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Technique of Preparing Modified Silica
from Oil Shale Processing Residues
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Abstract: The oil shale residues from oil production were taken as raw material and cationic surfactant as

modifier, the hydroxyl groups on the aggregated silica surface were alkylated directly. The structure of alky-

lated Si-hydroxyl on modified silica surface was characterized by means of infrared spectroscopy, nuclear

magnetic resonance analysis, thermal gravimetric analysis and scanning electron microscopy analysis. The re-

sults showed that the modified silica was obtained and modification rate of surface hydroxyl groups is about

84%.The modification conditions were optimized on the base of the application of orthogonal experimental

method, and the optimum parameters are that the reaction temperature is 40°C, pH value is within the range of

9-10 and the molar ratio of cationic surfactant to silica surface hydroxyl is 2:1.
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Table 1. The XRF analysis of the ash of emicoke of Huadian oil
shale-retored solid heat carrier

F 1. HEEMIUEEGHREETIESA N XRF 947

i A () R S ()
Si0, 54.3 P,Os 0.158
ALO3 18.6 SrO 0.0917
CaO 9.16 CuO 0.0618
F6203 8.55 CI‘203 0.0532
SO3 3.16 MnO 0.0466
MgO 2.54 NiO 0.0251
K,O 1.74 ZrO 0.0228
Na,O 0.794 CoO 0.0156
TiO, 0.685
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Mo B sk, 4 LANaAlO, HITERAEAE T T .
BUEY) (FREE R FRIEER ChoNbidd
= LR AN LR AT R IR
N, BIFSARN G esebE Fok 8, HoR W AR
SiO, + 2NaOH = Na,SiO; + H,0
ALO;+ 2NaOH = 2NaAlO, + H,0
Na,Si0; + 2H = H,Si05 )+ 2Na"

-Si-OH +C 16H33-N+(CH3)3BI'_=-Si-OC16H33+ N+(CH3)3BI'_

-Si-OH+C2H5-N+C2H5)3BI'_= -Si-O-C2H5+ N+( C2H5)3BI'_
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40°C/KH) , fHIE 40°C R 2h, & pH=8~12 {fFF
AR, BB 40°CKIEVE, 2B Y I T
WETER, ZLAMTE 2h, oA B R B R S
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Kb C —E AR (0.1 mol/L);
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Table2. Orthogonal experimental conditions

F2. EXEREMGIT

A PR B NS/ T C pHAH
1: 1 30 8-9
2: 1 35 9-10
3: 1 40 10-12

*CES R s B AR A R L
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Table3.Orthogonal experiment results modified by
cetyl tri-methyl ammonium bromide

F3 tARE-AERUEHNEETIEBER

S Bgedill JFNAITL S SRV AN

SER & (D] pH 1H
1 1: 1 30 8-9 267
2 1: 1 35 9-10 3.75
3 1: 1 40 10-12 3.93
4 2: 1 30 9-10 4.09
5 2: 1 35 10-12 3.87
6 2: 1 40 8-9 439
7 3: 1 30 10-12 3.67
8 3: 1 35 8-9 2.95
9 3: 1 40 9-10 4.43
I 10.35 10.43 10.01
g 12.35 10.57 12.27
111 11.05 12.75 11.47
R; 2.00 232 2.26
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Table 4 Modified rates of cationic surfactant

978-1-935068-37-2 © 2010 SciRes.
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Figure 1. Surface structure of silica
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Figure2. IR Spectrogram of silica modified with cationic surfactant
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Figure3. IR spectrogram of unmodified silica
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Table 5. Results of nuclear magnetic resonance on silica

& 5 HH LR 'HNHR ST R

Sample Chemical shift H peaks H
5 (ppm) number group
Unmodified silica 1.0-1.5 triplet -OH
Cetyl tri-methyl ammo- 22. 19 multiplet -Ci6Hs3

nium bromide-modified
Tetraethyl ammonium 2.1, 1.7 triplet. -CHs
bromide-modified

quartet
100 0.0001
08 - 0.0000
--0.0001
96
4-0.0002 ~
94 ‘w
= 4-0.0003 3
(= E
92 +-0.0004
=
a
90 1 +-0.0005
= -0.0006
88
-0.0007
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Figure 4. TGA curve of silica modified with

tetraethyl ammonium bromide
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Figure5. TGA curve of silica modified with
cetyl tri-methyl ammonium bromide
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Figure6.TGA curve of unmodified silica
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Figure 7. SEM picture of unmodified silica
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Figure 8. SEM picture of silica modified with
cetyl tri-methyl ammonium bromide

B8 +ARRE=SRERLEB IR KB SEN E

10.0kV 7.8mm x7.00k SE(M)

Figure 9. SEM picture of silica modified with
tetraethyl ammonium bromide
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