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AFalE S4A19) Ze)9 3120 E (polyaluminumchloride, PAC)#} 71 ATHNaOH)E ©]-§-5to] =3kl Hs:
dsta, 7Md At NaOH) F7FE wigle] e FE 54S uasiglet o] v F4% ksldFoge] 54
XRD, SEM, PSAZ #415}3It}. XRD 4] 23}, NaOH 15go-+= v 2 4218052, NaOH 20gol4= A}
O] E (gibbsite)(37%), HF0]o1210] E (bayerite)(35%), K.3I7}0] E (boehmite)(28%)2] Z&H(mixed phase)O 2 LFERFO ™,
NaOH 25go 4= AR E(gibbsite)(67%), HF]o 1] E (bayerite)(33%)%., NaOH 30goll4= AL E(gibbsite) (83%),
Hlo]oj2}o] E (bayerite)(17%)% LFEFTE. SEM 4] A3}, NaOH 25, 30golr 3 Fej= B4 =9]t), pSA £4 2
I}, pakaldRu)Ee] QIAF A7) NaOH d7ie] 71k kst

Abstract — The water-sewage cohesion agent(polyaluminumchloride(PAC)) and NaOH were used to synthesize
Al(OH);. For various additions of NaOH, characteristics of the synthesized AI(OH); was analysed by XRD, SEM and
PSA. According to XRD analysis, small amount of NaOH(NaOH:PAC=15g:100g) resulted in amorphous form of AI(OH);.
By increasing NaOH(NaOH:PAC=20g:100g), the mixture of gibbsite(37%), bayerite(35%) and boehmite(28%) were
produced. By adding more NaOH(NaOH:PAC=25g:100g), binary mixtures of gibbsite(67%) and bayerite(33%) were
formed. Finally, high addition of NaOH(NaOH:PAC=30g:100g) gave the high concentration of gibbsite(gibbsite:bayer-
ite=83:17). Also, SEM analysis indicated that the product featured the plate form with 20 and 30g of NaOH addition.
Furthermore it was found that the particle size of the product decreased with the addition of NaOH.
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2-1. $ABIUZ0|E0| EHY
kol hiHEe) 7| Sl el Ael Qs

OH-71¢] H-&2A] Shultz-Hardy §]& el 2|4 o}elje] 4] ()2} &

o] A o] = thH29].

%17) % (Basicity)={[OH]/[AI]*3} ¥ 100(%) (1

FulE 3RRkEe] FHjel W 9715 ARIAIE Table 191 YEt
UioAch AR E2] A 8FF1]55 (PAC, [AL(OH),Clg, ], 5 1<n<5,
m<10y 715 45%% Table 13} 231, S50 FS 89+ 7)1
B2} SHAEL] 79, FgolM 715 BallElo] AP species®
Wrrojzich, 2 Aol A= AR PACE HIFAEIE)S] 971%
45%21 Zlo]w, 7122 Table 201 YFER} Qlth NaOH:= F3ll31eh)

Table 1. Basicity of aluminum species
Species Shultz-Hardy OH/Al Basicity(%) Charge per atom

AP* 1 0 0 +3
[AL(OH),]* 1/2.8 1 33 +2
[Al;(OH),** 1/7.1 13 44 +1.67

[Al;;0,(0H),,""  1/12.4 2.15 82 +0.54
Al(OH), - 3 100 0

sl5kgst Ml48H M2E 201041 43
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Table 2. Specifications of polyaluminumchloride

Characteristic Specifications KSM 1510-1998

Appearance Yellow liquid Yellow liquid
pH 3.8~5.0 3.5~5.0
Density(20 °C) 1.22 above 1.19 above
ALO5(Wt%) 10~11 wt% 10.0~11.0
Basicity(%) 45~46 45~46
Sulfate ion(%) 3.5 below 3.5 below
Ammonia nitrogen(%) 0.004 below 0.01 below
Fe(%) 0.005 below 0.01 below
As(ppm) 0.5 below 1.0 below
Mn(ppm) 1 below 15.0 below
Cd(ppm) 0.2 below 1.0 below
Pb(ppm) 1 below 5.0 below
Hg(ppm) 0.02 below 0.1 below
Cr(ppm) 1 below 5.0 below

o] 1= 98%31 Z1S o]43klth.

