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Abstract: The application of solvent method in the preparation of polypropylene powders was 

investigated, including the influence of various technological conditions, such as the raw material 

melt index of polypropylene, processing temperature, dosage of the solvent and the packing 

pressure. The experimental data show that using solvent method can effectively produce 

polypropylene powder, and the optimal technological conditions are: melt index of polypropylene 

being about 17.8 g/10min, processing temperature being about 166.0 ℃, dosage of the solvent being 

about 0.067g/ml and the packing pressure being about 0.7MPa.Under this technological conditions, 

polypropylene powder with excellent sphericity could be prepared, the apparent density of powder 

can reach 0.40 g/cm3 and the prepared powder displayed a narrow size distribution with the mean 

size of about 42.7 µm. 
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1. Introduction 

Selective laser sintering (SLS) is a widespread additive manufacturing technology in which a 

three-dimensional object is created layer by layer from heat-fusible powdered materials with heat 

supplied from a moving laser beam[1-4]. Comparing with other additive manufacturing 

technologies, one of the main advantages associated with SLS is material versatility. The dominance 

of polymeric materials, relative to metals and ceramics, is their ease of processing at relatively modest 

temperatures. This permits lower laser energy to be employed by SLS than are required to directly 

sintering with metals and ceramics. Although in theory any polymer available in powder form can 

be processed by laser sintering, only a few polymer powders can be used for manufacturing parts 

with high mechanical properties, surface quality and accuracy[5-9]. According to viscous sintering 

mechanism, it is difficult to produce fully dense SLS parts from amorphous polymers because of the 

high viscosity above glass transition temperature. For crystalline polymers, the part bed temperature 

can be kept near melt point, that fully dense parts can be produced because the powders under the 

laser heating can be melted completely[10,11]. In SLS process, amorphous polymers like 

polycarbonate (PC) and polystyrene (PS),have been used to create models, patterns and parts for 

investment casting applications, while crystalline polymers, like polyamide, have been used to 

produce functional parts which have fully dense and good mechanical properties. Polyamide 12 

(PA12) is certainly the most widely used laser sintering materials at the present time[12-13]. However, 

the price of PA12 powders is very high leading to the high SLS fabrication cost, so there is a need to 

develop a much cheaper polymer powders[14].  

Polypropylene(PP) is the most common semi-crystalline polymer extensively applied in many 

fields due to its low cost and good material performance such as a relatively low density, superior 

mechanical properties, high temperature resistance, corrosion resistance, good electrical properties 

and chemical stability[15-17]. The aim of this paper is to investigate the production of laser sintering 

PP powders with appropriate particle size and spherical morphology. PP powders produced by 

cryogenic grinding show poor powder flowability, low packing density, unfavorable particle 

morphology and inappropriate particle size distributions[18-19]. This paper uses dissolution-

precipitation to produce PP powders. Dissolving PP in a suitable solvent at a high temperature, then 
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by changing the temperature or adding second kinds of non-solvent PP will precipitate as 

powders[20-21]. By controlling suitable process conditions, nearly spherical PP particles with 

appropriate particle size could be prepared. 

 

2. Materials and Methods 

2.1 Materials preparation 

Polypropylene resin (grades: SK3500, SD233CF, RP707CF, SA233CF, HJ730, T30S, eps30r) was 

used for the experiment. The solvent was xylene (containing 99.0% xylene, 0.1% benzene and 0.1% 

methylbenzene) which was obtained from Tianjin Fuyu Fine Chemical Co.,Ltd.(Tianjin,China). 

The dissolution-precipitation procedure for the polypropylene powders was as flows. 

Polypropylene resin and a solvent were added to a 1-L high-pressure reactor. The oxygen was 

pumped out, and kept the pressures in the range of 0~1.1MPa by adding nitrogen. The mixture was 

stirred when the temperature reached 155℃~185℃ for 1 h. Then, stirring was stopped and the 

mixture was cooled at the rate of 0.5℃/min to 120℃ until polypropylene began to precipitate. The 

temperature was maintained at 120℃ until the precipitation was complete (within 30min), and when 

the temperature was cooled to room temperature, the products were removed, and the solvent was 

filtered. 

