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Utilization of Lithium Slag as An Admixture in Blended 
Cements: Physico-mechanical and Hydration Characteristics

TAN Hongbo1, LI Xiangguo1*, HE Chao1, MA Baoguo1, BAI Yun2, LUO Zhongtao3

(1. State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China; 2. Department of 
Civil, Environmental& Geomatic Engineering, University College London, London WC1E 6BT, the United Kingdom; 3. School of Materials 

Science and Engineering, Zhengzhou University, Zhengzhou 450052, China)

Abstract: Physical and mechanical properties variations of lithium slag were systematically investigated 
by three different ways such as physical, chemical activation, physical-chemical combined activation. 
Mechanisms of the cementitious properties and hydration process of lithium slag composite cement were 
studied by XRD and SEM. The results showed that specifi c surface area increased from 254 to 700 m2/kg while 
median particle size decreased from 14.97 to 8.45 um with the increase of grinding time. Physical, chemical 
activation and combined activation improved the strength and hydration degree of lithium slag composite 
cement. Compared with original lithium slag, the fl exural strength and compressive strength of mortars were 
improved signifi cantly with the increase of grinding time. A higher strength of the cement with the lithium slag 
was attained; The sample with 10% lithium slag got the highest strength when the grinding time was 10 min; 
the compressive strength was higher than OPC at 28 days, which increased by 12.3%. When the Na2SO4 content 
was 0.6%, the compressive strength increased by 1.4%; when the Al2(SO4)3•18H2O content was 0.4%, the 
compressive strength increased by 5.8% at 28 days. Compared with the late strength, the improving degree of 
early strength was larger with the incorporation of activator. The results of XRD and SEM were consistent with 
the results of mechanical properties; it is also evident that lithium slag composite cement hydration products 
were mainly AFt, Ca(OH)2 , CaSO4•2H2O, and C-S-H gel.
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1  Introduction

Lithium slag is the by-product during the 
production of lithium carbonate based on sulfuric acid 
method after the spodumene ore has been calcined at 
the high temperature of 1 200 ℃ and the industrial 
waste discharged after leaching, fi ltration and washing 
of lithium carbonate. With the rapid development of 
lithium salt industry, the emission of lithium slags 
increases drastically. They take up a lot of land, causing 
huge environmental problems, but also a waste of 
resource. How to treat and reuse lithium slags safely 

has become society and environment problem that 
needs to be urgently resolved.

L i th ium s l ags  a r e  ma in ly  composed  o f 
amorphous silica (usually more than 50%), alumina, 
and calcium oxide, which are quite similar to those 
of complementary cementitious materials such as 
granulated blast-furnace slag (GGBFS), pulverized 
coal fly ash (PFA)[1,2].  So they can be used as 
admixture instead of cement[3,4], or used in the concrete 
industry[5-8], which is indirectly beneficial for the 
environment because of the reduction of CO2 emissions 
associated with the manufacture of Portland cement 
clinker. Various studies have investigated different 
ways to make use of this kind of slag. Li Chunhong[9] 
uses lithium slag in cement clinker, mixed materials, 
concrete, and got a good effect in his investigation. 
Zhang Lanfang[10] shows that lithium slag can replace 
a part of cement in concrete and improve the strength 
of concrete; applying lithium slag along replacing 
cement can make high-strength pumping delivered 
concrete whose compressive strength of 28 days is 
more than 100 MPa; it is very excellent in antifreezing 
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performance if the concrete is mixed with lithium 
slag. Chen jianxiong[11] indicates that adding 15% 
lithium slag can obviously improve the fluidity and 
the compressive strength of concrete. However, the 
disadvantages of lithium slag such as coarse particles 
and low activity of the early age hinder the further use 
of lithium slag.

For weaknesses of the utilization of lithium 
slag, we used some activation methods such as 
physical grinding, chemical activation, physical-
chemical combined activation to improve the potential 
activity and utilization efficiency of lithium slag. In 
addition, the hydration characteristics of the blended 
cements with a combination of lithium slag were 
also investigated by means of SEM and XRD. The 
results can provide the basis for the safe and recycling 
utilization of lithium slag.

