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Granulation of Natural Zeolite Powder Using Portland Cement
Su-Jung Kim, Yong-Seon Zhang", Jae E. Yang, Yong Sik Ok, and Sang-Eun Oh (Department of Biological Environ-

ment, Kangwon National University, Chuncheon 200-701, Korea; “National Institute of Highland Agriculture,
Rural Development Administration, Suwon 441-707, Korea)

ABSTRACT: Enormous amounts of zeolite by-products as a fine powder have been produced while
manufacturing commercial zeolite products. Granulation of the zeolite by-products is necessary in order for
them to be recycled as soil conditioners or absorbents for various environmental contaminants due to the
limitations inherent from their physical properties. We granulated the zeolite powders using Portland cement
as a cementing agent and characterized the physical and chemical properties of the gmnullated zeolite
product. The experimental natural zeolite had a Si/Al ratio of 4.8 and CEC of 68.1 cmol. kg'. The X-ray
diffractometry (XRD) revealed that clinoptilolite and mordenite were the major minerals of natural zeolite.
Smectite, feldspar and quartz also existed as secondary minerals. Optimum conditions of granulated zeolite
production occurred when natural zeolite was mixed with Portland cement at a 4:1 ratio and granulated
using the extruder, left to harden for one month at 25°C and treated at 400°C for 3 hours. The wide spectra
of XRD revealed that the granulated zeolite had amorphous oxide minerals. The alkali- or thermal-treated
natural zeolite exhibited pH-dependent charge properties. The major minerals of the granulated zeolite were
clinoptilolite, mordenite and tobermorite. The buffering capacity and charge density of the granulated zeolite

were greater than those of natural zeolite.
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= A7 ARSE HA A ESHOIEE AE Gt A&
2ol E kel s FAME g ARSIy FER
EAHEE Al AFH ) TFAHE]S 18t AR
3F3ItHTable 1). FEWT AJMED AJHE AzFAo)A 4
34, AR, 714, Ak FE 52 9488 1450°C 129
A 2381 A2 AH 1 om AR 2719 TA AR A
$AT(clinker)oll 52 ZEA HuE g Fre £
oz ghE 2Ag uiFhdtd, xgne JAREE nEAY S
olgsl 4831, pHy EXH $F59) vl&$ 1:108
7 slo] o] o7 A 7718 32 Walkley-
Black¥lS olg3alglom, A&l 1IM-NHOAc(pH
7.0) 4L ol &3t} 2% T AXNFF RSP TA(AAS:
Atomic Absorption Spectrophotometer; Perkin-Elmer
2380)Z Ca™", Mg™, K', Na'9] 552 Z4slich 7heA
AL e AIHE IM-NaOAc §9%(pH 4.0)°2 JES &
AASE FA3 T, o)A FEHHCEC)S IM-NH,0OAC
(pH 7.0) E3HEHE o]43l9] ZsATHY. 2189 X-A

Table 1. Physical and chemical properties of the natural
zeolite and the Portland cement used in the experiment

Properties Natural Portland
zeolite cement
Particle size distribution
(mm) (%) (%)
1.00 - 0.500 1.80 -
0.50 - 0.250 29.52 -
0.25 - 0.100 20.30 -
0.10 - 0.050 5.50 -
0.05 - 0.002 29.51 97.5
< 0.002 13.46 2.5
Surface area (m’ g'l) 34.12 36.5
Charge density (mmol m™) 1.99 -
pH 7.83 124
CEC (cmol. kg™) 68.10 8.1
Chemical composition (%) (%) (%)
SiO 68.80 22.2
ALOs 15.70 46
FeZO3 1.98 3.1
KO 281 trace
CaO 0.46 629
MgO 1.06 2.7
Na;O 0.70 1.1
Loss on ignition 7.33 0.6

