
2017 World of Coal Ash Conference 
 

Development of the Fracturing Proppant with 
Low Density and High Strength Using High 

Alumina Fly Ash 
 

Shuqiang Ding, Guanghui Gao, Jinder Jow, Shih-yaw Lai 
 
National Institute of Clean-and-low-carbon Energy (NICE), P.O. Box 001 Shenhua NICE, 
Future Science & Technology City, Changping District, Beijing 102209, China  
 
KEYWORDS: high-alumina fly ash, fracturing proppant, bauxite, sintering 
 
ABSTRACT  
 
High-alumina (Al) fly ash, typically defined to be comprised of greater than 35% alumina, 
is considered as a valuable resource as a potential replacement to bauxite for making 
aluminum, refractory materials, and proppants, etc. The performance requirements and 
process to make proppants are introduced. This paper presents the recent development 
of the low density, high performance proppants using high Al fly ash at NICE. The low 
density proppant developed by NICE using high Al fly ash exhibits properties at least 
equal or better than commercial available bauxite-based products. This new fly-ash-
based technology has many advantages in comparison with the conventional bauxite-
based technology: 1) more energy-saving (no need to crush and calcine bauxite and 
lower sintering temperature) than that of the conventional process, and 2) greener raw 
material since the composition has more than 80% high Al fly ash. This new proppant 
material technology has been validated and been successfully produced by a 
commercial scale proppant manufacturing in China. 
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INTRODUCTION 
 
China’s energy resources are a predominantly coal based structure. According to the 
Chinese National Bureau of Statistics in 2010 for the fossil-based energy reserves, 
China generates 95.4% of its energy from coal, 2.2% from oil and 2.4% from natural gas. 
For the past 30 years, fly ash volume in China has significantly increased due to the 
country’s fast economic development and growing energy demands. China has become 
the largest coal-producing and consumption country in the world and generated more 
than 50% fly ash in volume globally. Due to significant coal-combustion incurred 
environmental issues and the urgent needs of changing to a cleaner energy structure in 
China; the State Council has set the limit of coal consumption no more than 4.2 billion 
tons in 2020. This implies that the total fly ash volume will not likely exceed 600 million 
tons in 2020. Figure 1 shows the annual fly ash production and utilization from 2000 to 
2015 in China and the predicted values in 2020[1].  
 

 
Figure 1 Annual fly ash production and utilization from 2000 to 2015 in China 
and predicted values in 2020 

 
Among an estimated 112 billion tons of Chinese coal reserves, China has a proven 
reserve of high alumina coal about 32 billion tons (~ 28% of the total coal reserve), 
mostly located in northern Shanxi province and mid-west Inner Mongolia regions. 
Currently, the annual production of high Al fly ash by burning high Al coal in China is 
about 25 million (<5% of the total fly ash) with the utilization rate less than 20%. The 
accumulative disposed volume of high Al fly ash has reached 150 million tons.  
 



China also has a proven bauxite reserve volume of 830 million tons, ranks in the 9th 
place worldwide. China has produced more than 44 million tons from its bauxite mine 
since 2010. The consumption of bauxite in China has reached to 100 million tons with 
more than 48% imported in 2013 [2]. It has about 80% used for aluminum industry, 15% 
for refractory materials, and 5% for ceramics and others, (however, there has been no 
fly ash based commercial proppant reported so far) [3].   
 
High Al fly ash, typically defined to have alumina more than 35%, is considered as a 
valuable resource as a bauxite replacement to extract alumina. The extraction process 
of high Al fly ash, either by an acidic or basic method, produces other by-products 
(about 3 – 8 times in volume) which require additional technologies to convert these by-
products into useful products. Otherwise, it will cause other environmental issues. Even 
though the overall economy is challenging, aluminum extraction from high Al fly ash is 
strategically regarded as national resources since China is not a bauxite-rich country.  
 
Another potential opportunity is to utilize high Al fly ash to directly replace bauxite to 
make refractory materials, fracturing proppants, etc. The focus of this paper is to 
present the development of the fracturing proppants with low density and high strength 
using high Al fly ash at NICE as a subsidiary of Shenhua Group. This paper 
demonstrates that the use of high Al fly ash as the raw material to directly replace 
bauxite to make proppant in the conventional bauxite-based commercial process is 
feasible. 
 
