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Somc hydrazine derivatives viz: pyridinium chloride acctylhydruzine WAH), l-ucetylpyridiniurn chloride-a.

phcnylthioscmicarbazide (APPT). l-acctylpyridinium chloridc-o-hydroxyacclOphenone hydrazone (,\PHH),

trimcthytamrnoniurn chloride acctylhvdrazinc iTAH), l-accryltrimethylammunium chloride:-o-hydroxvacetophenone

hvdrazone IATH H) and l-ucctvltrimethvlammoniurn chloride diacetylmonoxi me hydrazone: (A TDH) arc investig.ucd as

Iloating agents for the separation of mercury (II) using oleic acid surfactant. Of these, APPT is the most suitable for giving

maximum Ilotation ctficiencyf - IDO ~;aSurfactant. metal ion and ligand concentrations, ionic strength. foreign ions. I,H and

temperature are examined as important parameters affecting the floatability of Hg(II). The procedure is successfully applied

to recover Hg(ll) lrorn sorne natural water samples with a relative standard deviation of I ,(j 'k, Moreover. the mechanism of

notal ion is slIggcstcu based on some physical and chemical studies on the solid complexes isolated from aqueous and scum

layers.

Anthropomorphic redistribution of rnercurials has

ravaged a substantial portion of our planet. Japan,

Sweden, Canada, the Great Lakes, Iraq, Pakistan,

Ghana and Guatemala form a partial listing of

contamination sites and provide a historical basis to

review some of the teleost studies I. Mercury is

considered to be a serious heavy metal pollutant:'. Hg-

induced toxicity is related to differences in species,

chemical form, specimen size and temperature, as

well as other factors'. Hgj ll) can be methylated to

(CHJ,Hg and CH,Hg+ and there are a number of

factor~ controlling tl1e amount of rnethylation'".

Therefore, the longer the divalent Inorganic

mercuri.ils remain in the environment. the more

problematic the I-Ig contamination becomes, because

of the lipophiliciry of the product-organic

alkvlrnercurv salt. The safetv level for Hz in sea foods

(0.5 pprn) i~ exceeded in many places ~1 the world'.

According to the World Health Organization,

provisional maximum intake for Hg in human is CU

mg I person I week, of which not more than ().~ I11g

should be CH,Hg- species'. Since the majority (often

lOW;,) of Hg in muscles IS' CH,Hg+ species". little

safetv maruin exists.

For the foregoing reasons. the separation ;'1I1cI 10 I'

determination of H);( II) from natural waters are vit.il

IJrOlC.,.,C\, V~lI'iull,., [echnique .., lit· [he <e p.u.u ion

and/or preconccntration of metal ions prior to their

determination are available \\hich include

volutiliz.uion. liquid-liquid extraction. selective

dissolution, sorption, Ion exchange, Jig
chromatography. flotation, freezing and ZI

melting". Of these, flotation technique has

particular merit in providing quick, quantitative;

selective separation under proper conditions;

therefore is the choice for this Investigation.

Although some work has been carried out for

flotation of Hg(II) from aqueous solutions, wastes;

natural waters2.S.I~, no attention has been paid towa

the use of hydruzine derivatives in this respect. "

objective of the present work is to extend

application of flotation technique to separate Hg

from the aforementioned solutions using PAH, API

APHH, TAH. ATHH. ATDH and oleic a

surfactant under the optimum conditions.

Experimental Procedure

. Reageilis-Uniess otherwise stated, all chemic

used in this investicution were of analytical grad

Oleic acid (HOl) -~urfactal1t was used directly

received. Its stock solution. '::;.'::;6xlo-cmollL. II

prepared from rood grade chemical \1 ith speci

zravirv 0.895 (J T. Baker Chemical Co.) bv di~pers'

20 mL in I L kerosene. vlercuric chloride (HgC
stock solution, Ix I 0.2 mol/L '.Vas prepared in .Iou

distilled water, Girard'« rt'~Ig:t'nt P (PAH) .ind Girar,

r':<l'lt'llt T 1TAH) xiock solutions. i x! (J- mol/L. ea,

\\cl-:-e prepared without purification by dissolving I

calculated amount in double distilkci .v.rter. The su

solutions of the ligunds APPT. API-IT-I, ,.-\THH a
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Tabk I-Errect of some foreign ions 011 the floatability of (rx I ()"'moI/L ( 12 mg/Ll Hgt ll ) using 6x I0" mol/L APPT and I x I0') mol/L

HOL at I,H 6.8.