3R (Xray diffractometry) ASE A A (preferred-
oriented section)®.Z ZA|gt F X-A FHFAT7|(XRD: X-
ray diffractometer, Philips model PW-1730)& ©]-8s}o],
CuKa 9% 38(0\= 1.5406 A)l Ni BEIE AHg3lo] AW
HA¢] HgE waeglon, Ak 40 kv, AF 40 mVY £
ZAolM 270 55 0.5° 26/min, step time 2 secE 3|4 gk
& 2dsto] S5 AR A AR Ag o
AEE FHskL 900°CelM Na,COs 2 888 F Ao 2 &4
ato] Z48th Si0,, MnO,, P,0s ¥ sesquioxide(R03
AeHE: ALO;, FeOs)e- 38et & F3 R S48,
KO, Na;O, MgOT AASE o]43te] S4s30rt A5 %
AL AR 03 g HAsH F o]F A2elA 3R F<L-01
kPa 9807 &/|N7] ¥ HEHAZ47)(Carlo-Erba Sorpty
1750)% AR&-310] 77 Kol N, S23& 5 point H& AM-
alo] Atk Az AYrxe NEE olaE FBd
Yo SHTE AR debel 138 200 mesh screen
discel] =2t th3 AH Holder(3 mmdJ, 200 mesh: ©4F
FHE Cu grid)el Y1 FAFAE ] H(SEM: scanning
electron microscopy: Phillips model CM12)& ©]-4-3}4
3,000~12,0008-&=2 B33t
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Table 2. Effect of Portland cement mixing ratio on the compressive strength of the granulated zeolite
Portland cement (%) 5 10 15 20 25 30 35 40 45 50
Compressive strength (kg cm™) 43 221 337 1045 1948 1976 1997 2008 2049 2092

Regression equations between
compressive strength (CS) and
Portland cement (PC, %)

Step I: CS = 2.94 PC - 9.36 (+* = 0.99) (5 to 15% of PC)
Step II: CS = 16.11 PC - 211.2 (* = 0.99) (15 to 25% of PC)
Step 1II: CS = 054 PC + 180.8 (* = 0.96) (25 to 50% of PC)

73 36.2 mm, ¥#°] 50 mm2] ¥EF A4 E(mold)ell &o]
25 mmt HEE 7Y ot 74 g EE e &
A& AEE 371 AAESIT BB FAEE 24417 B2k A
A 3 2YNZTE BYA A RS Z4) F2EF(23 +
2°C)Z o]F3to] 309U7F FAYEHA.Cm, o] F 400°ColA 34
G AHHT F AFAEE S YEAEE A
5478 (Stable Micro Systems, TA-HD/250) o] &
Stk A 240 AR AN 37 2.8 mm, probe
T 27 2.0 mm, 35515 (test speed)= 1.25 mm min”
E FAIA AJEo] s wj7hR)e] 2eAIkE 102 oW &
of ZIkelgitt. ASA LS 542 38 23 F HFeida,
Aol wh= o) B15-g WaA o Uro] I BRS¢
SRR ARkt e wuidst 548 7 pH 2y
F Na' 0129 F2%S S48 5 AN, 4 0129 5
Tl st pH 95-5{ApH/ Amol(H"]& el A geolE
9} AZHOIE Qo] TR F2 HARS T8l ke &
E433ich

Uo|2x|Ent Aol 2Bt HESY W}
A4 ALl B 5o 3= smectite?)

e AR A8 23& AH] A8l 2
3t S ARSI F4A R dEaS 158
2J3lod SRR 33 AlF F Axsiglth Az A%
10 g& 100°CellA] 400°C7H4] 100°C 7H4 0.2 3A17H
el g F ethylene glycol(2%) T4%S A2)dl] XRDZ
o83t F717H (interlayer spacing) < Z4sIgith A8
£ Yolzor x3N7I7] A8l A2 E 5 gofl IM-NaOAc,
IM-CaOAc, IM-KOAc, IM-MgOAcE 27+ H7}slo] xgt
Al AET F 80°ColM NEAFT 7179 oFoldo
Z ¥3ld MRS S92 R dAEsie XA 34
9 g8 SRS 48tk
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B2 Ux} D717 4SS AEALY HE S
AR ole Aol Z7kshe 2o LelA e, 2ot
29 FAAYI} A Sl AIHE A B2 FAA
AE7 ol 47 RAAE A SAH3k A A FHA)
&) A1, W FAR FHATH AL sol FFEEAL