FRACTURING PROPPANTS FOR WELLS OF OIL AND NATURAL GAS 
 
Fracturing proppants are the solid particles used to support the channel formation of 
fractured rock using the hydraulic fracturing technique to let the subterranean oil and 
gas flow through the cracked channel in the process of producing oil, natural gas or 
shale gas. The desired properties of fracturing proppants are high crush strength, low 
apparent density, good acid erosion resistance, high sphericity and high flow 
conductivity to increase the gas output and exploitation rate. Depending on the size and 
capacity of each well, each well can consume up to 1000 tons proppants.  In 2013, the 
global market for proppant is about 7.4 billion USD with 30% share for high performance 
low density proppant - about 2 million tons [4]. It is expected to grow to 4 million tons for 
high performance low density proppant in 2020 – 2025. The market trend for the 
hydraulic fracturing technology is to use less chemicals so it needs higher crush 
strength and lower density proppant, such as crush rate at 52 MPa and apparent 
density less than 3.00 g/cm3 or bulk density less than 1.65. 
 
Two conventional processes to make proppants are electrical melting and sintering 
processes. The electrical melting process is a simple process but has low yield, high 



energy consumption and high pollutant outputs. The sintering process is the main 
industrial process which is more complex process but has higher yield, lower energy 
consumption, and lower pollution. The steps of the sintering process include the 
crushing, calcination, mixing and grinding, pelletization (to form the green pellets), 
drying, screening for the suitable size, sintering, and screening for suitable size, and 
pack for sale.  
 
Various standards for performance requirements of proppants include international 
standard ISO 13503-02, US standard API RP60 in US, and Chinese standard SY/T 
5108-2014 based on ISO 13503-02. Table 1 is the list of the performance requirements 
in the Chinese proppant standard, SY/T 5108-2014. 
 

Table 1. Chinese Standard SY/T 5108-2014 for low density 20/40 proppants 

Properties/Samples Chinese 
SY/T  

5108-2014 
Sieve Analysis(wt%) 

U.S. Mesh µm 

16 1180 ≤0.1 

20 850 ≤7 
25 710 

≥90 
30 600 
35 500 
40 425 
50 300 ≤1 

Pan  

Crush rate at 52 Mpa (7,500 Psi) ≤9.00% 

Bulk Density (g/cm3) ≤1.65 

Apparent Density (g/cm3) ≤3.00 

Roundness ≥0.70 
Sphericity ≥0.70 

Acid Solubility (by weight) ≤7.0% 

Turbidity (NTU) ≤100 
 
The fracturing proppants can be classified based on size, material types (natural and 
man-made), density, and crush strength. The size range of proppants is from 8 to 140 
meshes (2.36 mm - 106 µm). The size classification has 12/20 mesh (840 - 1680 µm), 



16/20 mesh (840 – 1180 µm), 16/30 mesh (600 – 1180 µm), 20/40 mesh (420 - 840 µm), 
30/50 mesh (300 – 600 µm), 40/60 mesh, 40/70 mesh (212 - 420 µm), 70/140 mesh 
(106 - 212 µm) etc. The most common and frequently referred size is 20/40 mesh.  The 
proppant classification based on material type, density and crush strength with the 
demonstrated properties in this paper (target) are listed in Table 2. 
 
Table 2 Various material type in density and crush strength ranges 

Bulk/apparent density 
Crush strength� 

Ultra low 
<1.35/<2.35 

Low 
1.35-1.65/2.35-3.0 

Medium 
1.65- 1.8/3.0 – 3.35 

High 
>1.8/>3.35 

Low: 28 MPa Nut shell Quartz sand   
Mid: 52 MPa  target Ceramics  

Mid High: 69 MPa   Ceramics Ceramics 
High: 86 MPa    (resin coated) 

Ceramics 
Ultra High: 103 MPa    resin coated 

Ceramics 
  
DEVELOPMENT OF HIGH AL FLY ASH-BASED PROPPANTS AT NICE  
 
How to use high Al fly ash to make low density high performance proppants is of 
economical as well as social importance due to lower raw material cost and reuse of 
industrial wastes (fly ashes). NICE has developed a unique proppant formulation having 
more than 80% high Al fly ash. The proppants made by the innovative NICE process 
using high Al fly ash as shown in Figure 2 have the following advantages in comparison 
with bauxite as raw material and produced in the conventional sintering process: 
 
● Low material cost due to using high Al fly ash without bauxite 
● Green product, using at least 80% fly ash 
● Low energy consumption process due to no raw material crushing/calcining and low 

temperature sintering 
● Long life due to lower density high crush strength  
 
Table 3 compares the density and crush rate at 52 MPa of 20/40 mesh commercial 
proppants made by 2 competitive companies against the NICE-made proppants. The 
data show NICE proppant has lower density and lower crush rate. Figure 3 shows the 
similar spherical shapes of these 3 samples under SEM images. 
 



