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Abstract — Zeolite 4A was prepared by new synthesis method, 2-step crystallization, for enhancement of oil absorp-
tion capacity. Vietnamese sand and NaAlO, solution from natural bauxite were used as raw materials in stead of con-
ventional cullet and Al(OH); to reduced the processing cost. Some dissolved organics in NaAlO, solution were
removed by activated carbon. Synthetic method was progressed by 1) reacting the raw materials at 55 °C, 4 hr with
the ratio of Si/Al to 1.15, and 2) reacting at 65 °C, 5 hr with reducing the ratio of Si/Al to 0.98. New method can eas-
ily control the particle size, aggregation, surface polarity, and enhanced the whiteness of the products. The prepared
zeolite 4A shows excellent oil absorption capacity(O.A.C>50 ml/100 g) as well as equal value with calcium ion
exchange capacity, and proves the 2-step crystallization is the economic and effective process for the preparation of
zeolite 4A.
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2-1. 8=

B A A 71E AEHESHE A e destdos
cullet(SiO,, Rhodia Silica, Korea], &F1]55¢ 02 FAksldFn]E
(AI(OH),, Nikkeikin) 2 27-2] 910 %2 NaOHE AME3I%aL, 21
T FAYHES2)S HeAE A7t o ®E B (Vietnam, SiO,
99.1%), LFH|FY 02 B IAL] E(Australia, ALO; 50.5%)5 1
23 4Ze] 8910 2= NaOHel £alA171 45714 rHNaAlO,)
NG AR B3 dEAbaTE golo] §715-S AASH)
ko] AiA BRI EHET, MP-5020) ARESISIT

2-2. HIS2I0|E 4A2| H|I=

2:2-1. 982 Ax % A

A1 A3 (S2)2] A= THEN(SS)S 1157 ] (autoclave, sus
304, max. temp. 250 °C, max. press. 25 kgflem?, 3°] 2.45 m, W&
2 3.88 mY)eA HIEA BElE SASPER g0l gallA1A A
Z3F3iT}. olu| o] WhS-2AL 203 °C, 4417F, 58 rpme|t}. KRS0
29 5 1087 FAAA mREeE BEE JAAIR $ Aot
787 (receiver tank)% 01535l oJIE AASl] E7-2](SS)E
aArt.

At FPIH(S2)9] EFrIv §H(SA) AlFE SFAF HAAR)
EZ Ax7]o)A 7AF38E & Vibration ball-mille 083} w2 2
F3(F800 mm)3te] 150 mesh ©13F] 3¢S A}, o] BAA}
O|E LS FAPIE 22.7%, TAERER 4 172%S =3
28F §E3hs FAoR, A 2% 200°C, -2 20 kgflem? A
AL SUS 304, W4 200 L2 design® 11HES7] (auto-clave)E
AR AL, HES &5 100 °ColA 3 A W B 150 °CollA
T AREREGAIA TSI o] ¥Eg9EEe 5.0 kgflem®] T}, HE
S5 5 uMlE (flash discharge)dle] €9 F52 11% 52
SFsES S19th 8939} Red mudE H2lab7] &) 11e, a1k
Z)stollA et S-S Zhe SolA Al 1718 Al(Nalco
Chemical)E T35t §5 9 FAAA s EElsisitt. o]
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AR z710] oF & S e BB G} 3Eso]
AR 97T dEdolnt. mEkA] o) & Rl f3 s
o) BE AA 9 I F AlFzo] wlg- Fast. ojv] & &
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Fig. 1. Schematic diagrams of (a) Current(S1) and (b) New(S2) synthesis method.

w, HHo AA &S 7] A8l =, AR, SR, Sw
A 55 WY S0 f71E Wl A4S AR
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T 4 71E 5790 "ol AMEl= S8 #4)(SHIMADZU UV-
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T EekA RRS V1] A E FEsto] Eo] TR sk U
FE W3S H4skekal Ask(gelation)S AAEH] Mol ZEhaA
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At AR (S2) SL 37 EEkaTe] ZdAME Falsle]
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AIRE ERF 12F AR SREE-S ATk 18]3 SA S 2AkE Y
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2-3. HISEI0|E 4A2| M5EHTL