R AR Aol she EAlge] 2. A
SEPo|Ed] LEWAT AMEE 5%1A 50%7H] 571719
3] Qeks A §, A ESH0lE o] FEelMe ¢t
E AeE A% 9] 4EAE AP Table 204 B
o5 9tk

Qere] oF% i YEAT AWME 7} Hlgo] o}
Aol we} F7EEG o, F7bEE ARs 39AY A4S
HOFQTE REJIT AMEPC)S 7 HIE F7tel whe
E7FE(CS: compressive strength) ] F7H]&(ACS/A
PC)& 2.94(PC &81] 5~15%), 16.11(PC ] 15~25%)
4 0.54PC EFH] 25~50%)°] 3t Table 2). ZEAT A|
HES] Eulgo] 25% A E YEAEF AAA Tkl
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Table 37} 4% A &0 E Y-S 100°ColA 400°C7HA
X gt A5e] ethylene glycols SHAA 3 A&
ZARE 35 BolFar 9tk 100°ColA smectite 1.535
nm, clinoptilolitew 0.896 nm, mordenite= 0.669 A=}
EPttiTable 3). 300°C7H:= ethylene glycol A2 &7t
ZHA(001)°] 1.76 nmE H33H3 o) 400°ColA = 7 71
79 ko] Q1T Table 3). Wt A A Ldjo|E9] F71
42 B E AATI] ] Y-S FAEIE 400
°C o] @Azt st

A&eo|E Ydeke] S2seta E4(Table 5)> A A
EeJo|EQ] E/4(Table 1)¥} v]wd uf, ¥UA 3} CECE 7t
25Tk pHE 7.8904 1212 718108 o) LEHE
AlRlE| $hid 2o 93 il Ao® et Hs)
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Table 3. X-ray diffraction data of the experimental natural
zeolite granules as a function of reaction temperature

Temperature D-value Angle Height Relative

(°C) (A) (26) (Counts) intensity (%)
1536 575 242 325
100 896 986 413 55.4
669 1323 221 29.9
1536 557 225 39.6
200 888 995 364 85.2
668 1324 199 458
1307 675 23 6.7
300 875 1010 345 100.0
6.68 1324 52 383
400 872 1022 212 98.6
6.68 13.24 12 122

Table 4. Effect of heating on swelling of natural zeolite

Tempera- Saturated cations (swelling 001) (nm)

ture (C) Ca™ K* Mg** Na'
25 153 177" 1.14 168" 1.55 1.78" 1.17 1.79'
100 152 176 113 1.68 155 1.78 1.12 1.79
200 152 176 1.13 168 151 178 1.11 1.76
300 152 1.76 111 167 132 178 111 176
400 152 152 1.09 1.09 096 096 111 1.76

"Row values indicate the interlayer spacing of zeolite
dried and treated with ethylene glycol

YEE 1.9990A4 3.07% 748kt o Slddle] o3t &
1A A ) Ao AlREQITE AA A EfelEs #)
STO|E QIeke] X-A 388 A A &HolE ue] XA
33 Zo) WA YeERtHFig. 1). Yddte x| gejolEg
¥ FE2 clinoptilolite, mordenite ¥ tobermorite®]1tH
A4 eFgAde] 2 FE clinoptilolite, mordenite= ¢ #)
S0 EoA, tobermoritet TEWRE A|HEZRE 85
7ot} Tobermoritet LEAT AIHE Z9] tricalcium
silicate(3CaO - Si0,) ¥ dicalcium silicate(2CaO - Si0») 2]
FbE-e] AER FAHTh T3 TEAT AHEN 713
W& kg ARG tricalcium silicate$} dicalcium silicate
A& Aol A FatE o] mAlg Aol A ESEE
o] H9 o]= A4 tobermorite$} A T-F7} BlSEly] WE
ol tobermorite gelolgtil B2, ZEAC AHEY 4
A2 At B UIFE AFITR Z7olE= F43)
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Table 5. Physical and chemical properties of the granu-
lated zeolite

