounding a® as and po¥ a gk at ¥ alth th® at to
humans and® cosys® ms o% r a long ¥ riod of tin® [1,2], this rai¥ s an ur® nt #% d for* ffick nt
& chlorination n¥ thods to% limina¥ COCs from both con& ntra® d industrial* ffl nts and
dilu® d pollut d groundwa¥ r.

Although COCs ha® B%n ® portd to B & gra® d by back ria or plants, long # actor
P si® nd tinks ak oft n # quik d to acht & & atn® nt goals [3].Son¥% physical and cl¥ mical
n¥ thods ha® also B%*n u¥ d for tf # moval of COCs as W 1l as, ti¥ir & rivati% s from
was® wa® r, such as adsorption with activa® d carbon, air stripping, cl¥ mical oxidation, sol¥ nt
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Tab¥ 1. Abb¥ viations in ti¥ ¥ xt.

Sq® né numb r Full nan¥ Ind x

1 2 4-dichloropl¥ nol 2,4-DCP
2 Humic acid HA

3 PI¥ nol P

4 o-chloropl¥ nol 0-CP

5 p-chloropl¥ nol p-CP

6 Chlorina® d organic contaminants COCs

7 Chloropl¥ nol CP

8 7 ro-vat nt iron B

9 B ok abk R acti¢ barr® rs PRRs

% xtraction, ultravio® t light and ozoi¥ ,* tc [1]. How % r, high cost and low* ffick ncy of ¥ §
pro& s& s limit ti¥ ir practical applicability.

PRRs pacl® d with # ro-va¥ nt iron (F* °) ha® shown to & an®* f¥ cti% ¥ chnology for ti%
# n¥ diation of contamina® d groundwa® r & cau$ of its low cost and ¥ ast® nvironn¥ ntal
impact [4]. As ®*acti® n¥ dia, common F*° was micron to sub-millin® # r-si* d with low
® activity. In addition, tIt # activity of I* © has # & ntly % n impro® d by tf¢ & % lopn® nt of
smalb r-si* d % or % ro-va® nt bin¥ tallic nanopartick s (Ni/F* , Pd/F* ,* tc.). Compak d with
tf common iron or bin® tallic partick s, F* © or % ro-va¥ nt bin¥ tallic nanopartict s has higl® r
spy cific surfa® a® a, surfa& R activity and® ffick ncy for & chlorination of COCs, as w Il as a
much low r loading ® qui® d in t# hydro-& chlorination pro& ss [5-7]. Furtl¥ rmof , tf%
nanopartick s could * main sus¥ nd d und r & ntk °s agitation condition, so it may & possibk
to in} ct ti m into tf* contamina® d soils, & din® nts and aqui¥® rs for in siru ® n¥ diation of
COCs [5].

Although bint tallic nanopartick s a* quik * f¥ cti% in & chlorination of tf¢ contaminants,
th  ® activity of tt * ro-vak nt n¥ tals is highly control¥d by tif surfa& charac® ristics
of nt tals and groundwa® r quality. In subsurfa® % nvironn® nts, natural humic mat® r is
abundantly availab? and always plays an important ro* in both *¥ ctron trans® r and
adsorption pro& s& s. T} inhibition of chlorina® d hydrocarbon’s & chlorination by # ro-va¥ nt
n tals in t* p* # n& of natural humic mat® r was ® por® d by Tratn¥ k%t al. [8]. Ty
sug® s d that any non® acti% adsorba® , which without com} ® with tf%f contaminants for
®acti® surfad sit s would ® sult in a & c* a$ in t¥ & gradation rak .

T & % ral ob} cti® of this work is to p® pak Ni/F® bin% tallic nanopartick s for ti#
& chlorination of 2,4-dichloropt® nol (2,4-DCP) and® valua® t% ¥ rforman& of t% nanosca®
bin¥ tallic sysk® m in ti¥ ® n¥ diation of contamina® d groundwa® r. 24-DCP was ¥ ck d as a
mo& 1 compound di to its abundan& in ti¥ contamina¥ d groundwa¥ r. TI¥ s cific ob} ctiw s
ak to (1) inWstiga® t% ro* of humic acid (HA) in tI¥ & chlorination of chlorina® d
hydrocarbons by Ni/F® bin® tallic nanopartick s and (2) study ti¢ in® m¥ dia® products and
sont % x rin® ntal paran® ¥ rs, which may af¥ ct 2,4-DCP ¥ duction, such as HA con& ntration,
Ni/F® nanopartick s dosa , Ni con® nt, initial pH val® and ® mj ratu® . T abb® viations w
u$ d in tF manuscript a® lis¥ d in Tab} 1.