Foreign ion Concentration Floatability Foreign ion Concentration Flo:llability

(xIO-'mg/Ll* I':'r» rx lO'rng/L)" ('Jr.)

Ag
+ 21), 999 EDTA 10.0 99.X

Bal+ 13.7 <)<).8 SO,l' 96 9<).5

Sn'+ 12.D 99<) Oxalate or l)0 <)l)l)

citrate

Co
2-.:

6.0 100ll SO,:- H.O 100.0
K+ ·to loon SC~· or ro,': 4.0 99X
Mg!1- 3<) 1000 cr. Ilr" or I 3.6 99.6
AI'+ 2.7 <)<)9 Cr,O/ 2.2 <)9.7

Na+ 2.3 100.0 B,O':- 1.6 <)<)0

-2r'+ O.S 99S S:O/ 0.7 99<)
Ni1'or eu:+ 0.3 99.7 HCO,- D.6 99.X
Mn'+ 0.2 99.7 10: 0.2 99.5
Ca1+. Sr1• 0.1 <)<)X eo/ 0.1 97.X
Cdl+ or Fe·"

Cr'+ CU)I L)L)S

* This.cuncentration represents the maximulll v~lluc of the foreign ion above which the floatability or Hg( II) is highly affected.

Table 2-Recovcry of f-Jgi II) added to water samples using

(ix I I)"' mul/L i\I'PT :inJ Ix IO"moJlL HOL al/,H 6.8

Types or w.ucr (loc.uion) IIgtII) added Recovery of

Img/Ll HgIIlll%l"

Distilled water 12 100

15 100
Drinking water 12 L)<).9

(Mansoura)

.15 9<)-')

Nile water i Manxouru) 12 lJL).S

15 '),J.7

Sea water (Alexandria) 12 ')l).6

i5 99.6

Sea water 1(;:1111:15'1) 12 ')9.7

15 1)9.h

Lake w.uer I" Lon/al:dl) 12 ')'-).1

15 'Nt)

Underground water 12 9'J.O

(Nawasa EI· B:dlej 15 'lS.5

Appamflls-The flotation cell (a cylindrical tube of

29 ern length and 1.5 ern inner diameter, provided

with a stopcock at the bottom) was as mentioned"

previously. The infrared spectra of the ligands and

their Hg(lI) complexes were recorded on IATTSO

5000 FfiR Spectrometer using KBr disc. The pH
measurements were determined using HANNA

Instruments 8519 digital pH meter. Thermal

measurements (TG and DTG) were recorded in a

nitrogen atmosphere between 20 and 800°C, using

Shimatzu Thennogravimetric Analyzer TGA-50 with

o-Al-O, as a reference material. Carbon and hydrogen

contents of the solid complexes were carried out in

the Microanalytical Unit of Mansouru University.

Hg( II) was determined cornplexo-metrically using

sernixylenol orange (SXO) as indicator'('.

Pmcedure--A suitable concentration of Hgt l l).

specified for each test. was mixed with one of the

investigated hydrazine derivatives followed by 10 ml,

double distilled water. The pH of the solution, if

necessary, was controlled to the optimum value using

HCI and/or \iaOH: fortunately the optimum pH value

, -6.8, was obtained by direct addition of the reagents.

The solution was transferred quantitatively to the

tlotation cell and made-up to 20 ml, with double

distilled water. The cell was shaken well for few

seconds, to ensure complexation. To the above solution.