2  Experimental

2.1  Materials
Lithium slag was obtained from Xinjiang Lithium 

Salt Plant, China; The cement used in this research was 
ordinary Portland cement (OPC), with grade of 42.5, 
supplied by the Huaxin Cement Co. Ltd. The chemical 
compositions of lithium slag and cement are shown in 
Table 1.
2.2  Preparation of specimens

The lithium slag composite cement samples were 
prepared according to the methods as indicated in 
Table 3.
2.3  Test methods

The strength test was performed according to 
Chinese standard GB/T17671-2001 (equivalent to ISO 
679:1989) by using 40 mm × 40 mm × 160 mm prism 
molds. After the specimens were cured in the chamber 
at 20 ± 1 ℃ with relative humidity (R.H.) >90% for 
20-24 h, they were demolded and cured again in 20±1 
℃ water for 3, 7 and 28 days, respectively.

Isothermal calorimetric measurements were 
carried out on a TA Instruments TAM Air Calorimeter 
at 20 ℃. 

The chemical compositions of each sample 
were analyzed on an AXIOS advanced wavelength 

dispersive X-Ray fl uorescence spectrometer (WDXRF) 
by the fused disk method. Mineralogical compositions 
and microstructure were detected by X-ray diffraction 
(XRD) and scanning electron microscopy (SEM), 
respectively. The pastes were well mixed, and then 
cured in the>90%R.H. chamber at 20±1 ℃ until 
designated ages. Part of the hardened pastes were 
taken, then cracked and ground in an agate mortar with 
anhydrous alcohol till the entire pastes passed through 
a 0.08 mm sieve. After that the pastes were dried at 50 
°C for 24 h and then tested by XRD and SEM.

3  Results and discussion

3.1  Physical properties of lithium slag

Fig.1 and Fig.2 are the minerals and microstructure 
analysis results of lithium slag. It can be found from 
Fig.1 that lithium slag contains much SiO2 and gypsum, 
and there are some residual unreacted spodumenes for 
the reason of the formation of lithium slag. As shown in 
Fig.2, the dominant particles of lithium slag comprise 

Fig.2  SEM image of lithium slag (2 000×)
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mainly coarse, angular, fl aky, and drossy particles.
Table 2 shows the physical properties of ground 

lithium slag. It is indicated that with increase grinding 
time, the average particle size of the lithium slag 
decreases from 14.97 to 8.45 μm; when grinding time 
increases from 15 to 20 min, the average particle size 
of the samples decreases a little, but particles retained 
on a sieve of 45 um also become smaller; when the 
grinding time is 20 min, particles retained on a sieve 
of 45 um are 9.02%; it indicates that the particles of 
lithium slag are very fine. Meanwhile the specific 
surface area of lithium slag increases from 254 to 700 
m2/kg with increasing grinding time; it indicates that 
grinding can improve the lithium slag fineness and 
specifi c surface area effectively.
3.2 Strength characteristics analysis of 

blended cements
The grinding time and mixing amount of lithium 

slag, the type and content of activators and strength are 
shown in Table 3.

The strength of cement with traditional granulated 
blast-furnace slag (GGBFS) or pulverized coal fl y ash 
(PFA) (low in f-CaO and SO3) usually decreases with 
the increase of ash content in the cement-ash mixture 
due to the lower pozzolanic activity of the ash[12-14], 
which is usually considered to be inert in cement paste 
in the early age of curing. For example, compared 

with OPC, the compressive strength of FM0 at 3 
days decreased by 71.7%, but the strength at 28 days 
only decreased by 30.9%, which may be due to the 
participation of amorphous silica, alumina, and calcium 
oxide in the hydration reaction. Improvement of the 
fineness and better dispersion performance make the 
mortar structure more compact; fi ne particles are more 
favourable to the second hydration reaction; in this 
way, the strength improved signifi cantly. 

Compared with the samples (L10 to L50 (FM4)), 
the strength decreases significantly with the increase 
of the content of lithium slag, which is due to the 
reduction of the cement content in the mixture. It is 
found that when the content is no more than 20%, the 
compressive strength at 28 days is higher than that 
of OPC; the strength decreases when the content is 
over 20%, but the strengths of mortars at 28 days are 
comparable to that of OPC. The reasons are that: when 
a small amount of lithium slag (10%, 20%) is mixed 
with cement paste, fi rstly, it is considered to be inert in 
the early age, and does not participate in the hydration 
reaction basically, which makes the larger water-cement 
ratio and promotes the formation of gel to increase 
the strength; secondly, lithium slag contains gypsum, 
which promotes the active silica and active alumina to 
produce much more C–S–H (hydrated calcium silicate, 
the main carrier of strength in hardened cement) and 
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hydrated calcium aluminate[15,16].
With sample L20 as the base pattern, 0.4%-0.8% 

Na2SO4 and Al2(SO4)3•18H2O were added in the pastes. 
The results shows that when the Na2SO4 content is 
0.6% or the Al2(SO4)3•18H2O content is 0.4%, they get 
the best compressive strength. When they meet water, 
sulfate activators dissolve rapidly and produce many 
SO4