2. Experimental section
2.1. Chemicals

Clt micals u$d in this & chlorination pro&ss such as nicR1 sulpha® ¥ xahydra®
(N8 O4 - 6H>0, > 99.0%), iron sulpha® ¥ ptahydra® (I*s 0,-7H,0), 2,4-DCP, o-chloropl¥ nol



Downloaded by [Zhegjiang University] at 05:49 05 May 2014

Journal of Experimental Nanoscience 605

(0-CP), p-chloropl¥ nol (p-CP) and otl¥ r # a nts Wt ® of analytical gra® and u$ das & &% d
without furtl¥ r purification. 2,4-DCP was dissol® d in & ioni$ d wa® r and sto® d at 4°C.
HA was obtai* d from Sigma-Aldrich (ash ~20%, Swit® rland). T®# HA stock solution
(500mg L") was p® pa® d by dissolving 0.25g HA in 2mL NaOH aq ous solution of
0.1mol L™, followe d by sonication and furtf® r dilution with & ioni® d wa® r up to 500mL,
and tif pH was adjus® d to 7.0. T¥ final HA solution was ti¥ n fil® # d through a 0.45 um fil% r
n¥ mbrar¥ , and HA solutions w #* sto® d at 4°C & fof u$ .

Earl? r, both  © and Ni/F* nanopartick s w # synti si® d, and tf synti¥ sis of B © and Ni/
B nanopartick s was ¥ rforn¥® d as & scri® d by Zhang® t al. [9]. First, ti* iron nanopartick s
w * syntl¥ si¥ d by drop-wi® addition of stoichion® tric amounts of NaRBH, aq® ous solution
into a flask containing *S O, - 7H,0 aqi¥ ous solution simultai¥ ously with* ¥ ctrical stirring at
25°C. T¢ ¥ rrous iron was * du& d to * © according to tl¥ following ® action:

E (H,0)2" + 2RH; — * ° 4 2B(OH); + 7H, (1)

T P ° nanopartick s we # ti* n rin® d & # ral tin® s with & oxy® na% d & ioni® d wak r.
S ub® qi ntly, tf nanopartick s w * pk pak d by tif # action of tI¥ w* t I* © nanopartick s with
an aq ous solution of nick I sulphat & xahydra® (Ni con® nt was 1.5(wt)%) und r stirring
according to ti¥ following® quation:

BOLNP > B2 4 Ni )

Ti¥ ¥ action tin¥ was control® d in 120 min to* nsu®* % arly 100% Ni was load d on F*°
nanopartick s. Finally, tf¥ nanoparticks w * rin® d with & oxy® natd & ioni¥ d wakr to
# mow® % x& ssS 0, ions.

2.2. Batch experimental procedure

T batch® x¥ rin® nts for 2,4-DCP & chlorination in tf¢ p* & n& of HA W # $ rforn® d in
tlh sank thR* % c® d flask into which 3.0g Ni/* nanopartick s slurry w * ad® d. T
% xﬁ' rin%® ntal ® nchmark conditions w ¥ as follows: 5mL HA of l.OgL_l, 10mL 2,4-DCP
stock solution of 1.0gL~" and a & rtain amount of & oxy® na® d & ioni¥% d wak r v * add d
into ti¥ flask containing f* shly p* pa® d Ni/F* nanopartick s, and ti¢ total volun® of ® action
solution was 500mL. T # action solution was stir® d und r nitro® n flow to simula¥
an& robic* nvironn® nt in groundwa® r at 25°C, and ti% initial pH was 6.0 with tf%¢ hydraulic
® ® ntion tink of 2h.Samp¥ s w * ¥ riodically colk c® d at ti% tin¥ of 0, 10, 30, 60, 90, 120 min
with glass syring s, and tif ® action was stopf} d by filtrating tf¢ aliquots through 0.22 ym
nylon n¥ mbrai* fil® rs, and t ® action solution was tf n analy$ d in 4h. Ex{} rin% nts w* #
conduck d und r ti % x% rin® ntal & nchmark & ttings* x& pt that tI¥ cor® sponding conditions
w # chang® d.

