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Zgolze] Cr(VD) ol MAS gol& ARYAIA sodium lauryl sulfated A1-43ted AEF2)71&(AAF
Ay FAZZol s A& o435t gatedch Cr(VI) o] AlA e #3 pHe A4S pH 8.0 T34
FAEZolm AL Fe(OH):E AHEshe A$ pH4.0 A4 Yebgrh Cr(VD o] & AARE] %<&
o] AE QabEal AW B, Fe(lll) o)L, 2% o] 59 3l sl zAlstsich F4A52] Cr(VD) o] &
AAe] 9lojx] AR FaARAH] FA7|F F £ dFEE Alaste] Fasgict

Abstract—Experimental investigations on the removal of Cr(VI) from aqueous solution were carried out
by the foam separation techniques(precipitate and adsorbing colloid flotation) using sodium lauryl sulfate
as a collector. The optimum pH for the removal of Cr(VI) was found to be about 8 for precipitate flotation
and about 4 for adsorbing colloid flotation with Fe(OH)s The effect of surfactant and foreign ions(Na*,
Ca?*, NO;~, SO,2) addition on the removal efficiency were observed. The adsorption and separation mecha-
nism on the removal of Cu(Il) ion by the foam separation techniques of precipitate and adsorbing colloid

flotation were also observed.

.M £ AR AR oB BAse 72 FAAA

9o 2 BE] Fejshs Zolth AF R e 71A-AA

7} % #-2] 7] % (foam separation techniques) & 3]2}3t Aol AR EAe) FAshs AL o83t &
gAFe] ol g B FRHEAS ¥ = dzo g 7|2E AsAlA AYBEIELS A
AAsHs 71e28 AR, AT, F53d, HAr 7| 2ol FEHAA SAozRE oAk At
e ol de] S8 151 o] V& dale sk B0l AREZAYQR Aol S4F AW
Am g Aol o8 A-4H e ZJA-4A AR Aede rlele] APEd ez 23 Ee F3
g stste] g5 ool HHE & AWEA o8] AREAE GA @ o d7)e 71E2E FA

483



484 IR 2

HogH FLAFo IV BeZic)

AEFRe7IEde Hol sl Fd2 Berqle A
¥2¥y(foam fractionation) 3} E-£49] E3& Bz
A7 AFF-A (froth flotation) ©) v} AFH-A1H
e 4A4Fe AAEA e FERY B o)
o]- &5 A (ion flotation), A ¥-AMY (precipitate flo-
tation), §2-FF o] Y-AMY (adsorbing colloid flota-
tion) $o2 FHHAC) o] 2HAHLE LA F o]2&
X A, F JA-AA 9 Ads AdBAz &
A3tA1A o] o] EU Ade] FAHEE s, o]
o] AHPAIA o AjFste] 25AE B A shed gl
FAEEE 3 of ERg Hgshs 7)oy, IA
FAHE §AF9 o]28 IAAEL = g5 2
AAEY ZdHE AQEHAR Lg4Ao] FHA & oS-
Zpol] FEAA 2 £UE Ik Aolth =¥} F
AZ 2oz Hagye Lduld] Fe(IlDY Alum &
A7lsted FAFRo|EE qhE A o] FATRo|=9]
2 9ol £9F o]0} HHEE A Ee F
A o5 AREHAE AHEsl 3 e THE
AHEY PG 2742 5] A$shs 7|29
Al FHAA AAAT= ek

HFe] guigt 535 H2E s A
yhglo] 71k o] ARg-xe] gich zev) sshdAb
e 2 A7 4371 desh £8Ae Fus =2n
L% o]slRe zZleke] Tatdln AH TS o] 9
FTEE FE5] @A fA3] A HEHLE o
7| A A A fsledo} = F AEH D HA=H
a7} o) ool wh| AFEer|ee §AF A
Edhs FHol 29 FEE WA A & YA, 23]
w23, Fe FAAMRE o] shest, thgE =2
719 o8 7k FFell ZH4o] sbeEiH, wlmH
1A 2 4ol 7best & o8] A3 el Ut

FZole AAA, AdE 2 FasA oo A
AR FAFT2o| Al A3} A7) o] F

_‘

AShe oy oleo) FuHe WA A wor He o
ARGYAFe 2T Fol7t Apretdri7-10]. §42
ZolER Ay e Zeitlin S[11,12]0] AH83H o H:
7 e A7) o) Rol gk o] Wy e Holit Aumg
gzl Aol FATROZE WS FEEE
FAAAAY, A0ge] FHEReI= Tre] 3
=S slel Felal7lE Wgolch13-20). & 3T 25
[21J00 4% Cu(IDol &) AAE Y4} §42
2olmmapgos A ¥ ok

Cr(VDel & A17E S8 d7E o A77hsel

8128 1327 X3S 199444 6%

9)s}ed o] F o]z c}. Bhattacharyya $[22]-& NaHSO, &
ARS8 Cr(VD) o1& Cr(IIDE 335 NaOHE
AHgsl 2E FAEE YA YHE gE AR
AAR-A4E& 3Pasdch Pietrenko[ 23]+ o] 25 7}
AdpAdgor Lo Cr(1lD o] AAE H3
doo #z pH #Hele pH6-8d Aoz vehyrh
Huang $(24,25]2 F3AFEo|=Z Fe(OH)s;9 Al-
(OH);& AH43 FEgols LAys) FeSOE %
YARZ AL8ste] Cr(VDE CrID2 343 & §3
ERolze} FAAA Cr(VD) °o)&& AAsH o 2&
AE ¥% 05ppm mvte g AAF 5 st