2-3-1. 7% 54

APl E 4A2] FEEHE AR 3 g2 FE] 105°CE £X
H 1271914 2 hr %3 & dlA]AloTE] (desiceator)ol|A] 305 5
o 7y & A% M50 FARolE Allsle] Skl

2-3-2, AT AN A

AA ] AEE AR ARSI E 4AF ATt £33 94 F
of] shjolw o] AT A (Minoltah}) CR-4005 AME-810] &
Aslelet. &, Mo F23 31 LAY bEAIE L] M%)
O] F& =g3ro v AlFe] WAH TS =959t

2-3-3. Y%, 4 9 A% 24

AzE ALl EL Qs AR (LA-950, Horiba)S A}
g3t on Wbl B8, 282 159965 485k, 2595
5% 59k A1 F SIS AT E iAke] A7) B HAS
X517 $18) A AR (scanning electron microscopy SEM:
JEOL, JSM-840A)S AlE-3}31 o, XA 324 7] (Rigaku Co,
D/MAX-2200V)E AR&ato] AlgeolEL] A4 2E ARSI
o] uj, XX 3]H9E Cuk, 9} NifilterS AME5Io 13T}

2-3-4. 250 W3HE(CEC) £

A Lol E 4Ax Boll 50 Q= Ca?olvt Mg o] &5 Al&e}
O]E9] Na' o]0 wilsh= EQR, Ca’* o] w8522l CEC
(Calcium Ion Exchange Capacity)® WEFHATE. o] A3olA CEC=
ZAZ710014 105 °CE 2A17F 7AF3to] -8 3] AAE 0.5 9]
AFEE 500 ppme] CaCO;-&9 500 mlell YL 5% 5k kst &
GF/C(Whatman) ©1A| 2 oj¥}s}o] ofdl Z 25 mlE FH3kaL of7]
Ao}l &gl 2 miE 713t & EB.T X|A|K(eriochrome black
T, CyoH,0,N;SNa)yS €1l 0.01 M-EDTA £ 02 F2-Mejlx] 4
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Ao) = wj7kx] #Aet F ok Aol 2Jslo] Zrol wdeS 7l
2keelct.
C.E.C(mg CaCOy/g) = (12,5 —:; x25 0

t: EDTA 2H]%(ml)

w: AlEF(g)

f: A3t EDTA £919] factor

2-3-5. F5(0AC) 4]

T A2 KS M IS0 787-52] WA [14]el &Jsll AA =3It
Hat ol AlRE Fa, HAE ARESN] olulQl-f(linseed oil)
el 4 B s W3] kst 7158 7he wimich Al
Mol Al=th. TUS 2 755 A% Vst

o} 7153 =4o] golel7t =5 gtk gofe)rt |A4dEd ol
FEE o el @ V15 7RE § A1 0% nisEnt Rt
=

o] TAF Z o]AA wp7kA] 71E& HUhEt) o] Wisol =
(cracking)©] 7FAY F-22#1 %] (crumbling)®] §lo] Ft 9ol ni= &
AA] 31 2t o)l wiyhA] KEekar, ojd7kA] ARgE 7159 ke
FHlelld gleth Fhiee the 2l& o83l ARlsigitt.
0.A.C(ml 0il/100 g) = V/mx100 ?)

V: Aglell ARG 7152 9] (ml)
m: AEAIRE] A ()

3. 21 ¥ 0F

3-1. Y=3U9| |II=E MA
B ATollA = Alat I (S2)0 2 HAFER WERAE e
HEaEE el g (SS) RAXOIES gt galdt U
o} SN SAYS 952 ARSIt TS Table 13} Table 290
rb Rl gl S B EO] QAR (XRF) Avolt,
Table 1014 & = 9lzo] WIERAL 2] Si0, 3Ha0] 99.11%%
Aurlopite] nlal] oRE 958t RS o = Qlvk EFAF HAAL
O|Ex ALO; Eo] Hu 58%=E 1 2| 171E% Si0,, Fe,057}
e ZohEo] 9le-S Table 2014 4= Qi

Table 3> /ol AHEE LFRILATHNaAIO,) €915 A7
Bk ekEhar, MP-5020)S Agate] GAIS Zlow et =