2.3. Analytical methods

Organic compounds such as 2,4-DCP, p-CP, o-CP and P w® analy$d by S himadzu
high P rforman& liquid chromatography. Agi* nt TC-C18 Column, 150 x 4.6. Mobi* pha¥ :
Mt OH/H,O (60/40 v/v), flow ra¥: 1.0mLmin~!, & ¥ctor: UV at 280nm and samph
si% : 20 uL.

Chlori® ion analysis was ¥ rforn% d by ion chromatography (792 Rasic IC, Mt trohm).
Column: Mt tro$ p A Supp 4, column si% : 4 x 250mm. Analysis condition:% I nt: 1.7mM
NaHCO;+ 1.8mM Na,CO; (with cl¥ mical supp% ssion), samp‘f’ si*: 20pL, flow rak:
1.0mLmin~" and & ¥ ctor: supp® s& d conductivity & ¥ ctor. ® foR in} ction, sampk s we #
always fil¥ # d through a 0.45um n¥% mbrai® fil% r.



Ti* con ntration of HA was & ® rmit* d by S himadzu UVIS00PC ultraviok t sj¥ ctro-
photon® try at a wa¥ ¥ ngth of 254 nm.

3. Results and discussion
3.1. Dechlorination of 2,4-DCP

In normal * nvironn¥ ntal condition, natural humic mat® r is abundantly availabk from
0mgL~"' to o r 100mgL~" con& ntration and it ran® d from OmgL~" to 20mgL~" in most
® gions. To in¥ stiga® i} adsorption & haviour of HA on ti* Ni/F* bin% tallic nanopartick s,
HA (20mgL~") adsorption on Ni/* bint tallic nanopartick s was inW¥ stigak d with Ni/F®
nanopartick s dosag of 6.0gL~" at an initial pH of 6.0. Approxima¥ ly 60% HA was adsort} d
in 1 min, and mo® than 90% HA was adsor® d af® r 60 min, and ti* n approximak ly 96% HA
was ob® r* d to B adsor® d af¥ r 120 min.

Figuf 1 illustrabs t% catalytic & chlorination of 24-DCP with Ni/* bint tallic
nanopartick s. During tf¥ catalytic & gradation pro& ss, most of tff 24-DCP was first
transforn¥ d into 0-CP and p-CP, and tf% n tIt y # du& d rapidly to P. This was¥ vi nt in tif
con& ntration chan® s during tff ® duction of 2,4-DCP that whi* mo® and mo®* P and
chlori® ion w ® produ® d. How % r, tf con& ntrations of 0-CP and p-CP w ® initially
incR a® d in t* propha$ ¥ action and tff n & c® a® d slowly. Furtlf rmo® , P and chlorid ion
wi ¢®chdasth final products of tit & chlorination ® action. T ® sults also & monstra
that although in tff furtf® r catalytic & gradation pro& ss, o-CP was mof® * asily * du& d to P
than p-CP, mo® o



accoun® d for 20.7% of ti¢ original carbon. TI¥ production rak of P, which was* xp® s& d
as tl ratio of tf total amount of P produ& d to tf tf® of tical amount of P produ& d during
tlk compk ® & chlorination of 2,4-DCP, inc® a¥ d quickly from 0% in Omin to 51% in 10 min
and tf n to 77% in 30min. Accordingly, tff production ra® of chlorid ion, which was
% xph s& d as ti¥ ratio of ¥ total amount of chlorid ion produ& d to ti¢ ti% of tical amount of
chlori® ion produ® d during tf*¢ compk ® & chlorination of 2,4-DCP, inc® a¥ d quickly from
0% in Omin to 46% in 10min, tff n to 61% in 30min. It is not difficult to % no mat® r tf
production ra* of chlorid ion or that of P was smalt r than 2,4-DCP & moval % r& nta®
at tlt san® tink accordingly. During ti¥ * x rin% nt, t¥ carbon mass balan& s we * in ti%
rang of 84-92%. so approxima® ly 8-16% carbon mass los$ s Wt # ob® r#* d. B cau$® 2,4-DCP
or chloropl¥ nol (CP, including o-CP and p-CP) was adsor®® d on ti¥ surfa& of Ni/F* bin¥ tallic
nanopartick s during tf% & chlorination, son¥ 24-DCP w & %*du&d to CP or thn
& chlorina® d to P di¥ ctly on tf* surfa® of Ni/* and did not ¥ turn to ti* solution. This
indica¥ s that a fraction of organic compounds w ® adsort d or cow ® d by surfa® passi®
lag rs di% to ti¥ pk cipitation of n¥tal hydroxi®s on ti* surfa® of iron and Ni/F*
nanopartick s. This is also® vik n& d by Nouback p [11,12], who valida® d tI} ‘adsorption/
co-pk cipitation con& pt’ for contaminant ® moval in I °/H,O sysk ms.