2] 27}A] foam separation ¥PH-g o]€3 Cr(VI)
o] AAdMe FAFAHI FAFZo| =AY
F2u|7hEE vlasle FHI A7) o]Fo] A%
ogtom, w3 Fgfibd Bk o E o Y
pHAE S 3 77} $-F3ich B A7 A= 5
4459 Cr(VD) o] AAZ IARrAYT FAER
o= RS FAlo dsled pH, AHEAEA FX,
o] F9 YFE v HEI I o}&7 77te) el
g Fa7| 9 e &S FEskax gl

2. AEER H U

2-1. Al

£ A3 AF3 ARG Aldge] ol A
HPAAQ) sodium lauryl sulfate(NLS)eo]e}. Cr(VD)
o] 492 go) 235 FHgel AlFF2 Na,Cr:0;
2H,08 HojA whEgleon 42 = NaHSO: & 4}
L3l ch 32 2o] = Fe(NOy) ;- 9H.02} AI(NO;);
‘9H,0& AH&3le] ghEgich 9| F-o] 222+ NaNQ,,
Ca(NO;y), Na,SO,& AH8-3ksich

2-2. AEIR

Fig. 1ol & A#ol A48 43845 veplisich 7
E77 -2 pyrex glassZ "HE A7 35cm, ¥°] 90 cm
9] A& ArgElgch AES HAvlAE AN &
Aj el g St EAC HAvhaE A
EF 49 2uIAA4S wAEr] flsle] £2 23}
A7) oS &% ¢l A A S glass wool column-$-

FAAA BEES AAY o AHgskch

2-3. Algary

Cr(VD) s8-8 stock -84 (1000 ppm) & AH4-8}od
wrEgich AAEAAEAAE Cr(VD) $+248 A7
Aol Zu)% 5§ YA 2 NaHSO: & H7hsle] Cr(VD &
Cr(IID# #9% o8 292 NaOHE 713t pHE



F4AFe] Cr(VD ol AANMY FAFddst FAE2e|= 9] vz 485

700
.:. 5 L___% 9

Fig. 1. Schematic diagram of experimental system.
1. Nitrogen supply 7. Fritted glass sparger

2. Valve 8. Reagent syringe

3. Humidifier 9. Drain and sampling
4. Glass wool column 10. Foam discharge port
5. Needle valve 11. Discharge foam

6. Rotameter
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Fig. 2. Effect of pH on Cr(VI) removal by reduction with
NaHSO; to Cr(1Il) followed by precipitate“f\f:lota-
tion[Cr(VI): 50 ppm, flotation time: 30 min, gas
flow rate: 100 ml/min, NLS: 100 ppm].
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Fig. 3. Effect of pH on Cr(VI) removal by adsorbing col-
loid flotation with Fe(OH):[Cr(VI): 50 ppm, Fe
(I1I): 500 ppm, NLS: 100 ppm, flotation time: 30
min, gas flow rate: 100 ml/min].
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Table 1. The effect of initial surfactant concentration on
Cr(VI) removal by reduction with NaHSO; to
Cr(IlI) followed by precipitate flotation

Residual Cr(III)

Initial surfactant

concentration(ppm) concentration(ppm)

20. 42,
40. 20.
60. 3.
80. 3.

100. 1.

150. 1

200. 1.2

300. 6.

[Cr(VI): 50 ppm, gas flow rate: 100 ml/min, flotation
time: 30 min, pH: 8.5]

Table 2. The effect of initial surfactant concentration on
Cr(VI) removal by adsorbing colloid flotation
with Fe(OH);

Initjal surfactant

Residual Cr(VI)

concentration(ppm) concentration(ppm)

10. 8.
20. 5.
30. 1.2
40. 1.0
50. 0.5

100. 05

150. 0.8

200. 1.7

300. 9

[Cr(VI): 50 ppm, Fe(lll): 500 ppm, gas flow rate: 100
ml/min, flotation time: 30 min, pH: 4.5]
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Fig. 4. Effect of foreign anions of Cr(VI) removal by reduc-
tion with NaHSQ; to Cr(IIl) followed by precipi-
tate flotation[ Cr(VI): 50 ppm, NLS: 100 ppm, flo-
tation time: 30 min, gas flow rate: 100 ml/min,

pH: 8.0].
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Fig. 5. Effect of foreign anions on Cr(VI) removal by ad-
sorbing colloid flotation with Fe(OH);[Cr(VI): 50
ppm, Fe(III): 500 ppm, NLS: 100 ppm, flotation
time: 30 min, gas flow rate: 100 ml/min, pH: 4.5].
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Fig. 6. Effect of foreign cations on Cr(VI) removal by re-
duction with NaHSO; to Cr(III) followed by preci-
pitate flotation[ Cr(VI): 50 ppm, NLS: 100 ppm,
flotation time: 30 min, gas flow rate: 100 ml/min,

pH: 8.0].
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Fig. 7. Effect of foreign cations on Cr(VI) removal by ad-
sorbing colloid flotation with Fe(OH);[ Cr(VI): 50
ppm, Fe(IlI): 500 ppm, NLS: 100 ppm, flotation
time: 30 min, gas flow rate: 100 ml/min, pH 4.5].
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