A Ate] 7150] E= AlOH), AEE AlekEAIRa e E)
AI(OH); 100%, sample a)3! Z& AR-3F3ATE. ©]oJA] PAC 100g°]
15g/L 552 NaOH €& 10ml/min £ 3, 1417} 5t ik &
of2} 9 A 3315 HAIEI] sample bE AT} Sample ci= PAC
100g°]l 20g/L 552 NaOH €-4-& 10ml/min £ 5, 17X &<t
WHE S o7} gl A1 33]E AAJete] B2 Zlo|th, sample di= PAC
100g°ll 25g/L “5=2] NaOH -&-4-5 10 ml/min 7 $- 1A} 5<%
RS o3} gl A1 335 AAsto] ATt Sample e PAC 100g
ol 30g/L 552 NaOH €5 10ml/min 5% 3 1A]7F 5t it
T o 2 A7) 33]5 AAISIATE Z7+2] sample®] 71z 100 °C
oA 12A13F AAIERdT

2-2. EMEN

FE FarstetFrl el tiske], X-Ray 3424 7](X-Ray
Diffraction System(model: D/MAX2500V/PC, Rigaku, Japan), Max
power : 18 kW, Voltage : 60 kV, Current : 300 mA, Cw/K-alpha)E ©]
g3lo] 27 Fel % FFRAL A5

W3t FE-SEM(Field Emission Scanning Electron Microscope,
model: $-4300, HITACHI, Japan))& ©|-4-31o] §d% atajetan]
ol vl W s RSk,

o2 PSAYST47])(Particle Size Analyzer, model: LS 13320,
BeckmanCoulter, U.S.A)S 0|25l =ikl Fo] ]/l% 715
A3,

AR AR N)E 0] OH 152 FRIR(A £ E324 7))
(Fourier Transform Infrared Spectrometer, model : Vertex 70, Bruker

Optics, Germany) ©]-83}0] #4831t
3. 43t ¥ nE

3-1. XRD M &AM

T AT Ee] AR 9 A S fI8te] XA 3
A 127)7FAREEIIT Fig. 12 sample a(raw material-Al(OH),, 100%)
2] XRD data2A], TAFEFA]E] A7 g A1) E(gibbsite)
2% 21T}, Sample b2 73-9-= Fig. 201 VFER0] 1744 (amorphous)
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Fig. 1. XRD analysis of sample a(raw material - AI(OH);).
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Fig. 2. XRD analysis of sample b(PAC 100g + NaOH 15g).
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Fig. 3. XRD data and quantitative analyses of sample ¢(PAC 100g +
NaOH 20g).

TFAETF RO R ST =, 21 Fe] NaOH 37Fgel €]
& Axo] BAFA 9= Aoz EAE Q)T wlebA Fig. 83} Table
3] FT-IR 9]=1=0lA 3 5= Q1520 okh] shiftdl gk HolARt
AbstelrEe] IR 935S YERHIL Qlok Fig. 3 sample ¢
XRDS} 20t} Fig. 3914 sample ¢ A2 30

r sample d
16000 |- G Phase ID Source
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14000 L [ Bayerite PDF#01-077-0114
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Fig. 4. XRD data and quantitative analyses of sample d(PAC 100g
+ NaOH 25g).

2, AR A3, vlo|o]g}o] E (bayerite) 24 35%, FAIOIE
(gibbsite) A7 37%, Hal|m}o] E (boehmite) 274 28%% #-4]4]
STk XRE(Wt%) A¥= Al=382%, O=60.4%, H=14%% #4]
=t} Sample ¢ E§42] A= PAC(100g) + NaOH 20g2] HF
ool 3skEe] %ol 17skE AR G4A dES 9
wlSte}, $BH Fig. 40l 2ol % A2} o] sample d9] A2
ZIA1o1 E (gibbsite) A4 67%, HI0|o12}0) E (bayerite) A4 33%
2, XREWt%)7F Al =35.01%, O =62.3%, H=2.6%% %%t}
Sample ¢i= sample ¢} TFEA] BaWlo] E (boehmite) 2787d0] =AY
3HA] = A= P o] sample d2] NaOH 25g 37}l
oA A=) 358HEQ] FIALO] E(gibbsite), HEolojElo] E
(bayerite) Ao 2 Aol HASE u]sitt. o] ¢} FAFSHI
sample e*lX = 2> XRD 8-S BT} B8t sample €] #4147
(Fig. 5) 7ML E(gibbsite) 2787 83%, Hlo]o12}0| E (bayerite) 274
17%% VEPEO 1 XRE(Wt%)= Al =34.8%, O =62.0%, H=32%%
TSI Sample ei= d9F A7 LA FAEH AT, HwF
ZoZ AP E (gibbsite) A/d0] ¥ Wo| EAlsH: ZoZ 74
=3I} 0171 NaOH 371 S71tel| whehx] 27do] K qF
2191 ZJALo] E(gibbsite) A0 % FH = Zle o]t