3.2. Effect of HA on the subsequent catalytic degradation of CP by Ni/Fe nanoparticles

TI% % % ct of HA on tf¢ & chlorination of CP with Ni/F* was* xamir¥ d. Figu® 2 illustra¥ s ti%
& chlorination of p-CP and o-CP with Ni/F* nanopartick s at various con& ntrations of HA and
HA con& ntrations v ® $% c® d as 0. 10. 20 and 30 mg Lfl.0247(69Tl“99.9626006.} )-28tiohich9(con& na5.9(cock dclo§



Figu® 2 indica¥ s that HA not only had an inhibition* f¥ ct on tff # moval of CP to P but
also ® mitk d tff c® ation of CP. T* # sults also & monstrak that moR o-CP was & ¥ rak d
than p-CP, although in tff furtl® r catalytic & gradation, o-CP was mof* % asily # du® d to P
than p-CP. TI¥ maximum con& ntrations of o-CP w* # 0.025, 0.042, 0.039 and 0.035mM with
HA of 0, 10, 20 and 30mgL~" in 10, 30, 30 and 30min, ® s cti¥® ly, and tf maximum
con& ntrations of o-CP $* n¥ d to & & lay d, as ti¥ inck a® of HA in solution. Rut for p-CP,
tlf maximum con& ntrations und r ti¢ san® conditions W ¥ just 0.001, 0.003, 0.003 and
0.002mM in 10, 10, 10 and 60 min, ¥ sﬁ' ctive ly, much ¥ ss than tho$ of o-CP. Obviously, ti%
catalytic & gradation slow d down as tf¢ inc® a® of HA con& ntration in solution, and ti%
maximum con& ntrations of 0-CP and p-CP apf¥ ar & lag d, ¥ ading to o-CP coné ntration
inc® asing from 0.001, 0.003, 0.010 to 0.014mM in 120 min wi¥ n ti# ¥ action was % rmina¥ d,
and with tit & gradation going on, 0-CP would & # du® d to P.s% % ral hypotfk $ s W # ¥ sk d
to i® ntify tf* n% chanisms ® hind t} pl¥ non®* non. On tf off hand, t* accumulation
of adsor® d HA on tff nanoscat Ni/F* surfa® may # du& t% CP ® duction rak. T
comp? xation B tw* n HA and tf¢ & i rak d I* (I) may inhibit CP # duction or occupy ti¥
acti® surfa® si¥ s and inhibit iron corrosion. On ti¥ ot r hand, *#%a$ of acti% surfad
si* s by dissolution of passi® iron oxid s may ac& ¥ ra® t% CP ¥ duction. T ® dox-acti®
mo¥ t% s in HA or in Ni/F* -HA comp® # s may act as ® ductants to ® du& CP to P or § ri#* as

%% ctron-trans® r n® diators & twW* n Ni/* and CP [13].

3.3. The dechlorination mechanisms of 2,4-DCP with Ni/Fe nanoparticles in the

presence of HA
It is hypotl® si® d that ti¢ ® duction and & chlorination of 2,4-DCP occur® d wi¥ n it adsor® d
on tlf surfa® of Ni/F* partick s [14,15]. This is also consis® nt with Noubac® p’s [11,12] # port
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® action und r tI¥ * x{¥ rin® ntal condition of this study. TI¢ # fo , tif %% vation of solution
pH during t* # action from 6 to mo®* than 8.0 could support our assumption.