Table 1. Composition analysis of Indonesia and Vietnam sands

unit: wt.%
Indonesia Vietnam

ALO, 032 0.19
Sio, 98.84 99.11
P,05 0.01 0.01
K,O0 0.01 0.01
CaO 0.03 0.02
TiO, 0.04 0.05
Cr,0; 0.002 -
MnO - -
Fe,0, 0.07 0.03
MgO 0.09 0.04
Na,0 0.05 0.11
L.O1 0.54 0.41
Total 100 100

Fe R P A 491

pad

Table 2. Composition of Bauxite*

Composition Portion (wt.%)

ALO4 56.5~58

Gibbsite (37~44)

Boehmite (7~12)
Sio, 6.6~7.6

C 0.18~0.26

TiO, 22~35
Fe,04 5.2~82
L.OlI 21~27
Total 100

*Australia, COMACO ALUMINIUM LIMITED

Table 3. The results of TOC, UV/Vis and Whiteness by activated carbon

use
TOC UV/Vis Whiteness
Sample o Abs.
ppm % [\, 238 nm] 1-C/C, L
Ref. #1 9101 - 2.571 - 92.3

AC 0.20%, 50 °C/1.0hr 8774 3.6 2.444 4.9% 95.0
AC0.25% 50°C/1.0hr 8718 4.2 2438 5.2% 98.7
70°C/0.5hr 8663 4.8 2432 5.4% 98.8
70°C/1.0hr 8692 4.5 2.423 5.8% 99.0
70°C/1.5hr 8719 42 2421 5.8% 98.7
70°C/2.0hr 8676 4.7 2.420 5.9% 98.9
AC 0.30%, 50 °C/1.0hr 8580 5.7 2417 6.0% 98.9
AC 0.35%,50°C/1.0hr 8391 7.8 2.396 6.8% 99.0
AC 0.40%, 50 °C/1.0hr 8426 7.4 2383 7.3% 99.2

, AEeE 9 A7HS WSE 8o TOC 9 UV/Vis S45E
S Ael Ddet A2 Sof 9 AlETo|EL WA E
Zloltt, 50 °Collxl= EFere] AMEE ST S S5
F7129] g2 Uehlls TOC 557} 14sisitt. ol &
to] f71E2] AAN 72 YS veRdl= Zloln, E% T4
35%°14 7HE =& 7.8%2] TOC ZHagS B 0.4%CNA]
B Zashs A A%t o= @A 3] 035%E A
AR I FA ] faiddo] uiFat AlAE AdE
Lol st A2 EAd'he]| ©]8F NOM(natural organic matter)
Aol #st 71E] e AT E BaslgliRel, 8 &

ol e Y-S = T Ue FFE EZ(aromatic
substance), & X3} X s+-=-(unsaturated aliphatic compound),
Z3}A= 318 E (saturated aliphatic compound)@} HAH-7] &1
9] (humic substance) 5-2] F5=5 e 4R o® 543 A
7} & A7 v R E TOC 24 Aol FUst A3E Hol
QTH13]. Bogh, DAJRE 2] o] gk Sgae] gello] SAeks
ARgEro 24 Ha) A3 Ao T WA= AS §to g FHl
o] TS 4= USIT). o|FA RS o]l fT|Ee] AlAE &
TAHSTHNaAIO,) &1 0% M AlETfolE A 5e] wieS
g3l B3ttt Table 304 & = Ql20], WA == E/dvke] ofo]
25%7HEE ST, o]$ellE W e Aol YERA] k3t
AT wEbA AR ARRRo] TS R7]ES] AA R
© 37k, HE A= Aleetol EL] WA Aol n]X|= o
R 0.25% ol HURE et S ¢ T Uit weEbA
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Table 4. Physical and chemical properties of zeolites by Current(S1) and New(S2) synthesis method

. Particle size CE.C ‘Whiteness Moisture O.A.C
Synthesis
(pm) (mg/g) L b (%) (ml/100 g)
C t Method 2.3 316 98.6 1.15 35 36
urrent Metho . . 58 4
New Method 35 313 98.7 1.02 34 38
ew Metho . . 58 54