 
Figure 2 Comparison between Conventional and Innovative NICE processes 

 
Table 3. Comparison of 20/40 commercial and NICE-made proppants tested at NICE 

20/40 mesh Proppant Bulk density 
(g/cm3)  

apparent density 
(g/cm3) Crush@52MPa 

Competitive A 1.61 2.87 7.18% 
NICE 1.53  2.66 2.52% 
Competitive  B 1.54 2.67 5.00% 
 

 
Figure 3 SEM image comparison between Conventional and NICE-made proppants 

 
The NICE-made proppant and two commercial proppants made by these 2 competitive 
companies were also tested by Stim Lab (Duncan, Oklahoma). The results from the 
Stim Lab are listed in Table 4.  The results show NICE-made proppants have slightly 



lower density at the similar crush rate and have much lower acid solubility. 
 
Table 4. Comparison between commercial and NICE proppants tested by Stim Lab 

Properties/Samples 

Chinese SY/T  
5108-2014 

NICE 
20/40 

Competitive 
A 

20/40 

Competitive 
B 

20/40 

Sieve Analysis(wt%) 

US mesh µm 

16 1180 ≤0.1 0.0 0.0 0.0 
20 850 ≤7 1.1 0.0 2.5 
25 710 

≥90 
20.1 33.6 24.7 

30 600 54.1 60.5 48.0 
35 500 24.2 5.8 21.6 
40 425 0.4 0.1 3.0 
50 300 ≤1 0.0 0.0 0.1 

Pan  0.0 0.0 0.0 
Crush rate (% fines)     
7,500psi （52 MPa) <9.00% 2.70% 2.4% 2.3% 
10,000psi(68 MPa) - 6.80% 5.7% 6.1% 
Bulk Density(g/cm3) ≤1.65 1.58 1.59 1.56 
Apparent Density(g/cm3) ≤3.00 2.70 2.87 2.84 
Roundness ≥0.70 0.8 0.7 0.8 
Sphericity ≥0.70 0.8 0.8 0.8 
Acid Solubility ≤7.0% 3.4% 6.1% 6.2% 
Turbidity(NTU) ≤100 52 26 120 

 
The unique formation of NICE fly-ash-based proppants has been scaled up from the lab 
and made by the industrial bauxite-based proppant-making process by an externally 
contracted manufacturer. This scale-up trial demonstrates that the NICE proppant 
formulation using more than 80% high Al fly ash can successfully make high 
performance low density proppants. The trial made 70 tons of low density proppant and 
50 tons of ultra-low density proppant by only adjusting processing variables with their 
density and crush strength, meeting Chinese SY/T 5108-2014 and customer 



requirements as shown in Table 5. This trial demonstrates that the direct use of high Al 
fly ash to replace bauxite to make proppant is feasible. Our next step is to conduct oil or 
gas well trial. 
 
Table 5. 20/40 low density and ultra-low density NICE proppants tested externally 

20/40 mesh Proppant Bulk density 
(g/cm3)  

Apparent 
density (g/cm3) Crush@52MPa 

SY/T 5108-2014 ≤1.68 ≤3.00 ≤9% 
NICE low density 1.48 2.67 7.6% 

Customer requirements ≤1.35 ≤2.35 ≤20% 
NICE ultra-low density 1.33 2.34 9.8% 

 
CONCLUSIONS  
 
Below is the list of conclusions from this paper: 
1. This paper demonstrates the viability of fabricating fracturing proppants using solely 

high AI fly ash with >35% Al2O3 content without bauxite on a commercial scale.  
2. High Al fly ash derived fracturing proppants technology developed by NICE 

possesses several potential advantages -- such as lower cost, green product (using 
at least 80% fly ash), lower energy consumption and longer life than conventional 
bauxite-based processes. 

3. Industrial scale-up production of 70 tons and 50 tons of low density and ultra-low 
density proppants using unique NICE fly-ash-based formulation and processing 
technology were successful produced in China. The properties of proppants are in 
accordance with Chinese standard SY/T 5108-2014 and the customer requirements. 
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