T¥ oW rall & chlorination ¥ action on bin® tallic catalyst surfa® can & % pk & n¥d as
follows:

B +2.4DCP+H' —s CP+ClI" + B 2F @®)

B LCP+H" L Pyl 4B )

At low r pH, mo® atomic hydro@ n on ti¥ catalyst surfa& attacl® d 24-DCP to ¥ pla& tf%
chloritt and to form CP, P and chlorif* ion (Equations (8 and 9)). Mt anwhit , surfa& passi®
lay* rs di¥ to ti¥ pR cipitation of n¥ tal hydroxid s and n¥ tal carbona® s, which w* # & % 1o d
at higtt r pH val s, might not & % asily forn¥ d at low r pH, would block tl¥ corrosion of iron
and finally ¥ d to tff # duction of tff 2,4-DCP & chlorination® ffick ncy [19].

Und r tf cur® nt study, approxima® ly 12% of mass loss was ob® rw d. It was most Iil ly
that of son* ti* organic compounds, including P, CP and HA, could & adsor® d or co® # d
by tl¥ surfa® passi% lay® rs [19]. TI nond ¥ ck d fraction of in® rn¥ diak s may & attribuk d
to tlt fact that tff Ni/* nanoparticks ¥ m to & r% as non® acti® sorption sits for
in® ¥ dia¥ s [19].

Ti% % % ct of HA on tf¢ n¥ chanisms of 2,4-DCP & chlorination by Ni/F* nanopartick s
could & & scri® d as follows: on of* hand, HA was adsor® d on tff surfa® of Ni/F®
nanopartick s, which would occupy tf¥ acti% surfa® si®s for 2,4-DCP ® duction, and ti¥
accumulation of adsort® d HA on ti* nanopartick s surfa® may ® du& t% 24-DCP # duction
ra® . On tf* otff r hand, tIt function groups in HA may act as*¥ ctron shuttt promoting

%% ctron trans® r, and this would ac& ¥ ra® tI¥ ra® and® ffick ncy of 2,4-DCP & chlorination by
Ni/F¥ [20]. In this study, inhibition® f¥ ct was domina® d in t% ® action. It is hypotl¥ si® d that
tik * xisk n& of s cific acti® surfad sits W * & signa® d for 2,4-DCP ® duction, not for
organic compound adsorption. But in tff p¥* & n& of HA, it would com} ¥ for acti% surfa&
si® s with 2,4-DCP. During tf # action pro®* ding to* xhaust tho¥ sf¥ cific sit s, tf common
acti% sif s availab? for both 2,4-DCP ¥ duction and HA adsorption B can¥ limi¥ d. Ti%
adsorption of HA, to® ti¥ r with tf¢ p® cipitation of n¥ tal hydroxi® s and n¥ tal carbona¥ s
on ti* nanopartick s, occupt d tif acti® surfa& si* s and inhibi® d iron corrosion, ¥ ading to
i furttt r & o a® of tf 2,4-DCP & chlorination® ffick ncy.

3.4. Effect of Ni content on the subsequent catalytic degradation of CP by Ni/Fe nanoparticles
in the presence of HA

It has B% n assun¥ d that I* © can promo¥ a hydro@ nolysis ® action in which a Cl atom in ti¥
organic chlorina® d compounds would & # pla& d by a hydro® n atom. Ni is a w ll-known
catalyst for hydro& nolysis [19]. T co¥ xisk n& of Ni and F* in tif partick s has B% n pro® d
to B % ry* f¥ cti% to ac® ¥ rak t} & chlorination pro& ss. T # fo¥ | tI¥ con® nt of Ni loading
in t* Ni/F* nanopartick s may B off of tif important factors in infl# ncing & chlorination.
TR & % ration and furt® r catalytic & gradation of p-CP and o-CP during tf¢ # action with
diff # nt Ni con¥nts in th p* $n& of HA ab pR&n¥d in Figuk 3. TR P sults also
& monstrat that mo® o-CP was & f* rak d than p-CP, although in tff furtff r catalytic
& gradation, 0-CP was mof % asily ® du& d to P than p-CP. As shown in Figu® 3, with Ni
con¥ nts inc¥ a¥ d from 0.5, 1.0, 1.5 to 2.0(wt)%, tf maximum con& ntrations of 0-CP during
tf ¥ action v # 0.029,0.024, 0.027 and 0.037mM, and ti¥ § data W # obtaitt d in 120, 60, 30,
30 min, accordingly. Rut for p-CP, tff maximum con& ntrations und r tf¢ san¥ conditions w #
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Figu¥ 3. Eff ct of Ni con¥ nt on tff sub$® qi¥ nt catalytic & gradation pro& ss of p-CP and o-CP by Ni/F*
nanopartici s in ti¥ p% §n& of HA (T'=25°C; pHijn=6.0; Co pcp=20mg L7 Cya= 10mg L
Cnis =6gL " and stirring at 400 rmin~").