3 mL of HOl (with definite concentration) was added.

The cell was then turned upside down 20 times by hand.

After 5 min standing, to complete flotation, [he

concentration of Hg(IT) in the mother liquor or in the

scum is determined complexo-rnetrically'".

----= The I11C:tn or sc\"~n r'J2.!ic:..:;·:!c:..:tc,-,,-=-=-IIlc::a:.<.lv--,,-sic...s,---, _

I

I
ATDH, IXlO-

2
moI/L. each, were prepared in double

distilled water. The solids of these ligunds were

prepared by slowly adding phenylisothiocyauate ( 13.5

mL), o-hydroxyacetophenone ( 1.1 ml.) and/or

diacetyimonoxillle (10 z) to a solution of Girard's

reagent P (18.6 g) or T( 13.2 g) in absolute ethanol.

The mixture \\as ~rdluxed on ,: water b.uh for a fixed

time (15-::20 min) depending on the reaction mixture.

The product thus obtained was crystallized several

limes from absolute ethanol and dried rn a vacuum
desic . .r' cater over anhydrous CaCI2. The purrty ot the

Igands was checked bv e-lemental unalvsis and IR
Spectra. - '
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Thc [lo.uubi lit .xwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(f.' r;) "I' H~(II) 1\:1, culvul.ucd

trorn its concentration III the mother liquor ;ICClll'dill~

ro the rcl.uion

1'= f-CiC,:< II)()';

1\ here C .md (': de:Il()lc" rhc initial .m.l Iin.i]

c'()I1C~'n t r.u Ion s, rc ,sPl'l'l i 1','1I',

,\ILLTnatill'II, the C(lIlU.'lltra(i,1I1 ()I' 11~(11) ill the

"CUIl1 I (',I L':111hc' ,,J'[;IIIlI'd hy filtering the: prl:c'lpil:ltc

ill ihc ,elll]) .ind 1I:I,hill>': it »ith di,lilkd ,IICI' Thc

J1I'Cl:II'ILlt" ), then dl"S()I\,'d ill :'i ml. C(111"l'11II':Ill'd

II0iCL hcatillg to drvllL'ss, :Idding I() ml, hot double

dl.,lilkd w.ucr and I'iitcrill,~ the "dUli'1I1 [or I Iglll)

determination. The n<)uli'lll c'lliuellc: i F ',) ,':In be

calculated :IS,

F = CutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA«, >< I()O r;
\\I'Il'~C C and C. denote the initial and Ihl' SCUIll

conccmrauon ()f I Ig III),

Results and Discussion

\1'f",'li(l1l n/('(I/f('l'lillg ({g('flr- Till' L'olll'c(lng :11111It:

,,1 <orne h\llr:llill<: dL'l"ililtin's such :IS PAl r. T\II.

,\['!-'T, ,~I}HH, ,-\'11111 or :\TDH tllll:lr,\'; IlgIII! \\;IS

cx.unincd. The c xpcruucnt-, UKC II1\U consideration

IIl,' cllcct <,I' variublc couceutr.uions or Ihc !'C':Ig.c'l1ts(11)

the I"In:ILlhililY t,)1'S:<IO' rnol/L Ilg(ll) usillg 1;<lrj'

1l111li\. I IOL :I( Iii I (),s, It Ilas,llotcd ih.u the mux imurn

l'I"(;lti,'n c!licicnc\ r:lllgc's from ()() III SO Ie which II ;1,

"hl:lIllcd in the I'I'c',cnL'c "I' 1>'\1 r. T.~H, ,\1'1 II r.
,\'1'111 I or ,\ TI )H, III the c':ISl' "I' i\PI'T. the !'!"~ll:lhllll\

,11' 11:;1111Ilh.:rl::I'l," )2r:ld\l~t1ly rl::lchillg I[S maximum

value I-I Ill) " I ;11,I I 2 IllUI;II' r.itio ill Ilgl II I: ,\PPT

.mc] rem.un-, L<'lbl:IIlI with Illc'I'cd,in~ concem r.uion <',I'

:\PI-'T: ihi- m.rx imum cificicucv m.rv hc due I,) the

prc'sc:ncc' 111' liliUI1'~ )2rl'llp (C=S) III ,-\I'I)T oulv.

