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Abstract : This study is on the denitrification process using the sodium alginate and CaCl, as a
flocculant. Removal techniques of nitrate nitrogen from waste water are reverse osmosis, ion
exchange, electro dialysis and biological method etc. We tried to remove nitrate nitrogen with
flocculation and sedimentation method in the present study. Calcium alginate is expected to form a
chelate bond with nitrate nitrogen in the solution. So the effects of flocculantt component,
flocculation reaction time, molar ratio of the flocculant, flocculant injection rate are studied to
determine the best removal rate of nitrate nitrogen. In addition, we tried to determine the nitrate
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nitrogen removal mechanism by analyzing the structure and component ratio of the configuration
after the agglutination precipitate by FE-SEM and EDS. As a result, the nitrate nitrogen removal
mechanism is turned out to form calcium—nitro—alginate, and the best mole ratio of flocculating

agent is 1 :
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1, the injection rate of the flocculant was up to 2%, the removal rate of the nitrate
nitrogen to be 56.7% in the synthetic wastewater.

Calcium alginate, Nitrate nitrogen, Chelate bond, Flocculation and sedimention

A2 sodium alginate@r CaClyE o]&st A4td
i AAe T A= gtk ol A A
A 849 *Q“OHFJ} e w2 A
5 2= 5ol Aol Folut Ao o7t A
A7b og7] "iwelth[9] & AFelA= S3A
% 3Fel sodium alginate7}
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FAAH calcium—alginateE ©|
ot Aid 45 83 A 2 AA s
Ag dtotalzt skl
2, A5 o|2

A Aag AAstA; _ivh Aol SHA
2 A% sodium alginate®} CaCly7} ¥H2s}e]
calcium-alginateE  @A4sty, oldf JA4H
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alginate®] #+x& YERA ST

2 AFME A YHeR Ha &9

_NOy

NO;

Fig. 1. Schematic of Chelate bond of calcium—
nitro—alginate.
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3. d8 M= H WY

3.1, HxzE ¥ W

ddH4+=E COD 200 ppm, NOs; 20 ppm,
TP 5 ppme| HE% 3 L Ax3ch &4 &of
M Aatt EAY ol AAREC] ¥ EU4A
A, AR HE Holle f71E, 1 § A= AEE
o] EAlstR=® {7 ¢ et Hr=
AdS APsteiet. ojul ARFE AleF Dextrose,
KNOs, KHPOs= Daejung chemicals & metals
Co., LTDE olgst¢lth. Az d4d#4E 500
mL AFste] 70~80 CT= 71E3t &, sodium
alginate(Junsei chemical Co., LTD)E £3alAX]
th olE A ARor ARl & 7|E H
¢} E3Kt ¥, CaCl, (Duksan pure chemical
Co., LTD)E #7I5t] sodium alginate®} &
AZITE 30E, 60%, 1208, 180&vuitt A2E
AFsto] @iyt Hlwdtet ofmf HAHY AAFE
24 #4717l HAAR Hach(F)AHE]
DR900 E&o|t},

i)

d

2, SEHH 420 uE A"
HZE, sodium alginate, CaCl,5 Z}Z} &5}
< o Mg AL AARES FotEr] 9
o], FXE, sodium alginate, CaCl,E &3}
SAA, sodium alginate®} CaCl,& 283 34
A, TREWNS SHAZ F7FsHAS o] AAR
& Hluwstrt off Zo] AL A= 4
THEE UERYeH, sodium  alginate®t
CaClLe] Hl&L ZH] 1 : 1otk E§t sodium
alginatex= ©]%& Na-alg® 2 Z7|5}T},

Table 1. Component and ratios of flocculant

TXE | Na-alg CaCl,
SHAAA | 85 % 10 % 5%
<A B - 10 % 5%
SHAC | 85 % - -

3.3. BESAIZHO| W2 AH

urg AT e WA Wi AATLS u
WaRolth SAA BE Al T 308, 60,
olF A7 AR 8T AmE At
o3} ] wateirt.