just 0.003, 0.002, 0.001 and 0.003mM in 60, 10, 10 and 10 min, # sf¥ cti¥# Iy, much ¥ ss than tho$
of 0-CP. ¥ cau$ sampling tin® in¥ rval was long, it is impossib? to & ci® ti¥ # al mon® nt at
which tff maximum con& ntrations of 0-CP and p-CP apf¥ a® d, and Figu® 3 still shows that
with tf* Ni con® nts inck asing, tff maximum con& ntrations of o-CP and p-CP apy ak d
al¥ ad, and tf 0-CP coné ntration & cf a$ d from 0.029, 0.024, 0.004 to 0.003mM in 120 min
wit n tF ®actions W * ® rmina® d. Though inc® asing Ni con® nt could ac®¥ rab tf
& chlorination ® action,* x& ss Ni would cow r tff surfa& of * and hind r ti¥ contact & tw* n
tar® ¥ d pollutants and n¥ tal particts, furtfer # du& t% # duction rak of 24-DCP. T
optimal nicl® 1 con® nt was $ ¥ ck d as about 1.5(wt)% for® ffick nt & chlorination and ¥ t
minimal nicl | usa® .

3.5. Effect of initial pH values on the subsequent catalytic degradation of CP by nanoscale Ni/
Fe in the presence of HA

TR solution pH val® is important for ¥ ducti® & chlorination of COCs using F¢°
nanopartick s. Low pH favours tl¥ availability of mo® iron surfa& for ® action with ti%
chlorina¥ d mo® cu¥ s or at ¥ ast promo® s ti¥ corrosion ra® | ¥ ading to ¢ #% a® of chlorid
ions. At higlt r pH valt s, carbona® and hydroxi® coatings would undoub® dly & & lof¥ d,
which could inhibit furtl¥ r & composition of iron surfa® and hind r ac& ss to tit ¥ © surfad
[21,22]. As a ® sult, ti¥ catalyst activity & c¥ a$ s. Figu® 4 shows ti% % f% ct of dif¥ ¥ nt initial
pH val® s on ti% & # ration and sub% qi¥ nt catalytic & gradation of p-CP and o-CP by Ni/F*
nanopartick s in ti¢ p* & n& of HA. Ti¥ ® sults also & monstrak that mo®* o-CP was forn® d
than p-CP during this pro& duf , and in tI} sub® q* nt catalytic & gradation pro& ss, although
0-CP was mok % asily ® du& d to P than p-CP. T maximum coné ntrations of o-CP w* #
0.038,0.043, 0.019 and 0.033mM in 10, 30, 120 and 120 min at initial pH val® s of 3, 6, 8 and 11,
but for p-CP, tl¥ maximum con&® ntrations und r ti¥ san¥ conditions w ¥ just 0.000, 0.003,
0.002 and 0.002mM, ® s cti% ly. Obviously, tf catalytic & gradation slow d down as ti¥
inck a® of initial pH in solution, and tf¥ maximum con& ntrations of o-CP and p-CP apf ak d
& lay d, ¥ ading to o-CP con& ntration inc® asing from 0.003, 0.005, 0.019 to 0.033mM in
120min wi¥ n tff ¥ actions w* * # rmina® d, and with tf & gradation going on, 0-CP would &
# du& d to P gradually. Figuk 4 also shows that with ti¥ initial pH val® s of tif ® action
solutions inck asing from 6 to 8, which n* ans that tIt ¥ action solution chan®& from acidic to



Downloaded by [Zhegjiang University] at 05:49 05 May 2014

Journal of Experimental Nanoscience 611

—v—3, —e—6 —A—8 —k—1]

