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Abstract : Carboxymethylated polyamine-polyurea resin loaded with rubeanic acid
(RCCPPI resin) was obtained by 1 step chemical reaction between chlorocarboxymethylat-
ed polyamine-polyurea(CCPPI) resin as matrix polymer and rebeanic acid. This resin was
confirmed with infrared spectrometry, elemental analysis, and thermal analysis(DSC). The
adsorption characteristics of the heavy metal’'s on the resin were studied by measuring dis-
tribution coefficient(Ke) with changing pH of the solutions and frontal chromatography.
The enrichment, recovery, and analysis of trace heavy metals, such as cadmium, cerium, cop-
per, nikel, lead, and zinc, in the presence of high concentrations of sodium, calcium, and acet-
ate salts was possible quantitatively by a column packed with the resin at each optimum
pH. Preconcentration factors were more than 25. To elute the adsorbed heavy metals on the
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resin, 0.025M EDTA solution(pH 9.0) was used.
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Table 1. Wavelength and detection limit of the heavy
metals for ICP-AES

Element Wavelength Detection limit,’
nm ng/mL
Ca 393.3 0.2
Ccd 226.5 2
Ce 394.3 6
Co 238.9 10
Cr 267.7 25
Cu 324.7 6
Fe 238.2 20
La 379.5 14
Mn 257.6
Ni 221.6 15
Pb 2203 100
Pd 3405 44
Zn 213.8 10

“'The values were calculated from signal-to-noise ratio
of 3.
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Fig 1. IR spectra of the resins.
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Tuble 2. Elemental analysis data of PPI resin back-
bone chelating resins”

Chelating Element, %
resin C H N S
PP1 52.27 7.73 17.75
CCPPI 49.69 6.09 15.00 -
RCCPPI 50.27 575 15.86 3.22

“"Triplicate determinations. R.S.D.: (0.01~0.80%

Tuble 3. Enthalpy changes(4H, cal/g) on each endo-
thermic transition point( ) of the chelating resins
measured by DSC

Transition Chelating resin
point PP] CCPPI RCCPPI

¢ —-&aH © —-aH ¢ -a2aH
1 834 2315 876 2233 789 1814

2 318 59.31 206 32.20
3 427 17.29 431 782 404 350
"Triplicate determinations: Sample taken: 5.0mg:
Nitrogen gas flow rate: 10mL/min.: Temperature

increasing rate(50%C to 500°C): 20°C / min.

-
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Tuble 4. Heavy metal capacity(mg/g) of the

log Kd

Fig. 2. Effect of pH on the log K¢ value of heavy
metal by RCCPPI resin. “'Metal solution: 10ppm,
20mL. Resin taken: 100mg.

E v} 712l o] o] BAolz}t A= o). ks,
TebE 5ol A 2904 log Keglol & Z-& poly
(dithiocarbamate) %9} & @A olw, o) f-H9
Fa4 o] 5] 9714 A log Keglel & A2 712
EAe g Zejolul- Ze|g-ao]l gx]9] EAfo]y]
g #olct” RCCPPI $49] 3% ol &% g
pH 5.07 9.0+ &4 8ted Table 40| el e}, v]
2d FEt FAFE Lo Fdod, F pHol Ao F
Ao A7l AL logKagtel 7] $=29} dx)sh4d
=3

8, RCCPPI 2] & 422 vjE3 Ao At =
wlAte] oF% 422 1g3 mmol T2 Fh4bslir, zhzte)
T4 ol Fa5x 4 1g%¥ mmol T2 43}
of Fylatal FFE o] 29 EuR shalgt ARE
Tuble 5| ieblisict Skt 534 o]0 Enjr}
1: e 24k A& Cd(1), Cu(ll), Ni(ll) % Zn
()elsy, Ph(Il) o]} A= oF1:04a AL <
5 glonk Fel wl9is)E 2Rk WSl Abel 2l
Ab b oluje} 527) sl 20 Asiizke} $4) v
B0 AYH S Ut FH2BA7]o) 9ste] W™
Aol B2 itdol 2ol weh i H L AHE b Ao
v} FHl4bg SF34 o] EulE wej Holn=

RCCPPI resins at pH 5.0 and 9.0"

Metals pH
5.0 9.0
cdcl) 8.96 54.67
Ce(IV) 13.75 9.00
Co( 1) 4.64 14.17
Cu(l) 33.96 48.07
Fe(Il) 9.88 13.52
La(Ill) 5.97 10.37
Mn( 1) 0.82 10.40
Ni(I) 7.29 27.37
Pb(1l) 14.52 40.57
Zn( 1) 5.66 35.50

“Resin taken: 30mg: Metal ion solution: 20mL of
2,000ppm.