20000 sample e
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Fig. 5. XRD data and quantitative analyses of sample e(PAC 100g +
NaOH 30g).
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3-2. SEM M 2M

A 42E] sample=2] FENE Lohi7] $18iA] FE-SEM £4] &
H]E ARESIITE 7 sample a, b, ¢, d, e2] SEM ©]7]#|&-& Fig, 601
HERNSITE 91714 sample ai= AloFg ARSI 1] 0] 1L, sample
b P E TAEETFE O R Fig. 29] XRD w4 A3 w4
AbglkFulEolth Sample o5 B3 TASIEFHRECE sample
bo} FAISE HENE Holar Q). Sample ¢ XRD A A3H= 3
2J21 ZIAO] E (gibbsite), BIO|O12F] E (bayerite), 1 317 }0] E (boechmite)
2 T3 UARE, SEM ofn|#] A A 588 el e A o
et S ARSI E sample d 2 e Bl 7R HElR
veldth. 1230 SEM #4] F sample d2} e= SEM2] #x} §] 9]
ARE Fr3lo] SEM o]n|A] Aol E3HAl Uttt o] ddo]
ZIAFO| E (gibbsite)2} Hlo]o]2}o] E (bayerite)2] 231 dollA UER =
A N E YeR=A= 2 AP TeM= gR1E 4= qiglt)
12] 32 sample b, colA= sample d, e9} 222 SEMS] A} H1o] A
A2 FreAlE it B A3 A7e] SEM B4 EMddRE
3t A%3e o R vt

3-3. PSA §M M

U&= ZA71(PSAYE FallM 3% Z17H] sample=2] Q1 2=
sfelstaral afgle. WAl R olleheS ARS-SFITE. 1 A7Fig.
7ell ©]8HH sample a2l dg, #t 53.51um, sample b2 dy, #h>

slakmst ml48A F|2S 20104 48

Sample ¢

Fig. 6. SEM images of synthesized aluminum hydroxide - sample a(alu-
minum hydroxide - raw material), sample b(PAC(100g) + NaOH
(15g), sample c¢(PAC(100g) + NaOH(20g), sample d(PAC(100g) +
NaOH(25g), sample e(PAC(100g) + NaOH(30g)).

8.460um, sample c¢2] ds, #k< 10.830pm, sample d®] ds, Ah=
4.608um, sample e2] ds, A 3.194% LFERSITE =, SEM o]0
AR E Bol X ksl At A719) T AxE
A& = AL} ©]i= PACe] NaOH 71o] Z715te] we, 99+
WslebulEe] A4 A Al IR A7) FobAl= AEO R, o]
332 NaOH g/PAC go] AN 7} S7Fe5 PACE] -AH2
([Al(OH),Cl¢,1,)8] CI” ©]2T} NaOHS| OH~ ©]&0] o] %]k 1k
5ol ZF ¥|o] NaOH F71e] 71 e Wele Aasialtt

>
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3-4. FT-IR 4 £M

FAE ksl FrlEe] OH 27| 158 48] S1EiA FT-
IR M| E ©]83F3{tt. Fig. 8 2422 sampleE2] FT-IR 4] 1)
3LO]31 Table 32 sample a, b, c, d, e2} FAI] E(gibbsite)[5-7] X
Ha]ulo] E (boehmite)[7]€] G+2k8l7 9] 4914 &5 #kelTt. Sample
a= Alokg FARBIAENE O 2 Table 39 FIAL0) E (gibbsite)[5]9}
AL E(gibbsite) [7]2] sphere?} plate®] shifte! 3k HQITh 1&]
1} FTIR 33 AdellA] veRd 313} 20] Fig. 62] SEM ©]u]=] /o]
sl EAERA = 2Tt Sample b Fig, 22] XRD #4243}
1792 FAksldEnE o 2 dgEglon) FTIIR 4 33 3l
Table 3014 9}71e] shiftel ghS Wolal QAW ksl Fn]Eel
2 Rl1ek &= Q). Sample ¢i= Fig, 32] XRD date 2 g3 2
3}, A1 ZIALo] E(gibbsite)(37%), HEo]o]2Ho] E (bayerite)(35%),
13]1}o] E (boehmite)(28%)E Table 32] JAFo) E (gibbsite)[5-7]2F
Kol E (boehmite)[7]9] AF19] 3k Hola QIXIRE, 34
o IR I gro® giaA a3 5 §lSich. Sample o] EF
23} T2, Park} Jin[4]9] Qols EFmEe] AR o] 41
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Fig. 7. PSA analysis of synthesized aluminum hydroxide - sample a(aluminum hydroxide - raw material), sample b(PAC(100g) + NaOH (15g),
sample ¢(PAC(100g) + NaOH(20g), sample d(PAC(100g) + NaOH(25g), sample e(PAC(100g) + NaOH(30g)).