0-CP
_. p-CP

C, cpand C p-CP formed (10‘3 mM)

40 60 80 100 120
Time (min)

Figuf 4. Eff ct of initial pH val¥ s on tF sub$ qiF nt catalytic & gradation pro& ss of p-CP and o-CP
by Ni/F* nanopartic? s in tif p% $n& of HA (7T=25°C; Cya= 10mg L4 Cs 4pcp=20mg LY
Cnijt = 6 gL~ stirring at 400 rmin~" and Ni con¥ nt = 1.5(wt)%).

alkali® , th & 1% ration of 0-CP and sub® qi nt catalytic & gradation of it dropf} d obviously.
It indica® s that tf p* § n& of H lar® Iy* nhan& d t} catalytic & gradation of 2,4-DCP and
CP* % n though in tf pR § n& of HA. T possibk # asons may & that (1) at low r pH vali s,
tl* iron corrosion could B ac&¥ ra® d, producing® nough hydro® n (or hydro& n atoms),
which a® in favour of hydro& nation ¥ action and (2) iron corrosion in solution of pH higl¥ r
than 7 % nd to ¥ ad to passi% film formation of iron oxi s and hydroxi® on ti iron surfa&
which inhibits furtf® r ® action [19].

3.6. Effect of Ni/Fe dosage on the subsequent catalytic degradation of CP by Ni/Fe
nanoparticles in the presence of HA

B cau® ti¥ catalytic * ducti% & chlorination by Ni/F* nanopartick s tal s pla& on tif surfa&
of ti partick s, ti Ni/F* -to-2,4-DCP ratio (g Ni-F¢ /mg 2,4-DCP) is also a significant variab¥
parant ¥ r. T quantity of availabk surfa& a® a is among tif most significant® x{¥ rin% ntal
variab¥ s af¥ cting contaminant # duction. Inc® asing Ni/F# nanopartick s dosag will ac& ¥ ra®
tl¥ initial ® action ra® and provi® mo® acti¥% si® s of Ni/F® nanopartick s for collision with
CP during tf¢ #® duction. Dif¥ # nt Ni/I* nanopartick s dosags of 2, 4, 6 and 8gL~" W #
% valua® d as shown in Figu®* 5. With tit %% vation of tft Ni/F* nanopartick s dosa@ from 2, 4,
6to 8 gL', It maximum con& ntrations of 0-CP w # 0.029, 0.031, 0.042 and 0.023 mM in 90,
60, 30 and 10 min, but for p-CP, ¥ maximum con& ntrations und r tff sant* conditions W #
just 0.002, 0.001, 0.003 and 0.002mM, ® s cti% ly. TI¥ catalytic & gradation pro& ss was
% nhan& d as ti% inc® a® of Ni/I* dosa® , and tIt maximum con& ntrations of o-CP and p-CP
appy a® d higlt r, ¥ ading to o-CP con& ntration & c® asing from 0.028, 0.026, 0.003 to 0.002mM
in 120 min wit n tff ® actions W # ¥ rmina¥ d, and with tf¢ ongoing & gradation, CP would &
* du& d to P gradually.

3.7. Effect of temperature on the subsequent catalytic degradation of CP by Ni/Fe
nanoparticles in the presence of HA

Tik % £ ct of * action ¥ m¥ ratu® on tif sub® qf nt catalytic & gradation pro& ss of p-CP and

0-CP by Ni/F* nanopartick s in tf¢ p* & n& of HA was in® stiga® d by varying ti¥ # m} ratu®
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from 10 to 35°C (Figu® 6). Figu® 6 also & monstra¥ s that mo® 0-CP was forn¥ d than p-CP
during this pro& du® , and in t* sub® qi¥ nt catalytic & gradation pro& ss, although o-CP was
mof * asily # du& d to P than p-CP. T¢ maximum con& ntrations of o-CP w # 0.035, 0.027,
0.047 and 0.039mM in 60, 30, 30 and 10 min wi* n ti¢ ® action ® m{¥ ratu® sw* #* 10, 15, 25 and
35°C. Howt ¥ r for p-CP, tif maximum con& ntrations un® r tf san® conditions w % just
0.001, 0.001, 0.004 and 0.001mM, # sﬁ ctiv ly. Obviously, ti% catalytic & gradation was
% nhan& d with tl} inck a$ of ® action ®# m} ratu® , and tf maximum con& ntrations of o-CP
and p-CP appy a® d higl¥ r, ¥ ading to o-CP con& ntrations & c¥ asing from 0.028, 0.014, 0.004
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Figuf 7. TEM imag s of Ni/F¥ nanopartick s (a) f* sh syntt® si® d, (b) in HA solution for 2h and (c) af® r
2h of ¥ action.