E gy AT Ans FAlef HokS u),
o1 FAJ e AFEERS 025%% Bk 5= QIQit)
25 9 ST HFZAIRE] JFE AHRT] el §A9] 225
70 °CE AFFAI7) 3L, AIRPHE {71585 AAste] 1 43-e Aun
okt gl 27} 5004 70 °CE AR wlel, TOC AAEL
4.20014 4.5%= 2R F7VSH= Z10 R YERRAL, 70 °CollA] HEAI
ol 2 f71E AART: 2 FFo] Y AoE At
WA AvpR= 70 °C, 14171 200 7P L& 99.09] #E B
o FUek. 2t o]t ofghe] WM F7} ofnl= FasHA] ¢
oha FeE Qo
b ZERS o] 83t §71% AlA 202 ToCS WAE A
5 Ftste] weket A7), &Jet 0.25%, 25 50 °CoF HFAIZE
A7kl HAE & 4 AT

~
Y
=

~

3-2. HIS20IE 4A°| 5Y

Table 40l 71 4R el <8l Az A& (S1P) M= §F
‘PO AzE AE(S2P)] BEAS vl A¥E AEiele
1, Fig. 2°1i= ©]52] SEM ARZIE AAISFITE YAk 7] S2P
7} B4t 3.5 pm, SI1P7} 2.3 umE A28 2P o 2 A3 Zlo] 3
12 um 2 A2 7 Bk T8} Fig 2014 2 4= 350,
(@ AA Bt A 2717F 2.3 pm= HERAL QAN iR
WXEE 1 pm OJatlA 3~4 pm7HA] BAl BEE] Qles ER1%
T UM (= BI1F (@)2] B E YA = 1.2 pm A
YERAL QIAIRE 2~3 pm =17] HSlelA] ds A7]E I E2A
EEo] 9l Ae FEE 4 AUTh Table 49 o] 2uwds S44A
= S2P7F S1pel HlEl] At 0% 3 mg/g S #hs Kol Sk
O} o= S ek e ojujo]n, ARFARI AAUE-E Al&eto]
E 4A9] ZEol 2w 7]50] 300 mg/eol BE 43 AR
5 20 S & 4 Atk ool AnERE, Aol ErL 7h
Aok & AT 2A 9] B3 7] Pl 23l Alz¥ S1P
9F A =2 sAdub el o8 Az S2pe] 2ol A gl slow
h=| Ql}.

S, AlAl AEE AMEE AlEEolE 4A0] S ATt £
o S m|AE= T3 QA4o|t}13]. oY S A% AvE TR
W S1PS] WMAT L gk S2P] B-9-g} Alo|7} §lE AoE YERt
O}, 9318 b gto] S2pe] A-¢-Ht S1Pe] A9t A VR
et oefgt Avl= S1P7F gk Al Mg wan glojA] S2p
o] Al vlsf A E} HojRitk= 21e oulstal Qlok. 1=
2 Az AP o] 93k 2P, YFEIAATHNAALD,) 29
FHEo] e A71ES ASEIE 4 olHel EHdeks o] g3t
o] AATo M SIPRTE WA 953 AE AS 5 Q)
Art.

AR AR = AlE o] E0] AHS AX BAje|Zto] Freld]

Sl5kast 473 H|4S 20094 8

(e) S2P 1% step SAR 1.15 (f) S2P 2" step SAR 0.98

Fig. 2. SEM images of zeolites by various SAR conditions and
synthesis method.

oF 2gtoll e YsIA] FETHI. B Al BAE7t wiin

& 2] AlZTol EE 3] flste] SYAL EHIE 0.98% 3t
R T3 QIR A ) A £ W) Qe oAl 2
< Fo] ZINREE 7SR v Fo ey st 719 YAkE
o] HHES AT = QUqet. olefgt Ayl wdd dA 371
ol AHE AV el e % A0S fRIskedof it B
Exo] Sl W A7 AYEHE gk Ao)ivH1L,3].

Fig. 2(2)2] 71& /39l oaf Alze Al=5(S1P)R= 7IEUAF
E7 AHo] glom ARE B £ AL Al 4= 9t} (b=
712 S © 2 Si/Al BERIRE 1,052 S7MA1A EAds e o
A% o] BA7) 3] RS AS B 5 o AAEEE =
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