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Summary
I. Title

Process Development by Precipitation and Separation of Inorganic for Water Resource

Conservation and Utilization
II. Research Objective and Importance

The aim of this research is to develop selective treatment process for
inorganic pollutant in industrial wastewater to recycle water and raw

materials,
III. Scope of Research

- The Studies on the formation of the carbon-carbon bonds
in aqueous media,

- The Study on the synthesis of homoallylic alcohols from
allylic chlorides with various aldehydes and ketones.

- The Study on bisallylation reaction of the 2-pyridyl esters
with allyl halides.

- The application of these mothods for the synthesis of the main

intermedate of cephalosporin and penicillin antibiotics,

IV. Results

- A fundamental process by the co-precipitation and filtration of heavy
metals (copper, cadmium, lead, etc.,) dissolved in wastewater was developed
to reuse water.

- Removal of cupric ion by coagulation with iron

- Reduction and removal of Cr(VI) with iron(Il) in metal plating wastewater



3Fe® + HCrOy + TH — 3Fe® + Cr¥ + 4H0 (1)
3Fe® + Cr¥ + 1200 — 3Fe(OH)s | + Cr(OH)s! (2)

Cr ion concentration in raw water : 1360 ppm

Cr ion concentration in raw water : 0.6 ppm

Melamine Process Development Wastewater Treatment
Raw water : TN : 3,100 ppm, SS : 2,000 ppm, NH3-N @ 350 ppm
Treated water : TN : 352 ppm, SS : Not Detectable, NH3-N : 4 ppm

Suspended colloid removal process development in paper-mill plant
wastewater
Raw water : pH: 7.5 - 7.6, SS : 76 - 151 ppm, turbidity : 6.5 - 12 ppm
Treated water : pH: 7.5 - 7.6, SS : ND, turbidity : 1.5 ppm

Suspended colloid removal process development in CMP (Chemical Mechanical
Polishing) process wastewater
- coagulation - flocculation - precipitation - membrane process

SS concentration in treated water @ 5 ppm

Process Development by Precipitation and Membrane of Inorganic for Water Resource
Conservation and Utilization

Mesoporous silica support was produced for the removal of copper ions. To
maximize the capacity of support, the pore size and surface area were
controlled by varying the hydrophobic group or adding auxiliary molecules,
Extraction was used for the removal of remaining surfactants. The amount
of solvent and time was reduced by wusing wmicrowave exfraction.
Aminopropyl triethoxysilane and 3-(2-aminoethylamino)propyltri
methoxysilane were used as selective removal agents. IR data showed that
the agents were bound with silica surface by covalent bonding.
Functionalized mesoporous silica removed the copper ions above six times

than conventional silica in batch reactor. This is due to the increase of



‘surface area and uniform pore structure, The uniformity prevents the
blocking phenomena. And, in order to recycle the precipitation-treated
waste-water through microfiltration process as process water, it should
pass the reverse osmosis process. To design the reverse osmosis process.
we performed elementary experiments using the commercial RO membrane. We
devised the flat-type test cell and performed experiments for copper
heavy-metal, to provide data for designing waste-water recycling process,
- The development of photocatalytic and plasma reaction system

for the wastewater treatment

we have tried sol-gel methods combined with freeze drying or stearic acid
addition techniques to get TiO, particles with high degree of anatase
crystal growth and specific area, both of which are attributed to the
photocatalytic activity, higher degree of anatase crystal growth was
achieved by using freeze drying technique as a drying procedure of sol-gel
method than conventional oven drying method. The addition of stearic acid
to the reactants resulted in the increase of specific area of TiO; but no
significant effect on the anatase growth. We also have tried synthesis
technique using RF plasma to get film-type TiO; catalyst which is highly
adhesive to the substrate. Even though we have not synthesized the film
during the first research period, we have convinced on the theoretical
backgrounds that the adhesivity of film must be achieved only if the film

is formed on the substrate using this method.
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Fig. 1. Schematic of reactions between colloidal particles and

polyelectrolytes.
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Table 1. Coventional inorganic coagulants

< A A 33 =24 %] 2] pH

=it A 138 (Ferrous Sulfate) FeS0, » 7H:0 pH 4.3 ~ 12
Zxb A 23 (Ferric Sulfate) Fes(S04)3 n
@3} & 24 (Ferric Chloride) FeCl, »
at BYE (Aluminum Sulfate) A15(S04)3 pH 4.3 ~ 8
FEAT =R

N = NaA10;
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Table 2. Polymer as a coagulant aid

