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ABSTRACT 

The exceptional properties of silica aerogel make it one of the intensely investigated 

porous materials obviously because of its multiple and diverse applications. However, 

its commercial-scale production is often limited by a drying technique that critically 

embodies considerations such as cost, safety, time for production and effects on the 

environment. In an attempt to address these challenges two methods were developed 

in this work.  

 

The first part of the work demonstrates the use of a switchable hydrophilicity solvent 

(SHS) for pore water solubilization of a sodium silicate (water glass)-produced 

hydrogel from a pressurized carbonation sol gel (PCSG) process, and the subsequent 

pore water extraction preceding silica aerogel production. Carbon dioxide (CO2) at 

atmospheric pressure (0.1 MPa) was significant in this process. A quick CO2 reaction 

time (1 min) was discovered to be ideal for the maximum solubilization (72.8 %) of 

pore water as tests on the recovered filtrate showed. Filtered silica wet-gel were dried 

under ambient pressure whiles, the one-phase filtrate was also recycled for re-use. The 

N2 adsorption-desorption analysis showed that, the produced aerogels exhibited a high 

Brunauer–Emmett–Teller (BET) surface area of 414.1-507.8 m²/g and Barrett–

Joyner–Halenda (BJH) pore volume of 2.3 - 2.6 cm
3
/g. The pore volume as well as a 

narrow mean particle size distribution (D50 = 6.2-7.2 μm) significantly affected the 

application as flatting agent (FA) culminating in the obtention of an extinction index 

(Ei) of 61.7 and 52.8 % for hydrophobic and hydrophilic applications respectively. 

Again, a respective hydrophilic and hydrophobic film transmittance index (FTi) of 

78.3 and 86.1 % were attained. These FA performance indices were relatively better 

than that of commercial silica which was simultaneously investigated. Furthermore, 

the recycled SHS with 6.2 % water content was exclusively used to re-synthesize 

aerogel. Besides the simplicity and quickness associated with process, the dual 

utilization of CO2 both for the production of the hydrogel, and the aerogel clearly 

makes the process environmentally benign with good prospects for large-scale 
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industrial production. 

 

In the second component of this work, we analyzed the ability of some selected 

thermal decomposable salts (TDS) for the production of silica aerogels by employing 

the same PCSG-produced hydrogels. Amongst trials of several TDS, one of them 

showed better prospects of producing silica aerogels. The high solubility of the 

chosen TDS in water as well as its precipitation effects in the presence of protic 

solvents was significant. Its resultant effect of salt crystallization confined to the pores 

formed large pores when decomposed. Relative technical parameters of varied 

hydrogel concentration (0.25-1.0 mol/L), TDS solution concentration (9.1-33.3 

w/w%), stirring time (15-120 min) and protic solvents were thoroughly investigated. 

The identified optimal conditions were 0.5 mol/L, 28.6 w/w% and 30 min for 

hydrogel concentration, salt solution concentration and stirring time respectively 

while using isopropanol. Even though, surface modification agents were not 

employed, yet physicochemical attributes of high BET surface area (667.7 m
2
/g), high 

BJH pore volume (3.2 cm
3
/g) and narrow particle size distribution (D50=6.5-7.0 μm) 

were attained after this salt-mediated drying. The produced aerogels were further 

characterized by X-ray powder diffraction, Fourier Transform Infrared spectroscopy 

and thermogravimetric analysis. Moreover, SEM and TEM studies confirmed the 

mesoporosity of the aerogels. It was revealed via the application of the produced 

aerogels as the FA that, the aerogels depicted improved performance indices over 

commercial samples. Accordingly, an Ei of 58.7 and 65.2 % were accomplished for 

the hydrophilic and hydrophobic applications respectively. Besides, the hydrophilic 

and hydrophobic FTi of 86.5 and 96.2 % were as well attained for the synthesized 

products. These were as a result of the contributory effects of the pore volume and D50.   