2.2Morphological Analysis 

The melt index of different grades of polypropylene were determined with a FR-1811A melt flow 

indexer manufactured by Shanghai Ruifa Instrument Technology Co., Ltd.(Shanghai, People’s 

Republic of China), according to the ASTM D1238-98 standards. The apparent density of 

polypropylene powders were tested with a XBM-100 apparent density analyzer constructed by 

Chengde Jingmi Testing Machine Co.,Ltd.(Chengde, People’s Republic of China), according to the 

GB/T 1636-2008 and GB/1636 standards. The size distribution and mean diameter of the powders 

were measured with a Winner-2000 laser light scattering technique at room temperature, which was 

manufactured by Jinan Winner Particle Instruments Stock Co.,Ltd.(Jinan, People’s Republic of 

China), according to the GB/T 19077.1-2008 standards. The spherical degree of the powders were 

observed with a XD-202 optical microscopy by Nanjing Jiangnan Novel Optics Co.,Ltd.(Nanjing, 

People’s Republic of China). The morphologies of the powders were examined with a JSM-

5510LVscanning electron microscope at operating voltages below 20 KV. 

2.3 Thermal Analysis 

The melting and cooling behavior of polypropylene powders were studied with a Netzsch (Erich 

NETZSCH GmbH & Co., Germany) 200F3 differential scanning calorimetry. The heating rate was 

10.0℃/min from room temperature to 220℃; then, cooling was performed at the same rate under the 

protection of nitrogen. The decomposition behavior was studied with a Netzsch (Erich NETZSCH 

GmbH & Co., Germany) 209F3 thermogravimeter. The heating rate was 20.0℃/min from room 

temperature to 500℃ under the protection of nitrogen. 

3. Results and Discussion 

3.1.The effects of melt index of PP on preparation of powders 

Bulleted lists look like this:In order to study the influence of melt index of different PP on 

preparation of powder, we use different grades of polypropylene to measure the melt index and 

prepare powder. 

Table І.The effects of melt index of PP on preparation of powders 
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As show in Table І, the grades of polypropylene T30S, SA233CF, RP707CF, SD233CF are 

impossible to prepare powder with solvent method, the product is sol or small block and it’s hardly 

possible to separation. The grade K3500 can prepare powder, but the product is difficult to separation 

and need to add alcohol to extract, so the solvent xylene could not reused directly. The grades of 

polypropylene HJ730 and eps30r can prepare powder, the products are easy to be separated and after 

drying it can be milled to powder. The experiment shows that after a low melt index PP dissolved 

the product is sol or slug, and when a large melt index PP dissolved, the product is powdery and 

easy to separate. This is because the melt index can influence the surface tension of the powder 

particles, the lower the melt index, the greater the molecular weight, the agglomeration between PP 

particles will be more apparent and easier to group together; however, the larger the melt index, the 

smaller of the molecular weight, which will lead the sintering parts performance of prepared 

powders to be worse. Therefore, we select the HJ730 as a raw material for the preparation of 

polypropylene powder, which’s melt index is 17.78 g/10min. 

3.2. The effects of processing temperature on the characteristics of the powder 

Preparation of polypropylene powder with solvent method actually is a process that polymer 

dissolved by heating, which need to go through three stages: heating, constant temperature, cooling. 

The processing temperature will influence the dissolution process of the polypropylene resin, which 

can affect the apparent density and the average particle size of prepared powder. At lower 

temperature, the resin particles partially dissolved, so the average particle size of powder is large, 

and the gap between the powder particles will become large when they accumulated be free, and the 

apparent density will be small; at higher temperature, the resin particles completely dissolved, the 

average particle size is small, and the internal density will decreased, so the apparent density of the 

prepared powder will reduce; only at a suitable temperature, most of the resin dissolved, and the 

remaining undissolved portion acts as a nucleating agent in the crystallization process, so the 

distribution of average particle size of prepared powder will be suitable and the apparent density of 

the powder at this time will be relatively large. 