&3l SAAIR] FAHEE(AL(SO,);)2 NaOHS] 8 A Al 1. £ o AT} Sample d, e= Fig. 4, 52 XRD date?} &
&|m}o] E (boehmite)2] A7g7do] ThEA] vepsttt. ol 4 2319 Ao Ao E(gibbsite)e} vlo]ol2to| E (bayerite)?] £33-S o
afolg & ATelr= FE L s L A, A 1Ak E oFsk 4= Q)Igit}h. W3 Fig. 89} Table 39] FT-IRQ] SAksletn|y
of Rk aellA] PACSF NaOHE /3371 ol &5 o] EAlsH T 9A ghow S4% A0 E(gibbsite)= Table 39] a1
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Table 3. Infrared absorption of hydroxyl, stretching and bending modes(cm™) for gibbsite, boehmite and sample a, b, ¢, d, e

Compound v (OH) 4 (OH) v (OH)
3467,
sample a 3622 3543 3434 3392 1054 826
3467,
sample b 3544 3436, 3349 1075 725
3400
sample ¢ 3656 3548 3467 1076 765
3467, 1057
sample d 3656 3548 3435, 3368 ’ 986 788
1038
3400
3467
3583 > 3391 1057
sample e S 3435, y ’ 969 869
3544 3400 3368 1015
N 958,
reference [5] 3621 3520 3428 3380 1020 914 802 743
o 3513, 3352,
Gibbsite sphere 3621 3501 3422 3344
reference [7] 3497
plate 3618 3510 3458
Boehmite[5] 3430 3297 3090 1160 1080 755

Transmittance(%)

1 1
500 1000 1500 2000 2500 3000 3500 4000

Wavenumber/cm™

Fig. 8. FT-IR analysis of sample a(aluminum hydroxide), sample b
(PAC(100g) + NaOH(15g)), sample ¢(PAC(100g) + NaOH
(20g)), sample d((PAC(100g) + NaOH(25g)), sample e((PAC +
100g) + NaOH(30g)).

23 FIALO]E (gibbsite)[5-7)9F FAFE ghS LrERISIT.

.48 =

UtA © 7 FAbslekFn]E2] AlZi= bayer processell IS4 Al
ZEict. ool v gk sk, st Al whHo R Q% FaF &
1, 37 s PSSRl EE AZsb] 91814 PACE o] &3t
NaOH 37} Wh&-0 & s ful g5 Alzsivt.

PACOl NaOH F7}go] 71 alsiabfulge] A4S
7121, NaOH 15g w) 8] GAkslbF1]31, NaOH 20g
o v E3e(mixed-phase)?! TIA10] E (gibbsite) 37%, Hlolofelo] E
(bayerite) 35%, }.37}0] E (boehmite) 28%%, NaOH 25 W= 3]
AL E (gibbsite) 67%, Blo]o]2}o] E (bayerite) 33%=, NaOH 30gd

sl5kgst Ml48H M2E 201041 43

= AR E(gibbsite) 83%, Hlo]o 210 E (bayerite) 17%52 33 =
Atk Q1% = NaOH H7Hgo| S715 atsldful o] ¢
5 7 Aol A3 Btk SEM o]u]=] 4] A7, NaOH
25, 30g°lA] plate FENQ] ARSI H]E ERISE 4= QIS FT-
IR &4 A7}, NaOH 15g4d = u]4d FAksldFn5 o2 IR 7
ALE 1T SU%UaL, NaOH 20gd = 3741 Ao E
(gibbsite), HFo]o]2}o] E (bayerite), H.5]7}0] E (boehmite)E XRD &
243} 2Rl FJIANE, IR 3= gholl A sl FHEER = 29h
I2)3 NaOH 25, 30goll4= XRD #2147} 7]ALo] E(gibbsite)2}
Ho|oj2}o] E (bayerite)=A] IR )7 grol] o)3) AlslekFu] o]
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