Table 5. Mole ratic between rubeanic acid in
RCCPPI resin and metal at pH 9.0"

Metals Metal capacity Mole ratio
(mmol/g) (rubeanic acid:
metal)
cd(lIl) 0.486 1: 0966
Cu(11) 0.757 1: 1505
Ni(Il) 0.466 1: 0.926
Po( 1) 0.196 1:0.390
Zn( 1) 0.543 1: 1.080

“Rubeanic acid in RCCPPI resin(0.503 mmol/g)
was calculated from elemental analysis data(3.22%)

o= wi ] 2b7} Fgol ol w91 = EXE sl on]
A o] AR Ju)7t Qg Ao Pziied

3.3 2345 0|28 55 9 3¢

Fig. 3¢l pH 8.0914 A7 0.6cm, Ae] 2.0cme} =t
< RCCPPI A 35 F3le] T4 o] 252 8|4
713, Ao TE2Gagvte g8 Jehygdch 3t
< R et Culll) o] 22 #5774 (break through
point)©] 1,300mLe] %, 7} 2k Ph( 1) o]- 2 =|2}
&= 125mL7} de=ot B85 ol #FH =2 £
A& g3 ek Cr(V)(10mL)<Pd( I )(125mL)
< Co( 0 }(250mL) < Cd( 11 )(300mL) < Zn( I ) (350
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Fig. 3. Frontal chromatogram of the heavy metals by RCCPPI resin column(0.6cm(i.d.) X 2.0cm(L.)) at pH
=0 10)”.  “"The concentration of the mixed metal solution: 2.0ppm each.
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7} B3+l vlxE A3-E pH 3.52 %8 pH 8.07}
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3 (Fig. 2)5 FARE BA7F A58 o 7 ok

Table 60l = LFx2] FEY Foff A3l nlak F
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o
S
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AN
N,
Q¥
O
o
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U & s rdAeE S ol2Ee] w9 e | O S o R
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A3t vl FFE50 F& - S rheshedct
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3 A4 Tuble 7o vehfigich AR 02 ¥

=
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=

Break through pont of Cu8 Pd,mL

Az 7F FEE o) 2ol ti3ted 25w o] }E A& A 7} 704%9) T58%E FA W Holy 2} 0.025M
2m, RCCPPI Aol F38 F3F o]LES 2M  EDTA £ (pHI0)el 2l3le&= 98% olAke] 3|58
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Tuble 6. Rerovery percentages(%) of heavy metals from different matrices by a column( 0.6em(i.d) x 2.0cm(L))
packed with RCCPPI resin’

Sampls » ‘ Metals

cd(1ll) Ce(IV) Cu(ll) Fe(I) Ni(ll) Pb(1l)

1 96,100 97,99 98,99 100,98,101 96,98 99,97

0 97 102 98 97 100,96 99

3 97,92.96 96.95,99 99 98,96 101,97.95 97

4 10297 101,96 98 97,99 99 9

5 94 96 97 45 97 99

6 11 05 77 1.2 -

7 22 76 24.1 7.9 -

8 99.8 - 98.3 101 -
Mean(1--5) 97.6 97.9 98.2 98.3" 99.1 98.2
No. of data 10 9 6 8 10 6
RS.D.(“) 3.0 2.3 0.7 1.6 39 0.9

a)Triplicate determinations at pH 9.0( (.1F ammonium acetate buffer), sample solution: 1ppm, 100mL, Elution
for recovery: 10mL of 0.025 M EDTA(pH 9.0), Flow rate: 0.5mL/min., Sample indentification; 1: 0.1F am-
m()mum acetate, 2: 5,000ppm Ca( I ), 3:3.0% NaCl, 4: 0.05F KF, 5: 0.1F citrate, 6: 2.5 x 107 'F EDTA, 7: 1.0
x 10 °F EIITA, 8: 500ppm Fe(ll). "'Mean(1~4)

Table 7. Recovery percentages(%) of metals by 2M B, QAR 9 A A EA Y o 2 BAlste g

nitric acid or 0.025M EDTA(pH 9.0) after preconce- 9 AL Bsisch o] AelolE A

ntration using packed with RCCPPI resin at pH 9.0 = ]’“;Z}g Aol Cr(T). P11}
r

[»]

and preconcentration factors”
B Pt(V) o]22] A= A £l & Kaghd
Preconcentration Recovery

Metals ’ _ M itrio asid  0UZM EDTA el gl oz, CACIE), Cu( ), Nit II) = Ph( |l) o] & &
factors nitric acid £ o %}7] 2] gel 01]1-1 aZ K.@,{v— L“rﬂﬁdq pH 9.00]] 4]

cdcih) 100 80.2 99.2

Cel V) 50 927 1005 Cd(ID), Cu(l), Pb(T) % Ni( 1) o] &-5-& 250 o
ol 1) 50 87.5 984 Ao EEAE 48 e, FEH FEE o

Cul 1) 100 70.4 49,7 22] 34 2M HNOs £ ¥l 0.025M EDTA &

Fe(lll) 50 99.9 99.8 o (pH 9.0).2.2 100+2% olje] €& 3488 oo

Mn( 1) a0 807 99,2 % algdch. RCCPPI 4| gl ol sto] & ([I) of =2

b o e ol EASHE B P FEE 5335 R 49

Pb( 1) 50) 75.8 99.5 ol PV sheict

“Triplicate determinations, Column : 0.6em(i.d.) x ° '

2.0em(L.), Volume of recovery : 10mL, Adsorbed

heavy metals on the RCCPPI resin column : 10ul UAte] 2

each.
o] AT 191 g ehal et luk 7)ol )
(JJrlﬂ‘ﬂ:Q‘_ 911-0304-041- ?)4 ] -8 tﬂo} e gl =

4. WE
A TR g2 et gk & =7yt

Tl 80~90C e 80"/(V/v) o] 8AF o of
A 2z gslEBadgsiE o}n). Ze| 9w} 4
Aol AR A= 7;_},”91'@-? = aRalsg 2ol
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