The effects of processing temperature on the characteristics of powder is shown in Figure 1, 

which shows the apparent density and the average particle size of the powder relative to the 

processing temperature from 160.0 ℃ to 185.0 ℃, given that the melt index of the raw material is 

17.8 g/10min. As the processing temperature increases from 160.0 ℃  to 185.0 ℃ , the apparent 

density of the powder increases first, then decreases, and towards stability at last, but the average 

particle size of the powder dramatically decreases. When the processing temperature is 166.0 ℃, the 

apparent density of the powder is 0.29 g/cm3 and the average particle size is 72 μm. As shown in 

Figure 5 (c) and (d), the surface morphology of prepared powder is coarse, and there were many 

cracks and pores. 

Grades Melt index（g/10min） Experimental result 

T30S 6.0 Sol, hardly possible to separation 

SA233CF 8.1 Sol, hardly possible to separation 

RP707CF 8.9 Small block 

SD233CF 10.0 Small block 

K3500 11.1 Powdery, difficult to separation 

HJ730 17.8 Powdery, easy to separation 

eps30r 34.0 Powdery, easy to separation 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 June 2018                   doi:10.20944/preprints201806.0400.v1

http://dx.doi.org/10.20944/preprints201806.0400.v1


 4 of 10 

 

 

Figure 1.Plots of average particle size diameter and apparent density of polypropylene powders vs 

processing temperature 

3.3. The effects of dosage of solvent on the characteristics of powder 

The effects of dosage of the solvent on the characteristics of powder is shown in Figure 2, which 

shows the apparent density and the average particle size of the powder relative to the dosage of 

solvent from 0.033 g/ml to 0.083 g/ml, given that the melt index of the raw material is 17.8 g/10min, 

the processing temperature is 166.0 ℃.As the dosage of solvent increases from 0.33 g/ml to 0.83 g/ml, 

the apparent density of the powder increases first and then decreases, the average particle size of the 

powder dramatically increases. When the dosage of solvent is 0.067 g/ml, the apparent density of the 

powder is 0.37 g/cm3 and the average particle size is 65 μm. As shown in Figure 5 (c) and (d), the 

surface morphology of prepared powder is smooth, good spherical and there were a small amount 

of cracks and pores. If   continuing to increase the dosage of solvent, the apparent density of the 

powder will decrease, and the average particle size will increase; if the dosage of solvent reduced, 

the average particle size of the prepared powder can be reduced, but the amount of xylene in the unit 

mass of prepared powder will increase, which will improve the production cost. 

 
Figure 2. Plots of average particle size diameter and apparent density of polypropylene 

powders vs dosage of solvent 
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3.4The effects of packing pressure on the characteristics of powder 

The effects of packing pressure on the characteristics of powder is shown in Figure 3, which 

shows the apparent density and the average particle size of the powder relative to the packing 

pressure from 0 MPa to 1.1 MPa, given that the melt index of the raw material is 17.8 g/10min, the 

processing temperature is 166.0 ℃, and the dosage of solvent is 0.067 g/ml. As the packing pressure 

increases from 0 MPa to 1.1 MPa, the apparent density of the powder increases first and then towards 

stability, the average particle size of the powder dramatically decreases. When the packing pressure 

is 0.7 MPa, the apparent density of the powder is 0.40 g/cm3 and the average particle size is 42 μm. 

As shown in Figure 5 (e) and (f), the surface morphology of prepared powder is very smooth, good 

spherical and there were only a few of cracks and pores, which is consistent with the requirement of 

selective laser sintering for powder materials. And excessive pressure will increase the cost of the 

preparation process, and also less secure, so the packing pressure chosen 0.7MPa. 

 
Figure 3. Plots of average particle size diameter and apparent density of polypropylene 

powders vs packing pressure 

3.5 Characteristics of the powder 

A proper particle diameter and distribution are necessary for SLS. In previous studies, a particle 

diameter of 20~60 μm was found to be ideal. If it is smaller than 20 μm, spreading the powder 

becomes difficult; if it is larger than 60 μm, the precision of the SLS parts and sintering characteristics 

deteriorate. Figure 4 shows the particle diameter distribution curves of polypropylene powders 

prepared on different conditions. According to Figure 4(a), the average diameter of the powders 

prepared on 166.0 ℃ was 72μm, and the distribution was wide; only 20.0% of the particles were 

smaller than 60 μm, most larger than 60 μm. The powders prepared on 166.0 ℃ and the dosage of 

solvent is 0.067 g/ml are shown in Figure 4(b), the average diameter was 65 μm, about 50.8% of the 

particles were smaller than 60 μm. The powders prepared on 166.0 ℃, the dosage of solvent is 0.067 

g/ml and the packing pressure is 0.7 MPa exhibited a narrow particle diameter distribution, as shown 

in Figure 4(c), with an average particle diameter of 42 μm. 2.0% of the particles were smaller than 20 