Properties Values
pH 12.13
Exchangeable cations (cmol. kg™)
Ca 12.69
K 12.23
Mg 457
Na 19.19
Exchangeable Al (mg kg™) ndf
NaOAc extractable Si (mg kg™) 0.12
CEC (cmol. kg™ 52.20
Surface area (BET, m’ g'l) 17.30
Charge density (mmol m?) 3.07
H;O extractable (1:10)
Ca 11.72
K 0.88
Mg 0.99
Na 3.78
Al nd.
Si 0.12

"n.d.: not detected

Natural zeolite
—— Granulated zeolite

0 10 20 30 40 50
2o

Fig. 1. X-ray diffractograms of natural zeolite (lower
line) and granulated zeolite-Portland cement (upper line)
[Bt: montmorillonite, Cp: clinoptilolite, Dc: dicalcium sili-
cate (2CaO - SiO»), Fd: feldspars, Gs: gypsum (CaSO4),
Md: mordenite, Qt: Quartz, To: tobermorite (3CaO-
AlOs)1.

Figure 2& ¥EJE AHES} 2 &elo|E ¢t e F
AFdE)Z ARE HAFT St ARRlollA] B vie} Zo] A
HE Qipol|A] Wof 1o = A4 e AT #EEU
t}. A4 ettringite, 732 tobermorite ZH-E] f-23HH
ettringitet= 210} §1& Wl 15 Fofolut AzEW Ao
2 Ao] H1 tobermorite™ AZHH B B EE foil 3
old el AFgog waEt), adrslEQ tober-
morite™ SAYA EHE] F5lEo] FEEEol o3| A2 B
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Fig. 2. Scanning electron microscopy (SEM) of (A) natural
zeolite and (B) granulated zeolite.
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. CECx: ZEAE AMEY] i) 20%714 F718
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HES] Hrige) STHl vt A2k Ad A geel=
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Portland cement mixing ratio (%}

Fig. 3. Effect of mixing ratio (%) of the Portland cement
on CEC and pH of the granulated zeolite.
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A5t AMgolA 4714 497kx] pH 22o] Hadirt
T3 A A SEelEd AR XENE ARIEE FF5
A Ca(OH),7} &5 0} A1 39 A54e 248 &
Ak olgg B4 EAES dds] fste] ZEWE A
HE Al dRYol 5 7lste] A7 el @] A=
7} ARl v GEE olFAYoE FA &

80
70
P‘:?é"
w60
=
g
U 30T —0—400C+alkeali
3 ——400%C
40 r
30 -y
2 3 4 5 5] 7 8 2 10 11 12

pH

Fig. 4. Surface charge properties of the heated and alkali
treated natural zeolite at 400°C.
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Fig. 5. pH buffering capacity of the granulated zeolite
and natural zeolite.

NY] o] 2FEE 0.01IM-NaNO,E F23t0] §49] pHH3}
o] W2 Na* 0|9 Eddy] FAT F2F9 HslE g3t
o] SASNEFS 98193 1 A Fig. 49} 2tk o714 o
A pH Z7A8lA Na*© o129 &3 77 1 pH 231
ol}x1 9] CEC7} €rk. A3ta2 400C oA A & A&
olEcME pH 7.0% 71E2E S48 ST vEhiA|
kot dxjals} vEe] gZolE A AR A%
A FA F7l7h B o G2} @A ol
2 AgosA ABldE BE FAY 40 E Jos
F45Ed o] B FHHIFET FFE FHS0]
S, FAYFEL SATIEHE B SEEe) #=8d
o A4 wlsislo] AGEEE et o] o] FolAH F/ETHAL
dnt Aoyt A1 FHe| Avka SAF.