Calcium Alginate®] Z=o]E &

T ol 87 T A EAa Al B I+ 3

3.4, STHA HI20 e
o] 24} sodium alginate®} Ca*0]&e 1 :

1
85129, sodium  alginate”} Holle A$
COD Hsote ol ZAE zH:F & 9lolAl
sodium alginateg AHU-S=E T 87t 9L

t}. wetA sodium alginate®t CaCl,®] Hl-E2S
BHl2 1:1,1:12 1: 152 H3A7|9 A
dste] O AE Hlwstrh

Table 2. Ratios of sodium alginate and CaCl,,

Na-alg CaCl,
S5 B-1 1 1
S3A B-2 1 1.2
SZHA B-3 1 1.5

3.5. SEM FYUS0 WE A
1AHA

A FAge) TE Y W29 AAR
& oh] ) $UAL FALS WA
Foheh. SAAE B 0.1, 05, 1, 2

%z Shgon, olff AT AL B-lo

=

L o

3.6. 258
AvpA el ofe) 4418 Apgste] Liehglet,

Remowval
Efficiency
_ Atthelaw — Atthetreated sample
- Atthelaw 100
4. ZAat { nF
41, ddzEn o nE
4.1.1 3FA &) e 23
Fig. 2= S8A A2l e A4 da A
M =E Hlaste] yepd Jefmolny, o
A ®7]15 A, B, C= Table 13} Zron, ol &
HAY FAg2 e 2 %ol I Ayt
SHA A Arelde A 2 AR B 7 A
7 ®&o] 50.7 %= Ao, FHA BE A
7Fotde 7% 1 AR A3 & A7 '&ol 56.7
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Fig. 2. Nitrate removal efficiency according to
the flocculant component.

4.1.2 ¥rg-A1Z 2 A}

Fig. 32 ¥hgAIZte] w2 Aibd dAo] AA
ALE vepd Jgjmolrt, SYA BO] FHF
H 2] 2 woltt. 1 A 60E Tl 7HY
AAGEo] Eom, o]F thA A HA9)
T US4 9tk ol calcium

alginate”t ¢HdstAl Adst Fefrt obd o]
E aEE2 Agsta glo] Agte] e et
swelling @74fo] dojual, 7hpidiEo] A4H
A4 o]29] AU} Bof Hoppe Zoz A}
sH} wEtA o] AFoA= o 1802714
S AIZHE AltstiTt
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Fig. 3. Nitrate removal efficiency according to
the reaction time.
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4.1.3 SAA vl&d 2 A7t

Fig. 4= S8A H&d 2 did Ha A
AREE Ul Jefjmolt}y, JjmofA B-12
1:1, B-2+= 1:1.2, B-3& 1:1.59] H]&Y |
g Aa AAES Hebd Aol o S3A
o] FAFL FAHS] 0.5 %ol 1 A S
A B-19 = ¥k§ 30 & ol 41.2 %, €3
A B-2¢ wf 9hg 1AZE Fofl 42.2 %, §H
B-3Yd o v 1A17F & 441 % AAMY "4V}
AA=A}. CaCle] H7bgol 75 Ast
A Aao] AAEE =olX|A, AAEL] Zol7t
njAleh, AAE] SHI A SHES 15t
9= i, sodium alginate®} CaCIQE’J H]go] 1 :
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Fig. 4. Nitrate removal efficiency according to
the flocculant B.
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Fig. 5. Nitrate removal efficiency according to
the injection rate of the flocculant.
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Fig. 5ol S3HAY FU&ol ©E 24y 4
& AAREE vetd Jfzoltt, FHAR
B-1& ARgstt 11 A3 23A9] F%o]
%Y W], 9% 602 T 56.7 = 7} AAS

o] Hofyter.

