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ABSTRACT. The reaction gel mixtures of molar composition (0.3~2.1) SiO, (0.10~0.50) CTABr: (0.15~
0.23) TMAOH: (20~100) H;O are prepared and then aged at room temperature for a definite duration. The
aged gel is reacted hydrothermally at 150°C for 2 days. The pH of reaction gel during synthesis is strongly
influenced by the concentration of TMAOH and silica source. The pH change affects the phase of product,
which is monitored by X-ray diffractometer. With increasing the TMAOH ratio from 0.19 to 0.23, the gel
becomes more basic, and the product involves more lamellar phase. At TMAOH ratio lower than 0.19, the hex-
agonal phase is lower with decrease of pH. The content of the lamellar phase increases at a lower SiO; con-
centration, and higher concentrations have a clear detrimental effect on the crystallinity of MCM-41 due to an
excess silica source. The best quality MCM-41 is synthesized from a reaction gel composition of 1.0 SiO;: 0.27
CTABr: 0.19 TMAOH: 40 H,O. The pH values of this gel, aged one for 24 hr, and reacted one at 150°C for
2 days are 12.3, 11.5, and 10.5, respectively. Gel aging for 24 h is essential for preparing high quality MCM-
41. Longer aging causes a decrease of hexagonal phase.
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Tuble 1. The pH values for the aged reaction gel mixture* with ditferent aging time and the as-reacted one at 150°C for 48 hr and
the XRD intensities for as-prepared MCM-41 and calcined MCM-41.

o pH XRD intensity®, arb. unit, x10*, (/L. %)
Sample name aging time (hr) -
aged as-reacted as-prepared calcined
MCM-ALl 0 12.4 10.5 0.64(46.4) 1.50(36.7)
MCM-A2 6 12.0 10.6 0.81(58.7) 1.80(44.0)
MCM-A3 12 117 10.6 1.02(73.9) 2.70(66.0)
MCM-A4 24 11.5 10.6 1.38(100) 4.09(100)
MCM-AS 72 11.5 10.7 0.86(62.3) 2.27(55.5)
MCM-AG 168 11.4 10.9 0.54(39.1) 2.14(52.3)

“The composition of the reaction gel mixture was 1.0 SiO; : 0.27 CTABr : 0.19 TMAOH : 40 H,O.
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Fig. 1. XRD patterns of (A) as-prepared MCM-41 and (B)
calcined MCM-41 synthesized from a reaction gel compo-
sition of 1.0 Si0, : 0.27 CTABr: 0.19 TMAOH : 40 H:O at
150°C for 48 hr after aging at room temperature for (a) O hr,
(b) 6 hr, (¢} 12 hr, (d) 24 hr, (e) 72 hr, and (f) 168 hr, which
is designated by MCM-An(n=1~6), respectively.
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Table 2. The pH values for the initial reaction gel mixture, the aged one at room temperature for 24 hr and the as-reacted one at
150°C for 48 hr and the XRD intensities of as-prepared MCM-41 and calcined MCM-41 with different SiO/CTABr molar ratios.

reaction gel

XRD intensity®, arb. unit, x10%,

Sample composition pH (M, %)
name
SiO- CTABr TMAOH H.O  initial aged  as-reacted as-prepared calcined
MCM-S1 03 0.27 0.19 40 12.70 123 11.3 0.35(24.3) -
MCM-S2 0.6 0.27 0.19 40 12.40 118 11.0 0.34(23.6) -
MCM-S3 0.8 0.27 0.19 40 123 11.6 10.5 0.72(50.0) 1.86(45.5)
MCM-S4 1.0 0.27 0.19 40 12.3 1.5 10.5 1.44(100) 4.09(100)
MCM-S5 1.2 027 0.19 40 12.1 114 10.4 0.91(63.2) 2.32(56.7)
MCM-S6 1.4 027 0.19 40 11.9 11.4 10.4 0.63(43.8) 1.57(38.4)
MCM-S7 1.7 0.27 0.19 40 1.5 11.3 10.4 0.45(31.3) 1.19(29.1)
MCM-S8 2.1 027 0.19 40 113 111 10.1 0.44(30.6) 1.20(29.3)

Y100} peak.
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Fig. 2. XRD patterns of (A) as-prepared MCM-4land (B)
calcined MCM-41 synthesized from a reaction gel compo-
sition with SiO/CTABr molar ratios of (a) 1.11, (b) 2.22, (¢)
2.96, (d) 3.70, (e) 4.44, () 5.19, (g) 6.30, and (h) 7.78 at 150
“C for 48 hr after aging at room temperature for 24 hr, which
is designated by MCM-Sn(n=1~8), respectively.
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Fig. 3. XRD patterns of (A) as-prepared MCM-41 and (B)
calcined MCM-41 synthesized from a reaction gel compo-
sition with CTABI1/SiO; molar ratios of (a) 0.10, (b) 0.15, (¢)
0.20, (d) 0.24, () 0.27, (f) 0.30, (g) 0.35, and (h) 0.50 at 150
°C for 48 hr after aging at room temperature for 24 hr, which
is designated by MCM-Cn(n=1~8), respectively.

