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Characterization of ZSM-5 Zeolite synthesized from Serpentine
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Abstract A serpentine mineral was treated in hydrochloric acid solution to obtain amorphous silica residue with high
surface area. The highly porous silica with aluminum hydroxide and sodium hydroxide was hydrothermally reacted in

an autoclave. A numerous experiments were performed in terms of reaction time, temperature, alkalinity, and calcina-
tion temperature. As a result, a ZSM-5 zeolite of the highest crystallinity was produced under such conditions as 170°C
of the reaction temperature, 24 hours of the reaction time, and 11.7Na,0O - ALO; - 90Si0, - 3510H.0 - 10.8(TPA).O of
the composition along with 3 hours of the calcination at 600°C.
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Table 1. Chemical compositions of serpentine sample for leaching (% by weight).

C ) .

2P0 Sio, | ALO | MgO | FeOs | CaO | KO | NaO | NiO | CrO» | Ig loss
sample for leaching | 37.14 2.80 36.00 8.06 2.90 0.01 0.06 0.11 0.08 12.95
Table 2. Chemical compositions of serpentine leach residue (% by weight).

Comp. Si0, ALO; Fe.0, Ca0 MgO Ig. loss
Serpentine leach residue 84.98 1.32 1.52 2.42 3.25 6.50
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Fig. 1. Experimental procedures.

HEEE F Ae7tA) YAsta FR4E 3 A% %
110°CellA] 242]7F o)At Hz3slg oy Hr|Roel4 3}4s}
o F71&& AAsAh §A4%E ZSM-5 AgeolEe] A
A3 5l AAFzo| WskE 7987 sk XRD 2
FT-IR £4& AAgtdor SEM S %3 Algelele A
Aol AL #alstgdrt. =3 TG/DTA, BET ¥ gz &
A& AAElge}. o)) ZSM-5 Algelo|Ee] AXIT =
U= PQAMS EFAIRE 71E0R dted FZ(20= 22
~25°) WAoo 2RE A4k (Al 1 F7)stgdc}.

Crystallinity (%) =
Peak area between 20=22~25°
of the product
Peak area between 20= 22~25°
of the PQ standard sample (1)




ZAEA - AP

Table 3. Physical properties of serpentine leach residue.

) Sample Serpentine leach residue
Properties
Mean particle size (ds, m) 13.0
BET (ni/gr) 126.1
Pore size (A) 62.6
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Fig. 2. XRD patterns of reaction product at various calcined
temperatures.

Fig. 3. SEM photographs of calcined ZSM-5 zeolite sample at
900°C.
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Fig. 4. TG/DTA curves of non-calcined ZSM-5 zeolite sample.
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Fig. 5. XRD patterns of reaction product at various reaction
times.
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Fig. 6. FT-1R spectrums of reaction product at various reaction
times.
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Fig. 7. Optical density ratio of reaction product.
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Fig. 8. SEM photographs of reaction product at various reaction times.
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Fig. 9. XRD patterns of reaction product at various reaction
temperatures.
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Fig. 10. FT-IR spectrums of reaction product at various reac-
tion temperatures.
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Fig. 11. Crystallinity and BET of reaction product at various
Si0./ ALOs mol ratios.
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Fig. 13. FT-1IR spectrums of reaction product at various Na,O/
510, mol ratios.
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tAeEE 600C olslem 800C o4 dtasol4
= cristobalite ] 4402 olsle] AR} FAE| Ha
shodct.

2) XRD FAZAs} #abolfz} FT-IR #4443, &
450cm ' (A) &} 546cm™ ' (B) E4Wle WA & vjuge
H ZSM-5 A gzlolE o] A4 ofL-E Bqla $= gl

3) ¥FE-A|7F 15~24hrellAE 1229em™' iz 2t
ol ZSM-5 AlggolE9] A4S YehE 447,
546cm™!, 798cm ' Fw=rt FEE Jepda 9lew 90.
0~96.8% 9 AAHI}EE 48 4 dAdt

4) Wb3-AIZF 24hrol| 4 Ael7ts s WP S AT 2
2} Si0./ALO; B4] 9094 71 HL 96.8% 2] AAIT
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