Thcrctorc. the hi~hcr c'UllL'<.'lltr;lliull uf ,\PI'T Ila, II')

Jlll cr:«: cl'kcl <)11H::,( III Ilot.uion. which 111:lkc.:"IL-;

sCI':lr:Ill<>ll from 1I1lKIl\l\I'1l or rl':tI ,ampks c.r-.icr. ,\

conccrur.uion uf ,.\PI'T which CLJu:tls ten-Iold-; <,f

11::;111i i- uscd ill llic 1"c'Ct1111111l'lldcdl'rllL',:dllrc'

l. 'fs rlt' i.ut«! i()11 (·(IIl(·c'ifrl:ft(IIi--.\ttl...~!l11)t~ 1.\)

!'I<l,1! dilkrc'lll l'llll,:l'lltr:llllIll, <': H:crlll lI'II:~ li!II'

11\\,1/1, "1' !l>.dl';l/illc dl'III:IIII'l'S .ind 1,:11)' !l1tlliL

111)1. :It 1>1I h,S l>'lTc' ,':Irric'd .uu. ('I<,sc ill'pc'Ltil111 "f

Illc' !C',uit, ,,:,t:!i!lc'd ,h,,>.\c.:d ih.u ,,\I'PT i, Ihc' Illthl

'lIr', ..:ri~ir ~!llli.l!1~,!I! (h~ «rhcr hyLiLlli!lL' d'~·ri\·;I!i\,.-",.

cel\ in~ -: li(1 (; :1"i,;ltiilll clli,,'i~11C'\ Thi-, m.rx inuun

tl.u.u ion c'ffi,'i,')lL'\ r~Ill:IIIlS, con-t.uu I', hcncvcr tile'

d'ilc'C:llr.lll'IJl ,'I' ,\PI)T i, I\\'i,,',' :11,11'11" Hgilli .ir

m q;.: 'I 11 __' (!\.ll.ttit)l1 1.1L·~i!l" (!,1 di.:t.:r':,l'c \\!).:n ! \,''':''gfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI! ,.

,\PI'TI"II"IS!l!orc'lhJI112

., ;.'1/-1 (In ('(1,//('('(/011 .uu! -uuiou=« ..4. -.:cril..'-';

of c'\pCrillll'llt, IIc'!,C conducted [ll illlc~ti~~lk the

relation bCII\CCIl ihe Ilo.uubilit , ld' (v 10' mol/l

I!g(l[) .uid JlH 1I,ing (lxlO-i mol/I. of each "f Iht'

hydrazinc dcri v.n ive s and I X I if' lllllliL H( JL. Th~

results arc sho« n ill hi!, I, II i-, clear ih.u the

rioat;lbility ,11' II~(II) illcTC:ISCS ~r;ldu:t1h, rcac'hing ils

mux imum value III the »H r:111!.':l:')_7 Ior ~t11Ihe

examined hvdruz inc«. ()I' till'SC l'l':It:l'IlLS onl . ,\PPT

.c:"'c'S -1()() r'~ rillt:l(il)1l cflic icnc v :\huIl' :1/,1-1 I'aluc

<11' 7, the clllc'ic't:l'\ d~L.'rl':I\C', .vh ich rn.r, be

.utributcd to the e,\l'cs,sil'c Io.uu [orrncd.

