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Synthesis of Zeolite Using Discharged Fly Ash in an Industrial Complex in Ulsan
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Abstract : In this study, zeolite was synthesized by hydrothermal, fusion, and fusion/hydrothermal methods with fly ash, coal fly
ash, and a waste catalyst discharged from thermal power plants and incinerator in Ulsan area. Coal fly ashes (CFAs) and a waste
catalyst containing amounts of SiO, and ALO; ranging from 60.29 to 89.62 wt%. CFAs were mainly composed of quartz and
mullite which were assayed by a XRD pattern. Zeolite could be synthesized by CFAs and the waste catalyst when all methods
were used. Na-A zeolite (Z-C1, Z-C2, and Z-W5) are mainly synthesized by the fusion method from CFAs and the waste catalyst.
Z-C1 and Z-C2 formed by-products, calcite peaks, which is caused by the content of CaO in CFAs and the addition of Na,CO; for
a synthetic process.
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Unburned carbon contents (wt%)

0
F-C1 F-C2 F-W3 F-W4 F-W5
Fig. 1. Comparison of unburned carbon contents in raw ma-
terials,
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Table 1, Chemical composition (wt%) of fly ashes and a waste catalyst
Si/Al ratio

Sample (W) SiO. AlOs NaO, Ca0o SOs FexO3 Zn0O MgO TiO2 Others
F-C1 239 44 49 15.80 0.7 20.86 6.64 6.78 0.01 0.18 0.58 3.95
F-C2 249 51.06 17.37 0.75 1415 469 6.84 0.03 163 0.65 282
F-W3 234 24 46 8.86 7.76 1.9 15,86 6.53 7.32 231 242 12,58
F-w4 143 7.49 443 1.71 3.3 11.82 51 0.22 33.66 0.23 32.04
F-W5 0.98 48.04 4158 0.32 0.16 116 1.16 0.03 0.12 0.95 6.47

312 38 =
F-Cl, F-C2, F-W3, F-W4, 9 F-W5& 800C oA 1A} &
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S| ES FAo| 75T AR ATEH I
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cater} A EIO] AL etolE R TR Bk F-

r

X
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a M M
(b)yF-c2 [ O V| R (7NN v A VNS Table 2. Production yield (w/w%) of synthetic zeolite
I I 5 Yield (w/w9%)
Q M MC Qa a a Methods
@rct Mo, Q. FC1  FC2  FW3 FW4 FW5
10 20 30 40 50 A 95 80 (1 (1 50
. 20 B (Na,CO3) 72 70 (1 (1 (1
Fig. 2, XRD patterns of fly ashes, (a) F-C1, (b) F-C2, (9) F-W3, B (NaOH) 55 65 50 (1 56
(d) F-W4 and (e) F-W5, Q = quartz; M = muliite; C = c 3 4 5 1 1

calcite; Z = zeolite,
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Fig. 3. XRD patterns of a fly ash and products, (a) F-C1, (b)
Z-C1 (B), (c) Z-C1 (C). Q = quartz; M = mullite; C =

calcite; Z = zeolite; A = Na-A zeolite,
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Fig. 4, XRD patterns of a fly ash and products, (a) F-C2, (b)
Z-C2 (B), (c) Z-C2 (C). Q = quartz; M = mullite; C =
calcite; Z = zeolite; A = Na-A zeolite,
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F-C29] CaO 3ol Z+zt 20.863} 14.15%=2 A L =4
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Z-C2(B, O)9] 7%, Fig. 3} Fig. 4of vrepd A o] 2+
W Bl CollA 4 E Al&ete]l =9 XRD ¥ =9] 267}
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% b) Z-C12} ¢) A]2FF Na-A zeoliter= A& o] AALZ
2 7PAE Aol 2 BAEAL, b) Z-C1e HH
A2 YAl o] fAsHA A E A= AR =
AEol Wol glE ek
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Fig. 6. XRD patterns of a fly ash and products, (a) F-W3, (b)
Z-W3 (B), (c) Z-W3 (C). Q = quartz; M = muliite; C =
calcite; Z = zeolite; A = Na-A zeolite,

Fig. 5. SEM images (1,000 x magification) of a) F-C1, b) Z-C1 (B), and c¢) Na-A zelite (reagent grade).
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Fig. 7. XRD patterns of a fly ash and products, (a) F-W5, (b)
Z-W5 (B), (¢) Z-W5 (A). Q = quartz; M = mullite; C =
calcite; Z = zeolite; A = Na-A zeolite,

— (c) Z-W5(B) A A
~ A .
o)
< [ A A A
%‘ A A A A A
& A JUL
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= (b) Z-C2(B) T
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Fig. 8. XRD patterns of products, (a) Z-C1(B), (b) Z-C2 (B),
(c) Z-W5 (B). Q = quartz; M = mullite; C = calcite; Z
= zeolite; A = Na-A zeolite,

(A)ell B]3] 2071 7.18, 10.17, 12.46, 16.11, 20.41, 21.67,
23.99, 26.11, 27.11, 29.94, 30.83, 32.54 U 34.189] 4] Na-A
3 AlZete]ES XRD a7} £2 =R ek Fig.
8 WY BE FYsHA st FAE AlETolE9
XRD #3E w3t Aolth Z-W5(B):= Z-CI(B)T} Z-C2
(B)oll HIs| Na-AF Al&eto]E9] a7t @o| ettt
o] AutelA AleFF Na-A Al ZEto|EL] XRDE| 7|3 9]
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A 5 CaO eFo] wrobzivtw, g Bel osfA=
2R3 EE Y ¢ dS Aos g

(SEM)e]l oJsfj B]agt Aifoltt

559 A AR F AeA b4kl F-Clek F-C2 1
23 W Z el F-Ws7} Si0n8h ALOs©] 3ol 212t 60.29,
68.43 2 89.62 wt%7} EZg =0 QI3 quartz?} mullite 2]
XRD 727} %7 tehd 27 Algetol= o] At
shict

/3R Bell o 4 E Z-Cl (B)# Z-C2 (B)= XRD
1 39] 267} 7.18, 10.17, 12.46, 16.11, 20.41, 21.67, 23.99,
26.11, 27.11, 29.94, 30.83, 32.54 9 34.189]| A Na-Ag A
9-2}0] E(Nal,Al,Si;n04s27.4H:0)2 L}ER}= XRD 732
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