Keywords: Silica, switchable hydrophilicity solvent, sodium silicate, carbon dioxide, 

pore water solubilization, thermal decomposable salts, ambient pressure drying, 

flattening agent, extinction index, film transmittance index 
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摘要 

二氧化硅气凝胶因其优异的性能广泛应用于各个行业，成为多孔材料研究

的热点之一。然而，工业化生产时往往受限于干燥技术，主要的影响因素包括

成本、生产效率、安全性和对环境的影响程度等。本工作开发两种方法来解决

这些问题。 

第一种方法采用一种可变换亲水溶剂(SHS)溶解于二氧化硅水凝胶的间隙

中，之后将间隙中的水萃取出来，其中二氧化硅水凝胶采用加压碳化溶胶-凝胶

过程制得。引入常压 CO2与该 SHS 反应，发现快速反应（反应时间 1 分钟）就

能使滤液内水的最大溶解度达到 72.8 %。滤液是单相溶液，并可以循环使用。

滤渣是二氧化硅湿凝胶，可用常压干燥得到二氧化硅气凝胶。用氮气吸附-脱附

仪测试可知，该气凝胶产品具有较大的比表面积（414.1-507.8 m
2/

g）和孔容

（2.3-2.6 cm
3
/g）及很窄的粒径分布（D50=6.2-7.2 μm）。这些指标表明该产品很

适合用于涂料消光剂。检测表明用于油性涂料中消光率达到 61.7 %，透光率达

到 78.3 %；水性涂料中消光率达到 52.8 %，透光率达到 86.1 %。该消光剂的性

能指标均比同等条件下检测的市售二氧化硅效果好。另外，回收的含有 6.2 %水

的该 SHS 可用于再次制备气凝胶二氧化硅。整个过程简单、快速，结合资源化

利用 CO2生产水凝胶二氧化硅工艺，有望实现二氧化硅气凝胶的工业化生产。 

第二种方法考虑采用可实现热分解的盐进行二氧化硅气凝胶的干燥，同样

使用加压碳化法生产的二氧化硅水凝胶。实验尝试了几种盐，发现一种盐适合

于制备干燥获取二氧化硅气凝胶。该盐在水中具有很高的溶解性，同时由于其

可以通过质子溶剂沉淀出来，从而实现良好的干燥过程。在干燥中，孔道内结

晶的盐加热分解，使二氧化硅保持孔道结构。考察的参数包括水凝胶浓度(0.25-

1.0 mol/L)、盐溶液浓度(9.1-33.3 w/w%)、搅拌时间(15-120 分钟)及不同的质子

溶剂。研究获得最合理的条件为：水凝胶浓度 0.5 mol/L、盐浓度 28.6 w/w%、

30 分钟搅拌和采用异丙醇做溶剂。虽然过程没有加入表面改性剂，但干燥后二

氧化硅气凝胶的比表面积达到 667.7 m
2
/g，孔容达到 3.2 cm

3
/g 及很窄的粒径分

布（D50=6.5-7.0μm）。通过氮气吸附-脱附分析，XRD 衍射，傅里叶光谱分析及

热重分析对产品进行表征，用 SEM 和 TEM 确认其孔结构。产品通用用于涂料

消光剂，其在水性涂料中消光率为 58.7 %，透光率为 86.5 %；在油性涂料中消
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光率为 65.2 %，透光率为 96.2 %，结果均优于市售的二氧化硅消光剂。这些优

秀的性能主要得益于二氧化硅产品的孔容和粒径分布。 

关键字：二氧化硅，可变换亲水溶剂, 硅酸钠，二氧化碳，增溶剂，热分解盐，

常压干燥
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ABBREVIATIONS AND SYMBOLS 

APD    ambient pressure drying 

SCD    supercritical drying 

TMOS    tetramethoxysilane 

TEOS    tetraethoxysilane 

HMDS    hexamethyldisilazane 

TMCS    trimethylchlorosilane 

SHS    switchable hydrophilicity solvent 

Na2SiO3   sodium silicate  

EtOH     ethanol 

MeOH    methanol 

TDS     thermal decomposable salts  

ODT    onset decomposition temperature 

BET     Brunauer–Emmett–Teller 

BJH     Barrett–Joyner–Halenda 

SEM     scanning emission microscopy 

PSD     pore size distributions 

TEM    transmission emission microscopy 

XRD    X-ray powder diffraction 

TGA    thermogravimetric analysis 

FTIR    Fourier transform infrared 

Ei    extinction index 

FTi    film transmittance index 

FA     flatting agent 

Tc    critical temperature 

Pc    critical pressure 

Pcap    capillary pressure 

D50    mean particle size distribution 

nm    nanometer 

μm    micrometer 

h    hour 

min    minute(s) 
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