Qlcko| pH 2kEs™

AA A gelo)EY A L] E uke] pH $5s{ApH/
Amol(HN]& &A% A= Fig. 53 Table 6914 HoiF
T 9tk 27 AL W71l did 33 pHWSk: Alse] %
Frole F3 wio] F ARo) BF fABHA ¢Rk8] 2
B3cKStep I). A H71F STl W AE0lE 9] pH
wsh= Aglont Ml A gelolEx= pH 7.0014 4.0527H4
F4% 7128 B tiStep II). 284} 0.6 mmole H'0] 3
7FE 39 pHE T $hakstAl 7HAE SirKstep I) (Fig. 5,
Table 6).

2+ H7hol| wkE pH WH3le] @AM 13} A4S Table 6
o} Zror o] AE9) 7187 At tigt $E-5{ApH/ Amol
(HN]& vehdt) A 557 S/ R ALl E Sldo]
A 27] 718717} A EE AL A&FolE o] vk Ca
o7 T4 glor ) 7HAl i o] @o] Ca?t ol
AgE o] FaoleoF E3E A QRER ] H:= HC1Y
H Bt} si857] o137] wlio] pHe| 4wt Agd Zes
Rl b el=

A A&eolEY] pH 9582 Fig. 59 Table 6214
9} o) 35kl T RS- U= ol A TeA A
d 2 go|EQ CEC Y A ool g 4873 it
A o] ghgo] ol FAholRE S| fECE A
H9ic} I @A12) pH 4.0 olatlr] 45-50] A vehd A

Table 6. Models on the pH buffering capacity of the granulated zeolite and the natural zeolite

pH buffering capacityT

Materials [ApH/ Amol(H")] Steps Linear regressionﬂ r
Zeolite granule 240 x 10° Y =-024X + 11.64 0.882**
146 x 10° Y =-0.146X + 7.45 0.829*
Natural zeolite 16.02 x 10° Y =-1.602X + 14.36 0.865™
151 x 10° 11 Y =-0.151X + 4.35 0.883"°

"Mole of H' required to decrease on unit pH; TY = pH; X =mL of 0.1M HCl added
*significant at P < 0.05; **significant at P <0.01; NS not significant
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< Al Fe 59 $3l2 #£9] 23727} 9F Zof 712
HE71 Wk, elgfdt A gejolE lvte] pH $Fee
TEEOIZE T 899 pHE TTVMA FE5E 4
32 FHE Fle SIS BeE ootk
A olgolE, AME SHkE fAMA WA At T
AAE HAotA Fozx FARZAY 4S8 5 Qlon
E Egolv §FFoklA e #840] Avtu wdeL;

2 <of
AA ATl ES Fsto] QAT A7) dAIE Bt
e oA FIPRAZE B thEke] wjie] BatEE W
Aska ik B A eals B A R eelo|ES Bk
NFAG FeAgAe] 845 SuiA7)7] Y8 FEHD
AMES AZAZ E3star dAsted AQlds) sioich &2
Aol ARG A A e EE HE GUTH Aol A
B A0R FHHH|(Si/Al) 4.8, %ol 24 8-43HCEC) 68.1
cemol kg 01913, clinoptilolite, mordenite©] 3 3E0]3]2.
1, 7]€} smectite, feldspar, quartz 2% o]Fo}4d itk
Y& Aggto| B nlRo] o xgujo|Ee 25% EER
S ARES ARAT sl Bd)R AP & ) 8}
ATk o] AlRE 25T ollx 3093t FAskar 400°7C ollA] 3A1%E
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