In order to inl'cSli~atc the rcl.uion between the

-toichiomemc ratio (Ht:( II): ,...\PPTj and the pH,

:11101herseries <)f c xpcrimcnts were curried out lhing

different ratios ar variable IiI--! 1~t1l1CS,The maximum

Ilot.uion efficiency (- 100 '>C) is obtained .u r.uio-, 1:2,

1:3 .uid 1-1-(Hg( II) AI'PT) in the same IIH rangc 5-7,

II hivh is ill g'IUd ;Igrcelllcill Ililh the other data

obtained. SIl, fur .ixxurcd lunct ioning. :1 conccntr.nion

of ,~I)PT which IS ten IllIlL'S that of H~I!II ~11ll1fiH 6,S

1[ortunntc lv oht.uncd Irom direct addition <)1' the

rc'a.c:cIllS) arc' xe lccu-d III the rccouuncndcd procedure.

1-)/<'0 o! snrtcutctnt ccnucntrcttion-: Trials were

l'I'nduclc'd tu rI":lt (,>< Io' mol/L 1/::'1III u,sing

hvdr.izinc dcri 1';1li I'CS ((lX In' mol/L, c.ich I and

dilfcrcnt conccurruuons 01 HOL ~lt JlH 6,S, It was

Iound ih.u the tlot.uion clficicnc y iIlCi"C:lSC, slightly

on incrcasuu: thc conccntr.uion (11'HUL .md :.:ilc\ ib

maximum \~t1l1C (-lOll Ie onlv 1',)1',\PPT! ~I~.t \',iJc

conccntr.ui..n range (11' I x I o' ..I:< I Ir: 11w[/L HOL. ,.l,t

roc

80

• c,...,
c-, v v

')L __ ~ ~ __ --'---

'_i'lltlZ; Il..,.!O .

I;(IL
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Property ,mel measurements APPT Hg(APPT-I1),

Table 3-Some physical and chemical data of the isolated solid complexes

Colour White

IIlI

5-1

Hg(APPT)CI,.JH,O

White

20SZYXWVUTSRQPONMLKJIHGFEDCBA
52

Yellowish white

203

70

\I.P .. C

Molar conducr.mce (ohm' cm' mol')

Element

Analysis

% Calc (Found)

C

H

Hg

CI

v(CO)

VICS)

vIN'H)

v(N'H)

VIC=N)

VIM-O)

VIM-N)

J033

398(~96)

33(32)

238(23.'1.)

8A(SI)

222(220)

132(30)

30.9{30.7 }

16.'1.( 17.0)

17DO

7XO

.1030

3150

523(S!.S}

-1-1(-16)

IR hands

Ii .O( II.I}

1717

no no

3110

1630

.183

-ISO

Stable

123(33.1 )"

:U(73)'

3IlJi30.7)"

2-18(2-1K)'

Wei~ht luss

inTG

Analysis

% Calc IFound)

Weight loss due 10 lihcr:l!ion oC: a-I C,JI.,;sJHCS h. h-(C7H-1'J,I,O+C1 '. c-.' H20. d- ('12 + C"II,NH(,S: e- C""NCII,CNI INI L

71-2()(J'C

20()-305"C

concentrations, more than I x 10-2
mol/L HOL, the

efficiency decreases owing to the formation of

miscelles and the HOL surfactant becomes firmly

attached to the glass walls of the flotation cell.

Therefore Ix I 0; mol/L HOL is the choice for the

other flotation Ill,-,lsurements. From the foregoing

data, 6x I 0
1

1l101/L Eg([!), 6x) O~ rnol/L APPT. I x 10'

rnol/I, HOL and pH 6.8 are the optimum conditions

which wil! be used throughout this investigation.

Effect temperature-The flotation efficiency of

Hg(II), under the recommended conditions. has

maximum value (- 100 ir. the Iempcruture range

20-35 °C. Increase in temperature decreases the

floatability of Hg-APPT precipitate by HOL

sUrfactant. This Illay be attributed to the fact that an

mcrease of temperature may increase the solubilitv of

the precipitate and the instability of the foam gIving

~Ise to partial dissolution of the precipitate and

msu:ficient foam consistency to hold up the

preClpttate.