μm, and 6.0% were larger than 60 μm.  
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Figure 4. Particle diameter distribution curves of polypropylene powders prepared on different 

conditions: (a)processing temperature 166.0℃ ;(b) processing temperature 166.0℃and dosage of 

solvent 0.067g/ml; (c) processing temperature 166.0℃ , dosage of solvent 0.067g/ml and packing 

pressure 0.7MPa. 

3.6 Morphology of the powder surface 

Scanning electron microscopy (SEM) images of powders prepared on different conditions are 

shown in Figure 5. According to the comparison of (a), (c), (e) and (b), (d), (f), we can know that the 

preparation conditions have great influence on the morphology of the powders. By changing the 

conditions, the particle size become smaller, the distribution become narrow and the surface turn into 

smoother, there were fewer cracks and pores.  
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Figure 5. SEM micrographs showing the surface of polypropylene powders prepared on 

different conditions: (a,b)processing temperature 166.0℃ ;(c,d) processing temperature 

166.0℃and dosage of solvent 0.067g/ml; (e,f) processing temperature 166.0℃, dosage of 

solvent 0.067g/ml and packing pressure 0.7MPa. 

 

3.6 Thermal properties 

DSC measurements are performed to study the thermal behavior, suitability, and processing 

behavior of polypropylene powders. The result of the DSC test for the polypropylene powders 

prepared on 0.7 MPa, 166.0℃ and the dosage of solvent is 0.067 g/ml is illustrated in Figure 6. From 

the heating curves, we can observe that there has one peak, the polypropylene powders began to melt 

at 177.1 ℃, and ended at 185.9 ℃, the melting point is 182.3 ℃; by comparing the cooling curves, we 

can obtained the crystallization process of the polypropylene powders, it begins at 151.3 ℃ and ends 

at 157.6 ℃, the crystallization temperature was 154.5 ℃. Theoretically, the sintering temperature 

window is the range of temperatures within which the polymer powder begins to melt and the melt 

begins to crystallize. The theoretical sintering temperature window (ΔT0) can be calculated with the 

flowing equation: 

ΔT0 = Tim—Tic (1) 

(a) (b) 

(c) (d) 

(e) (f) 
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Where Tim is the initial melting temperature, Tic is the finished crystallization temperature. 

Form the analysis of DSC result, we can know the available sintering window of the polypropylene 

powders is from 157.6 ~177.1 ℃, and it’s large enough for SLS. 

Figure 7 shows the thermogravimetry (TG) curves of the polypropylene powders prepared on 

0.7 MPa, 166.0℃ and the dosage of solvent is 0.067 g/ml. The initial degradation temperature was 

323.4 ℃. The decomposition temperature for 20 percent weight loss of the powder is 389.8℃ and the 

99.26% mass loss for the powder at 459.2 ℃. 

 

Figure 6. DSC result of polypropylene powders prepared 0.7MPa, 166.0℃and the dosage of solvent 

is 0.067g/ml 

 

Figure 7. TG curves of polypropylene powders prepared 0.7MPa, 166.0℃and the dosage of solvent is 

0.067g/ml 

5. Conclusions 

A dissolution-precipitation process has been a good method to produce PP powders for 

applications in SLS. This research uses different melt index polypropylene as raw materials to 

produce powders, also, the influences of processing temperature, dosage of the solvent and packing 

pressure are examined.  

By experimenting different conditions, the optimal technological conditions are:  processing 

temperature being about 166.0 ℃, dosage of the solvent being about 0.067 g/ml and the packing 
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pressure being about 0.7 MPa. Under this technological conditions, the apparent density of the 

powders can reach 0.40 g/cm3, the particle diameter distribution is narrow and the average particle 

diameter is 42 μm, the surface morphology of prepared powder is very smooth, good spherical and 

there were only a few of cracks and pores, which is consistent with the requirement of selective laser 

sintering. 
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