2 to promote the dissolution of active silica or 
alumina in the lithium slag; in this way, the strength 
has been improved[17-20]. When the mix amount of 
Na2SO4 is 0.6%, NS06 gets a 1.4% higher compressive 
strength than that of L20, and when the mix amount 
of Al2(SO4)3•18H2O is 0.6%, AS04 gets a 5.8% higher 
compressive strength than that of L20. Comparing the 
ages (3, 7, 28 d), we fi nd that the active effect of sulfate 
activator on lithium slag mainly reflects on the early 
ages (3, 7 d) strength[21].
3.3 Hydration heat of cement pastes

From the strength characteristics analysis of 
blended cements, we can see that grinding, sodium 
sulfate and aluminum sulfate can strengthen the 
hydration activity and improve the early age degree of 
hydration. This is the same conclusion as the analysis 
of hydration heat.

Fig.3 shows the rate of heat evolution of cement 
pastes with W/C of 0.32. Form the figure, we can see 
that the rate of heat evolution of FM2 was signifi cantly 
higher than that of FM0 which was ground for 10 min. 
It is to say that grinding can signifi cantly improve the 
hydration activity of blended cements. The hydration 
rate of NS04 and AS04 was significantly higher than 
that of L20, which reveals that sodium sulfate and 
aluminum sulfate can stimulate the early hydration 
activity of blended cement minerals. Comparing the 
L20, NS04 and AS04, the rate of heat evolution of FM0 
and FM2 is reduced and the exothermic peak is delayed, 
which reveals that lithium slag can delay hydration of 
blended cements and cut down the hydration heat. So 
blended cements with lithium slag can be used in mass 

concrete to prevent temperature cracks[22,23].
3.4 Hardened products microscopic analysis 
3.4.1 XRD analysis

Figs.4 (a) and (b) show the X-ray diffraction 
patterns of blended cements of some pastes after 3 and 
28 days, respectively.

It can be seen that the main hydration products 
in all the samples are Ettrigite (Ca6Al2 (SO4)3•32H2O, 
AFt), gypsum and portlandite as well as unhydrated C3S 
and C2S (Figs.4(a), 4(b)). At 3 days, because lithium 
slag contains gypsum and the added sulfate activator, 
which promote the hydration reaction between Ca(OH)2 
and active silica and alumina to produce much C–S–
H and AFt, L20, NS06, AS04 have higher AFt peak 
value and lower SiO2 and Ca(OH)2 peak value than 
that of OPC. Compared with NS06, AS04 has a higher 
AFt peak and lower SiO2 peak, which indicates that 
Al2(SO4)3•18H2O is more applicable to the activity of 
lithium slag, which is also demonstrated in the strength 
results. Compared with the XRD pattern of 3 days, 
the type of cement paste hydration products at 28 days 
have not changed much, but Ca(OH)2 and SiO2 are 
significantly reduced. This is due to the growth with 
age, which promotes the hydration reaction between 
Ca(OH)2 and active silica and alumina to produce more 
products such as C–S–H and AFt.
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3.4.2 SEM analysis
The SEM images of some pastes are presented in 

Fig.5.    

Fig.5 shows that more rod-like AFt crystals are 
detected in the pastes with composite lithium slag 
and sulfate activator at 3 days. Compared with the 
hydration pastes of OPC at 28 days, we almost do not 
see hexagon-shaped crystals Ca(OH)2 in L20, NS06, 
AS04 pastes obviously. Some rod-like AFt crystals 
interlude among the different particles and enhance the 
contacts of the solid phases, which contributes a lot to 
the material’s strength formation and illustrates that 
amorphous silica, alumina, and calcium oxide join the 
hydration reaction suffi ciently. 

4  Conclusions

Grinding can easily increase the specifi c surface 
area of lithium slag and compressive strength of 
blended cements. The compressive strength of blended 
cements with 50 wt% of lithium slag ground for 20 min 

is comparable to OPC at 28 days.
The strength decreases significantly with the 

increase of the content of lithium slag, while it is 
found that when the content is no more than 20%, the 
compressive strength at 28 days is higher than that of 
OPC, and the strength decreases when it is over 20%, 
but the strengths of mortars at 28 days are comparable 
to that of OPC. 

The addition of sulfate accelerates the early 
hydration of blended cements, which improves the 
lithium slag cement strength effectively, especially the 
early strength, significantly higher than that without 
adding activator. 
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