Effect or iontc Itrellgth---The effect ()I· ionic

strength (c(werin'! a wide concentration r~ln,!e from
1 -1 ~ ~

xl0 to 1><i mol/L of each salt) on the flo.uabi]

of6x\O-' lll()11I H"i III u c i n o (,xl "l(,I/L .\PPT ~ll1c!1.' - ·,CC· •• , , •.•. ~ ,. .

x10 mol/L HOL ,II oil 6.~ was The

Salts (name i'iaCI. !(CL Na,SO 1 .ind llddc:d

to the nl1Lltillll medium contain C~ltll)ll' .l!lcl.Lllll1!h.

nearly resembling to those present in natural water.

The results obtained show that all the salts have no

effect on flotation efficiency. Only Cael, decreases

the flotation efficiency owing to the formation of

calcium oleate resulting in a decrease of the

concentration of oleic acid surfactant needed for

flotation. The adverse effect of CaCI, can be

overcome by adding slight excess of oleic acid

surfactant.

Effect offoreign ions-[n order to assess possible

applications of this study in the separation processes.

the effects of diverse ions on the floatahilitv of Hg( IIi

were investigated by adding known amounts of the

ion in question, to a solution containing 12 mg/L of

Hg(!I) and following the recommended procedure.

The results are summarized in Table I. A close

inspection of the table shows that Cr;+ has a harmful

interfering effect, which may be due to the formation

of higher stable complex with APPT and thus

decreasing its concentration available for Hg(II)

flotation. The addition of an excess concentration

lrorn APPT overcomes Cr(lTI) interference. Nic+.

C"c+. Sr
c

+ • Cd
c

+ or Fe'+ may on I)' interfere at

:iighcr conceurr.uions. The interference wnich may iJe

due to the formation of insoluble oleare s ()f these

inrerfere nts was overcome by addition of slight excess

of oleic acid surfactant or few drops of .one molar
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solution of EDTA or NTA. This agrees well with the
17 ~

literature data that heavy metal and polyvalent metal

ions form precipitates with anionic surfactants, curds

or lime-soap, that reduce the effective concentration

of surfactant and adversely affect performance. If the

hardness of water is not too much, an excess of

anionic surfactant can be used to disperse the curd and

render it innocuous. Organic sequestering agents such

as EDTA or trinitriloacetic acid (NTA) tie up heavy

metal ions in non-ionizing complexes and prevent the

formation of soap curds. This' makes it possible to use

arnomc surfactant in hard water. Also, higher

concentrations of some investigated anions may

interfere, which may be attributed to a competition

between them and the ligand (APPT) towards Hg(II).utsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
/vpplication=Av: order to evaluate the capability of

the flotation procedure for the recovery of Hg( II)

from water, various types of water samples were

selected. The selection of these samples was done in a

way as to provide a wide variety of sample matrices

characterized by different types of interferents. 12 or

IS mg of Hg(II) were added to 20 ml of prefiltered

water samples and floated under the optimum

conditions. The data presented in Table 2 show that

satisfactory recoveries of Hg(II) are obtained. The per

cent relative standard deviation of seven replicate

analysis of the mentioned samples (Table 2) is 1.6 'Ie.

Flotation IIxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 cchan is1If--I n order to propose a

mechanism for the flotation of Hgj Il), the complexes

formed on the reaction between APPT and HgCI2

were isolated in the absence and presence of HOl

surfactant. A comparison between the behaviour of

the two complexes gives an insight into their

coordination sites and their structures. Inspection of

the data (Table 3) obtained from elemental analysis,

IR and thermal studies indicates the formation of

Hg(APPT), and Hg(APPT)CI2-3H,O in the aqueous

and scum layers (Structures [ and II), respectively.

Since. the lR spectrum of the complex isolated from

the scum has no oleic acid absorption bands, it is

suggested that HOL may combine weakly with Hg(IJ)

complex through physical or hydrogen bonds and the

aggregates then float to the surface with the aid of air

bubbles.

Structure (I)

Structure (II)edcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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