‘I b4 » ok . . .
% =2 7} anion polymer <% anion 7 anion Nonion
polymer polymer polymer
~ CH,- CH - - CH,- CH -
- CH,— CH - ; t
TE | COONa , CONH,
COONa n
nim = 15:85 | nim =595 | nim = 0:100
5 .
Hg 2T 1T FH= A=
=3
23
L3 s= 0.05~0.10 0.05~0.10 0.05~0.15 0.10~0.30
(%)
ks
6~12 7~12 6~9 4~7
pH ¢
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of EA7} 913, metal-hydroxide?] £3]=7} ol A3t 2 Ho| o] Fojx|#] 9k
of Azl Foll Yo FKol2o] EA3iA Hch

|2 &3 el 4t3Hdo] Fe(OH); ez ¥d H of &
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SHAZ AM&3to], pH ZHo 23t Fe(OH); Hej=e] A
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+2| 10 ppm 1 FH4Z 600 ml Pyrex beakeref z}z}b 300ml 2 Y& t}g ztzte)
Lol Fe & 100ppn% @3 pHE 22 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0,
12.022 ZA 3 ¥ Jar-Testerol A 150 rpme. 2 187F 2478 3127 70 rpnl 2
$<& 8% 2| filter paper(Advantec Toyo #2, Japan) & ofz}dloja MIZal 31l
Tl Zt sample 10vH 3|3t %] sampleo] EYUFYE F2lY SEE FAsl
3 A w2 AES AR i MEYY HE iz 2ot T A
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= 239 %} pHoll wpE Fe| o] AHA
ZoEs eAA o] oz} pHoll w2 Fe] o] HA AIE oty ¢
*‘@.4 éql_ Fig. 1.o] Uehfgch E FUg atspde] 17 ofBE o 4l
e Azte Fig 2 ol Uehfch 100 ppr Fe' #71x] Z3o| HAdso] ZAT3HA
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Fig. 4. The effects of pH and Fe* dose on Cu removal.
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Ag Austel Zejoled A& AAZ AASHACTE 10 ppo] Tl L2 50

ppndl @3 A 2 H SAAE 7~10 ufH 27| MEA 1,200 go] AR M
E7|etel] ASFA O Z 50 pl/ming] 52 FIEFHA ZAlof] M3} Qdgote)
A EYE 98] airE 50 1/mind] £ =2 FF3 FAUCh W] HFHAHR
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Bzt et HEHH] Fol &l pH gk F717 o ol dofubx] ge air
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Asle AEBe ol BEE FAstl B4 Aelol TeA HEM 4T
5o ¥4 pHrb FAIZL EASHA fAlEe oz Algdch MIME i
pH ZZo] dAstA RAIELE Asf, Fe(OH); B8 X FEH L Fe(OH)s S8 W+
of SR Fel o8 FREIIE FAT T ASHE oz Uehgrl el
Al dgFo] XEo AW Felet AR FYUE AtsEHo] BF [ oE A
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Fig. 7. Residual Cu and Fe concentration and pH profiles

(2) Stainless steel membrane pore size H13}o] wlE A8 & W}

VX EH Aelge] ZAQA Felo Qlo]i stainless steel membrane?]
pore sizel] HI}E dolR7] fJ3] HAZ uvFol Hx|Eo{ele stainless steel
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A AEFHE skt Fig. 000 2 A& Hadch
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3Fe® + Cr¥ + 1200 — 3Fe(OH);{ + Cr(OH)3 ! (2)
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Table 4. Residual concentration and removal efficiency after unit processes

SS NH*-N T-N
S (mg/l) | HAE(%) 5= (ng/1) | HAE(%) |55 (ng/1) | A A E(%)
U 2000 ~ 350 - 3100 -
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L - - 7 98.0 2757 11.1
stripping
Filtration ND 100 4 98.9 352 88.6
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Table 5. The contents of wastewater after biological treatment process

pH SS (mg/1) Turbidity (NTU)
7.5~7.6 76 ~151 6.5~12.0
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Table 7. The property of CMP process wastewater

pH Si0,(%) SS(mg/1) TS(mg/1) | CODw(mg/1)
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Fig.4. SEM image of prepared mesoporous silica.
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(a) 4:1:25:200, (b) 4:1:50:200 and (c¢) 4:1:100:200.
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Fig9. FT IR data. dodecylamine was used as surfactants. (a) untreated silica.

(b) AEAPS was immobilized on silica. (¢) copper ions were removed using silica (b)
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Table 1. The amount of copper ions removed using functionalized silica.

Untreated Silica

Conventional Silica (mmol/g) Mesoporous silica (mmol/g)

0.001 0.004

Functionalized Silica

Conventional Silica (mmol/g) Mesoporous silica (mmol/g)
With AEAPS- With APS With AEAPS With APS
0.012 0.015 0.107 0.083
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