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Abstract — The removals of nitrate and other undesirable anions by adding alumina cement and lime from highly polluted
water with various anions were studied in a batch reactor. By adding alumina cement and lime to the anion polluted water, var-
ious anions including nitrate, sulphate, phosphate, and chioride were precipitated, formed to hydrates of anion aluminate com-
plex. The precipitation conditions of anion removal in batch reactor was optimized. To determine the influence of specific
anions in nitrate precipitation, a series of tests were performed with nitrate and various specific anions. As the result, the
removal rate and yiefd of nitrate were found to be affected by the existence of other specific anion. After the precipitation reac-
tion, the characteristics of hydrated alumina cement mcluding specific anions were investigated by scanning electron micro-
scopy, thermogravimetric analysis, and X-ray diffractometry. Post-treatments including sodium carbonate addition and newtral-
1zation with sulfuric acid alleviated the levels of aluminium and calcium ion concentrations dissolved in treated water.
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Table 1. Effect of calcium oxide concentrations on nitrate remova

CaOcontent  AINO; Ca/NO, Ca/Al . Yield
0032 M 12.84 10.65 0.829 35.30%
0.075M 12.84 13.34 1.039 61.15%
0.15M 12.84 18.03 1.404 88.42%
03M 12.84 19.62 1.528 82.5%

Al as Al Cement: 21 g/L. +Ca as CaQ
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Table 2. Effect of alumina cement concentrations on nitrate removal

Alumina cement

AINO, Ca/NO, Ca/Al Yield
couternt :

524 ¢/l 321 6.94 2.162 59.25%
10.48 g/l 6.42 10.64 1.657 63.36%
20.96 g/L. 12.84 18.03 1.404 83.42%
41.92 g/L 25.69 26.69 1.039 70.25%

62.88 g/L 3B8.53 3534 0917 5545%
Alas Al Cement +Ca as CaO: 0.15 M )
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Fig. 1. The Effect of dilution ratio of reference composition on nitrate
removal{reference composition, R: CaO (.15 M, alumina cement

20.96 g/L).

Table 3. Physical properties of calciam aluminate hydrates{7]

Compound Crystal form Chmmtis:;i; (r‘;yJ povwder
a-C,AH,, Hex. plates 10.7, 5.35, 4.24, 3.93
C,AH Hex. plates 74,39,37,2.87
o-C,AH, Hex. plates 10.7, 5.36,4.10, 3.96
C,AH; Hex. plates 8.7,4.34,3.18,2.87
C,AH, Cubic forms 5.13,4.45,3.36,3.14
CAH, |, IM-defined 7.16,372,3.56
CyAsH, Orthohembic plates 361,327,228
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Fig. 2. XRD patterns of the precipitation after nitrate removal reaction
(Ca0 0.675 M, alumina cement 10.48 g/1.).
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Fig. 3. TGA patterns of the precipitation after nitrate removal reaction
(Ca0 0.075 M, alumina cement 10.48 g/L; Blank: no addition of
nitrate),
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Fig. 4. SEM of fracture snrface of the precipitation(CaQ 0.075 M, alu-
mina cement 10.48 g/L), A: hydrated alumina cement without
nitrate, B: hydrated alumina cement with nitrate.

HAwE T A2 g 40y ooy dgoled FHA
£ 3 EET 470 2 Lgelas 2zt 86.52mgﬂ3+ 133 mg
Al ZeigciEsle), o) AAE 8 Tgoles A4 A

olgate Bldgon AWAA AA&ger dfowe A
‘z‘ﬂﬂEﬁ—J ALFE Foee AN it dFRrEeE AR A
At o A HEge] AU E YA £ 93 99%2]
eizgon Ad=le] B e dol dE D450l22 [0mgl ©)3 }
Her, GiE o]ask] pH =AE 62004 7.52 %P A E G
HlEe] 22 0.04 mg/lel A 235 my/LE WeoldEth pHE 7e14 =3
& SErhgels 8 139 02 me/lelske AAS} FFEEe
& 7 2UvhEFig. 5). UG ARIES} YA BE T ALET AL
Th "@4o] 1,070mg/L°ﬂA% 272 mg/LE 158k AAEgom o
714 @Hzlc = g Base g3l
pH AL 8 TrZ]/\lf“‘ff FHT WY 249 =85 233 43 A
715121?1 el ddge] SR U2 Ag2ge o+ dgek
oA tH%‘TC' AAEL pH 11 o)) 2A epo} Al
Eo| Flalge] ozl A W= 58 &3] o)Re)qm t}
Al &8j=] 9 % Z24& S401 7Plel fH4A F A3 AR B0
o] Fo] 32 Fe U A
la=Ee E@ﬂ ’“EM AAEGE] B AE vEE AR A
T BAFE AREe] sFeEe @lFdn

01}-
T W

= i

50 6
45
® A
o ca* 15
40 |
35 0
44
~ Ak o —_
3 o E
£ E
g 1 o) 13 8
o &
&, o
< 20 Q
42
A5
.
A0 F
41
.
05 .
0.00 1 1 1 i 0
5.5 6.0 8.5 7.8 7.5 8.0
pH

Fig. 5. The effects of pH on the concentrations of aluminium and eal-
cium jons in the treated water during post-treatments,
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Fig. 6. The courses of various anion concentrations(alumina cement
10.48 p/L, Ca( 0.075 M, initial anion concentration: 1,000 mg/L).
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Fig. 7. The courses of various anion concentration when nitrate, sul-
phate, phosphate, and chloride were added together in batch re-
actor(alumina cement 10.48 #/L, CaO 0.075 M, initial anion con-
centration: 1,000 mg/T.).
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