t0 0.001 mM in 120 min wit n tf¢ # actions w * ¥ rmina® d, and with tf¢ & gradation going on,
CP would B # du®d to P gradually. It is not difficult to $ high ¥ m{ ratu® favours ti¥
catalytic & chlorination ® action, and tI¥ higl® r tf¢ # action solution’s ® mf¥ ratuf is, ti¥ faskr
t catalytic & gradation would B . T¥ possib? # asons a® that tf mobility of CP from
solution to nanopartick s inc® a® d at higl r ¥ mi¥ ratu® , or tf¢ activation® i* rgy for* ¥ ctron
trans® r or formation of a ® acti% surfa® comp? x inck a$ d.

3.8. Characterisation of nanoscale Ni/Fe particles

N wly pRpakd Ni/B® nanoparticks show black agglon® raks stak . ®cau$ tf si* of
nanoscat partick s is smal¥ r than tf wa® ¥ ngth of visibk light, tf y act as ¥ r¥ ct black body
for light absorban& . Figu®* 7 shows tI¥ transmission* ¥ ctron microscopy ima® s of nanosca®
Ni/F* partick s (a) f¥* sh syntt® si¥ d, (b) in HA solution for 2h and (c) af® r 2h ¥ action. T}
partick s a® spi® rical with tf¥ si% s arranging from 20 to 100 nm in dian% ¥ r.S pt¥ rical partick s
cont® c® d tod ti¥ r to form & ndri¥ s & cau® of & omagtt tic for& s B tw* n nanopartick s and
small partick s and ti® ir surfa& ® nsion in® ractions. Figu® 7(a) shows without tf¥ addition of
HA and 2,4-DCP, tf¥ surfa® a® as of tff Ni/F* nanopartick s ak smoott r, showing singk



splt rical sta® . ® cau¥ of a & rtain agglon® ration, tiky a® cont* ckd to® tit r forming a
& ndritic stak . Figu® 7(b) shows a mucous lay r was adl¥ ® d onto tf¢ surfa& of Ni/F* in HA
solution for 2h. T s cula® d flocs af t* # sults of adsorption of HA on tff surfa& ak as
of Ni/F* nanopartick s. That shows that wi¥ n HA% xists in tf solution, tf} * is a com} tition
B tW* n HA, CP and 2,4-DCP to occupying tf¢ acti% surfa® a® as of Ni/* % ading to ti¥
& ch a¥ of i ® n¥ diation® ffick ncy of nanopartick s. It illustra® d tf* inhibition rot of tf
HA. A mo® thick mucus lay r was shown on ti% surfa& of it Ni/F* nanopartick s aff r 2h
of ® action (Figu®* 7c). Mo® organic compor¥ nts such as HA, CP and 2,4-DCP, as w Il as
n¥ tal hydroxid® s and carbona® passi® lag rs on tIf nanopartick s surfa® inhibik d ti%
partick s” acti® si¥ s, 1il® Iy ¥ ading to low r & chlorination® ffick ncy.

4. Conclusion

Ti¢ % x{% rin® ntal ® sults sug® st that HA has an inhibitory® f¥ ct on tIt 2,4-DCP catalytic
& chlorination, and this inhibitory® f¥ ct was ® markab¥ at low HA con& ntrations. High Ni
cont nt, low initial pH val® , high Ni/I* nanopartict s dosag and high ¥ mj ratu®* favouk d
t¢ catalytic & chlorination of 2,4-DCP. During tf¢ & chlorination of chlorina® d hydrocar-
bons, HA could act as an adsorba® to com # for * acti® sits on tff surfa& of Ni/F*
nanopartick s to & c® a¥ t% & chlorination ra% . T# HA con ntration inc® a® d from 0 to
30mgL~'¥dtotk &ckad in
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