=87} 05021 7-fells pH7E FefAma] ZHAA o
FA3] AslE= A& & 4 e

[Si-MCM-41 34 Al TMAOH X7} ZAAl4
n)R)= o8FS doliy] flsl) FEH|E 0.15~023 W
oA FH3 E3F HRSA(1.0 Si0: 027 CTABr:



56

FMEPE - AR PR

Table 3. The pH values for the initial reaction gel mixture, the aged one at room temperature for 24 hr and the as-reacted one at
150°C for 48 hr and the XRD intensities of as-prepared MCM-41 and calcined MCM-41 with different CTABI/SiO, molar ratios.

reaction gel XRD intensity®, arb. unit, x 10,
Sample composition pH (W, %)
name
SiO; CTABr TMAOH H,O initial aged as-reacted as-prepared calcined
MCM-C1 1.00 0.10 0.19 40 1240 114 10.8 1.08(76.1) 1.10(27.6)
MCM-C2 1.00 0.15 0.19 40 1230 116 10.7 1.27(89.4) 290(72.7)
MCM-C3 1.00 0.20 0.19 40 1230 115 10.7 1.42(100) 3.27(82.0)
MCM-C4 1.00 0.24 0.19 40 1230 115 10.6 1.38(97.2) 3.66(91.7)
MCM-C5 1.00 0.27 0.19 40 1230 115 10.5 1.35(95.1) 3.99(100)
MCM-C6 1.00 0.30 0.19 40 1230 115 105 1.08(76.1) 3.69(92.5)
MCM-C7 1.00 0.35 0.19 40 1240 115 104 1.04(73.2) 2.12(53.1)
MCM-C8 1.00 0.50 0.19 40 1150 110 103 0.44(31.0) 1.63(40.9)
*(100) peak.
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Fig. 4. XRD patterns of (A) as-prepared MCM-41 and (B)
calcined MCM-41 synthesized from a reaction gel compo-
sition with TMAQOH/SiO, molar ratios of (a) 0.27, (b) 0.23,
(c) 0.21, (d) 0.19, (e) 0.17, and () 0.15 at 150°C for 48 hr
after aging at room temperature for 24 hr, which is desig-
nated by MCM-Tn(n=1~6), respectively.
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Fig. 5. XRD patterns of (A) as-prepared MCM-41 and (B)
calcined MCM-41 synthesized from a reaction gel compo-
sition with H,O/SiO, molar ratios of (a) 20, (b) 30, (¢) 35, (d)
40, (e) 45, () 50, (g) 60, (h) 80 at 150°C for 48 hr after aging
at room temperature for 24 hr, which is designated by MCM-
Hn(n=1~8), respectively.
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Table 4. The pH values for the initial reaction gel mixture, the aged one at room temperature for 24 hr and the as-reacted one at
150°C for 48 hr and the XRD intensities of as-prepared MCM-41 and calcined MCM-41 with different TMAOH/SiO. molar ratios.

reaction gel

XRD intensity®, arb. unit, x10%,

S::;?ele composition pH (s, P}

SiO; CTABr TMAOH H:O aged as-reacted as-prepared calcined
MCM-T1 1.0 0.27 0.27 40 12.0 11.1 0.43(32.3) -
MCM-T2 1.0 0.27 0.23 40 11.6 10.7 0.45(33.8) 0.61(16.9)
MCM-T3 1.0 0.27 0.21 40 11.5 10.7 1.29(97.0) 3.42(94.7)
MCM-T4 1.0 0.27 0.19 40 11.5 10.5 1.33(100) 3.61(100)
MCM-T5S 1.0 0.27 0.17 40 11.5 10.3 0.95(71.4) 2.42(67.0)
MCM-T6 1.0 027 0.15 40 11.3 10.2 0.75(56.4) 1.82(50.4)

“(100) peak.
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Table 5. The pH values for the initial reaction gel mixture, the aged one at room temperature for 24 hr and the as-reacted
one at 150 °C for 48 hr and the XRD intensities of as-prepared MCM-41 and calcined MCM-41 with different H,O/Si0,

molar ratios.
reaction gel XRD intensity®, arb. unit, x10°,
Sample - "
composition pH (W, %)
name
S10, CTABr TMAOH H,O aged as-reacted as-prepared calcined
MCM-HI 1 0.27 0.19 20 11.5 10.7 1.04(72.7) 2.56(62.6)
MCM-H2 1 0.27 0.19 30 11.5 10.6 1.34(93.7) 3.42(83.6)
MCM-H3 1 0.27 0.19 35 115 10.5 1.43(100) 3.61(88.3)
MCM-H4 1 027 0.19 40 11.5 10.5 1.38(96.5) 4.09(100)
MCM-H5 1 027 0.19 45 114 104 0.96(67.1) 2.76(67.5)
MCM-H6 1 027 0.19 50 114 10.5 1.27(88.8) 2.51(61.4)
MCM-H7 1 0.27 0.19 60 11.4 104 0.97(67.8) 2.20(53.8)
MCM-H8 | 0.27 0.19 80 114 104 0.94(65.7) 2.76(67.5)
(100) peak.
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Tuble 6. The XRD intensities for as-prepared MCM-41 and
calcined MCM-41 synthesized at 150°C from the reaction gel
composition 1.0 SiO, : 0.27 CTABr : 0.19 TMAOH : 40 H,O
with different reaction time.

XRD intensity*, arb. unit, x 107,

Sample reaction

. (Ms, %)
name time (hr) -
as-prepared calcined
MCM-R1 24 1.20(68.6) 3.16(79.2)
MCM-R2 48 1.38(78.9) 3.99(100)
MCM-R3 72 1.75(100) 3.58(89.7)
MCM-R4 96 1.07(61.1) 2.12(53.1)
MCM-R5 168 0.68(38.9) 1.67(41.9)
*(100) peak.
phase® %1 g},

A= MCM-412] AAAe] 71} gt ukeA
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