4.1.5 FE-SEM3} EDS 24& 53 JHE9
Tz
SIS Hyh 3] JHES FE-SEM 4%
DS #4& sto] 11 A9E H| et
Fig. 63} Table 394 &4, 44 UYER, &
&, Zrgo] EA5EeH, o] calcium alginate
[e]

g3l

o

A g ¥ JX=9 FE-SEM, EDS &4 Aut
oltt. ol Ha Lol TFHZ 1.88 BEE £
AstR e, ol Fofl AMd A4t calcium
alginate®} chelate Z¥st%]  calcium—nitro-
alginateE @2 &I 4 AU

100 200 300 400 500 600 700 800 9.00  10.00
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Fig. 6. EDS analysis result of calcium alginate.

Table 3. EDS analysis result of calcium

alginate
Element Wt % At %
CK 44,94 54.08
OK 47.59 42.99
NaK 0.81 0.51
CIK 0.46 0.19
CaK 6.21 2.24
Matrix Correction ZAF

S50l AR Az ARGl BE AT 5
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Fig. 7. EDS analysis result of calcium alginate
after flocculant.

Table 4. EDS analysis result of calcium
alginate after flocculant

Element Wt % At %
CK 38.36 49.02
NK 1.88 2.06
OK 44.04 42.25
NaK 0.80 0.53
Sik 1.86 1.02
CIK 1.48 0.64
KK 4.40 1.73
CaK 7.18 2.75

Matrix Correction ZAF

5,3 E

Sodium alginateS ©]-&3%F A4 A4 AAE
o5t 2 AloA HFRE ©@Eoz d9ls ue}
TFZES} sodium alginate, CaCl,S &7 H7}st
¥& "EC}H sodium alginate®t CaClLir& 7}
SRS of AYelE A} FAst Aid A
A5 Hoh andoz AATS g5 stk o
o sodium alginate®} CaCl,®] &=H]& 1:10]H,
THSAIZEE 60&, SHAY Y& FAHSY
2 % wf Aibg HA9 AAEe] 56.7 %= Y
ehat.

- 799 -



-
i)
2
re
-
s
R
s
|o
il
4
o2,
i,
re

References

M. Mohsenipour, S. Shahid and K.
Ebrahimi, Removal Techniques of Nitrate
from Water, Asian Journal of Chemistry,
26(23), 7881-7886, (2014).

2. K. C. Cho, M. H. Lee, J. H. Park and ]J.
T. Jung, A Study on Removal of
Dissolved Organic Matter and Phosphorus
in Eutrophic Lake by Coagulation Process
Using Powdered Activated Carbon, Korean
Wetlands Society, 14(4), 629-635, (2012).

. C. M. Oh and T. S. Hwang, Synthesis and
Functionalized Conditions of Quaternized

Poly(vinylimidazole—co—trifluoroethyl

methacrylate—co—divinylbenzene) Anion

Exchange ~ Membrane,  Polymer(Korea),
39(D), 157-164, (2015).
4. G. T. Jeong, S. H. Park, J. H. Park, S. H.
Bhang, E. T. Lim and D. H. Park, Study

of Factors Influenced on denitrification in

wastewater treatment, Korean yA
Biotechnol.  Bioeng., 23(6), 535-540,
(2008).

. J. K. Cho, Characteristics of Nitrogen and
Phosphorus Removal by Olivine, Journal
of Korean Society of Urban Environment,
10(3), 247-252, (2010).

. B. Ji, H. Wang ,and K. Yang, Nitrate and
COD removal in an upflow biofilter under
an  aerobic  atmosphere,  Bioresource
Technology, 158, 156-160, (2014).

. S. S. Choi, J. H. Choi, M. J. Kim, Y. S.
Lee, J. H. Ha and H. ]J. Cha,
Enhancement of Nitrate Removal Ability
in Aqueous Phase Using Ulmus davidiana
Bark for Preventing Eutrophication, Appl.
Chem. Eng., 26(5), 604-608, (2015).

