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The contamination of an envirgnment by toxic substances such as arsenate, fluoride and
radium has become of serious problem in recent years, because it affects on the ecology of
many plants and animals. In this experiment, the fundamental investigation for the develop-
ment of efficient adsorbents to uptake such toxic substances was carried out for several
hydrous metal oxide. As the results of the experiment, hydrous iron (IIT) oxide adsorbs pho-
sphate ions such as orthophosphate, polyphosphate and metaphosphate ions, arsenate ion, flu.
oride, selenide and vanadate ion. Hydrous Tin (IV) oxide adsorbs fluoride and arsenate ions.
Hydrous titanium (IV) oxide can adsorb uranium {VI) and radium (II) when it treated with
sodium hydroxide or calcium hydroxide, while H-type one, treated with hydrochloric acid ad-
sorbs arsenate or pliosphate ions selectively, But it is not possibie to employ these oxide by
themselves because of their mechanical weakness. Therefor, composite adsorbents have been
proposed to avoid their weakness. We were able to prepare efficient conposite adsorbents
stich as combinations of hydrous iron (III) oxide and polyacrylamide, hydrous tin (IV) oxide
and polyacrylamide, and hydrous titanium (IV) oxide and polyacrylamide. Especially a feasi-
ble studies were carried out on a composite adsorbent, made of iron (I1I} oxide, and the ini-
tial cost and the running cost for treating 64, 000 ¢ of waste water per day were calculated by
designing a plant and approaching.
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Fig. 1. Adsorption isotherms of phosphate ion

on various hydrous ferric oxides at 25°C.
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Fig. 2. Effect of pH on specific surface area
and adsorption capacity when precipitantes
were prepared, 0.1 M Fe(NQ;); solution was
used for preparing hydrous iron (I1I) oxide,
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Fig. 3. Effect of concentration of iron salt
and KOH on specific surface area and
adsorption capacity. Precipitates were
dried without washing.
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Fig. 4. Effect of concentration of iron salt
and IXOH, on specific surface area and
adsorption capacity. Precipitates were
dried after washed.
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Table 1. Adsorption capacity of phosphate ar arsenate on the adsorbent which are prepared

with various alkali precipitants.

Adsorption capacity

Adsorption capacity

Precipitant (mg/lg) (mg/g), standing for 7 day

Without washing  After washing Without washing After washing
NH; 21.23 17. 37 22,98 18.07
PO KOoH 19. 47 11.98 21.93 17.37
! NaQIl 15,09 9.30 20. 88 15, 97
LiOH 12, 28 8. 60 14. 74 12,28
NH; 39.79 26.02 41.33 30. 10
AsO, KOH 38.77 36.25 40, 82 39,28
' NaOH 26. 53 23, 47 38.79 35.71
LiOH 23.98 17. 35 29,59 24, 49

0.5 molf! Fe(NQy); solution was used for preparing hydrous iron (III) oxide.
pH: 6, Drying temperature: 80°C, Particles: 100-200 mesh
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adsorption amount of phosphate.
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Table 2. Effect of the treatment with (NH,).S50,

on the adsorption capacity.

Amount of adsorbed

(mg/g)
A A 21.0
A B 47.0

FeOOH
e B A 17,0
B B 38.0
A A 1.23
A B 3,20

.FeQOH
A-Fre00 B A 0. 98
B B 3,48
A A 9. 63
A B 1.1

- FeQOH
e B A 5,53
B B 7.99

AA: Without washing precipitate was dried.
AB: Precipitate without washing was mixed
with the 0.5 M {NH,).S0; solution. Then the
precipitate was dried. BA: After precipitate
was washed, it was dried. BB: After precipi-
tate was washed, it was mixed with the 0.5 M
(NH,):S0, solution., Then it was dried.
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Table 3. Raw materials for preparing poly-
acylamide

CH,=CHCONH.+HCHO {1

CHy=CHCONH:+CH,=CHCONHCH,0H (2)

CH,=CHCONH,--CH,
=CHCONHCH,NHCOCH=CH, (3}

CH,=CHCONHCH,0H+CH,
=CHCONHCH,;NHCOCH =CH, 4}
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Table 4. The adsorption capacity of phosphate ion on various adsorbents

Nmber o Fesalt Procipitane AUpgSme Acyiamide | Clossligking - Adsorbed
1 — 1 7 4.7
9% NaOH — 14 7 8.3
3 FexS00s NE — 14 7 6.3
4 3 — 14 7 10.0
S i 1 : o
7 FeCl, NH, 1 14 7 6.4
g* 1 14 7 12,0
9 1 14 7 20.0
10 1 14 7| 21. 6
1 1 14 21 30,1
12 1 14 28 33,1
13 0 14 28 28.3
14 1 14 28 33.1
15 FeCly NH, 2 14 28 32.0
16 7 14 28 28.6
17 1 5 10 40.2
18 1 10 20 35.2
19 1 15 30 33.3
20 1 20 40 22,1
21 1 14 10 22.5
22 1 14 5 28.2
23 1 1 2 30.5
24 1 14 1 38.8
25 1 5 3.6 2.2
26 FeCl, NH, 1 5 1.8 19.5
27 1 5 0,72 16.3
28 1 5 0. 36 17.1
29 1 2 1.4 7.5
30 1 2 0,28 4.8
31 1 2 0.2 1.6
12 1 8 0.2 18.0
33 1 8 0.4 16.5
34 1 8 0.8 18.3
35 1 10 0.2 18,5
36 FeCl, NH, 1 10 0. 16.0
a7 1 10 0.8 17.0
38 1 12 0.2 14.0
39 1 12 0.4 17.4
40 1 12 0.8 17.5

* Treated at 90°C, for 3 hrs.
#* 1-20, adsorbents were prepared with acrylamide and 35% formalin as a cross-linking agent.
{em?)
*# 21-31, adsorbents were prepared with acrylamide and N-methylolacrylamide as a cross-linking
agent. (g)
*#% 32-40, adsorbents were prepared with N.methylolacrylamide and N,N'.methylenebisacrylamide
as a cross-linking agent. {g)
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Table 5. The adsorption capacity of diverse

anions on our efficient adsorhent

Adpt. capacity of  Initial concn.

Anion  adsorbent for anions of anion
(mg/g) {(mol/f)
AsQ 43 (as As) 2.67x1078
AsQ,? 46 (as As) 2.67x 1079
P30, 26 {as P) 6.46x107¢
F- 24 2.10x1073
MoG, 12 (as Mo} 4. 17x 1078

The experiments were carried out at pH 4.
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* A: Waste water (contained P), B: Adsorption tower of Active carbon
C: Adsorption tower for phosphate, D;: Tank of HCl
Ds: Tank of NaQH, Dy: Dissoluted tank of agglutinant
E: Centrifugal Separator:, F: Mixingtank with chlorine
P: Pump
TK-1: Tank of waste water, TK-2: Neutralizer tank
TK-3: Precipitation tank for agglomeration, TIK-4: Tank of Eluting agent
TK-5: Tank of sludge, TK-6: Neutralization tank of washing water

Fig. 9. The flow sheet of the removal of phosphate ion with columns
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=)~ Column: ¢$8x100 mm, Bed volume:
5 mi (Ca.-form) Flow rate: SV =25
-@- Column: ¢#8x100mm, Bed volume:
5 mf {Ba-form) Flow rate: SY=25
-A- Column: ¢13x150 mm, Bed volume:
15 m! (Ca.form} Flow rate: 5V=25
-0~ Column: #13x150 mm, Bed volume:
16 m! (Ba-form}) Flow rate; SV=25
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