. S. M. Lee and W. H. Yoon, Characteristics
of Nitrate Nitrogen and Phosphate

10.

11.

12.

13.

14.

15.

16.

- 800 -

R LR

Removals by Alumina Cement, Jjournal of
Korean Society of Urban Environment,
12(1), 35-42, (2012).

A. Sowmya and S. Meenakshi, Effective
removal of nitrate and phosphate anions
from aqueous solutions using functionalised
chitosan beads, Desalination and Water
Treatment, 52, 2583-2593, (2014).

E. T. Lim, G. T. Jeong, S. H. Bang, Y. U.
Kim, J. H. Park, S. H. Park and D. H.
Park, Practical Demonstration of YPNR
Process to Elimination the Total Nitrogen
Ingredient in Sewage, KSBB Journal, 24,
291-295, (2009).

K. D. Seung, W. R. Ryu, I. H. Kim and
M. H. Cho, Removal of Ammonia
Nitrogen and Organics from Piggery
Wastewater using BACC Process -—1I.
Effect of COD/N on Removal of Nitrogen
and Organics, Korean .  Biotechnol.
Bioeng., 16(2), 140-145, (2001).

Y. H. Seon, A Study on Removal of
Organics, Nitrogen
Domestic ~ Wastewater  in
Upflow Packed Bed Column
Korean ] Biotechnol  Bioeng.,
191-196, (2007).

J. H. Sim, S. H. Kang and H. ]. Seo,
Study on the Improvement of Nitrate
Removal Dfficiency in Multi-Step Electro
—chemical Process, J of KSEE, 30(2),
155-160, (2008).

J. K. Lee, D. Y. Kim and Y. S. Tak,
Transformation of Nitrogen in the Form

and Phosphorus of
Pilot—Scale
Reactor,

22(4),

of Nitrate into Ammonia by
Flectrochemical Reaction, Korean Chem.
Eng. Res., 46(5), 10131016, (2008).

Y. G. Kim and L. H. Cho, A Study on
the Removal of Nitrogen and Phosphorus

of Municipal Wastewater with Biological

Coated Media, Korean Journal of
Environmental — Health, 32(1), 27-35,
(2006).

E. Y. Jo, S. M. Park, I. S. Yeo, J. S.
Moon, J. Y. Park, J. C. Kim, Y. S. Kim
and C. H. Park, Study on the Removal



Vol. 33, No. 4 (2016)

Efficiency of Nitrogen and Phosphorus in
Treatment  System  Using
of  Fluid

Wastewater
Magnetite  Powder, Journal
Machinery, 18(2), 43-47, (2015).

17. F. Sun, B. Sun, J. Hu, Y. He and W. Wu,

18.

Organics and nitrogen removal from textile
auxiliaries wastewater with A’0O-MBR in
a pilot—scale, Journal of Hazardous
Materials, 286, 416-424, (2015).

Y. S. Sun, A. L. Li, H. H. Ren, X. P.
Zhang and C. Wang, Removal of residual
nitrate ion from bioactive calcium silicate
through soaking, Chinese Chemical Letters,
27, 579-582, (2016).

Calcium Alginate®] Z=o]E &

H

19.

20.

- 801 -

e ol

S

3o Aid Aa AA Bwe A+ 7

C. G. Kim, Removal of Ammonium and
Nitrate Nitrogens from Wastewater using
Zeolite, Korea Organic Resource Recycling
Association, 24(1), 59-63, (2016).

M. H. Jang, H. J. Kim, Y. D. Kim, C. H.
Park, M. H. Lee, S. W. Fom and M. Y.
Kim, Comparison and Evaluation of
Manual and Automated Methods for
Measurement of Total Nitrogen and Total
Phosphorus in  Aquatic  Environmental
Samples, Report of S.ILH.E, 45, 161-170,
(2009).





