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Abstract: Fused deposition modeling (FDM) is the most widely used in three-dimensional printing (3D printing) field. 

As the main raw material for FDM, acrylonitrile-butadiene-styrene (ABS) has many excellent characteristics and evident 

price advantages. It is used in production and usually has certain special requirements, of which heat-resistance is the most 

common. This paper is intended to summarize the latest research status and achievements of FDM and the heat-resistant 

modifiers of ABS resin used for FDM. These researches are important in improving the whole properties expanding and 

enriching the applications of FDM 3D-printed ABS parts. This paper is aimed to give some help and references to the 

researchers who are specializing in 3D printing and polymer blending fields.
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Introduction

3D printing is a rapid prototyping technology where mate-

rials are stacked layer by layer and bonded into a solid entity. 

It is also known as additive manufacturing because of the pro-

cessing characteristics.1,2 It is difficult for traditional processing 

methods to accurately control the distribution of various mate-

rials, so only parts with relatively simple material distribution 

can be prepared. However, 3D printing technology can realize 

the controllable quantitative on-demand printing of various 

materials and produce special-shaped parts with different 

components and distributions. It has broad application pros-

pects in aerospace, special industry, medical engineering and 

other fields.3

Since the 1980s, under the high demand of the manufac-

turing industry, a variety of 3D printing methods have been 

invented, which can be roughly divided into several categories: 

stereo lithography apparatus (SLA), selective laser sintering 

(SLS), laminated object manufacturing (LOM) and fused depo-

sition modeling (FDM), etc.4 Among many 3D printing tech-

nologies, FDM is the most popular. A typical FDM printer 

schematic and products are shown in Figure 1.5 It is simple to 

operate and does not require the involvement of solvents or 

glue in the manufacturing process. Moreover, most FDM printing 

equipment requires small working size and has low require-

ments on the printing environment. The thermoplastic filament 

material is continuously fed into an extruder, where it is heated 

and melted into a highly viscous fluid. Subsequently, the melted 

material is extruded through the nozzle, and the pattern cal-

culated by the printer control software is deposited layer by 

layer on the heating table to finally realize the forming and 

manufacturing of parts.6,7 Although FDM has many advantages, 

the process has problems such as interlayer porosity, material 

anisotropy and poor interface bonding performance, which 

affect the appearance, quality, function and safety of the final 

product. Developing and researching new materials are the 
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key scientific problems faced by FDM molding technology in 

recent years.

Acrylonitrile-butadiene-styrene (ABS) material is a resin with 

high toughness, high strength, and easy processing, which is 

composed of acrylonitrile (AN), butadiene (BD) and styrene 

(St). As the second largest application material of FDM print-

ing, the development of ABS materials has driven the devel-

opment of 3D printing technology. However, problems such as 

warping cracking and poor thermal stability during printing 

have greatly limited the development of 3D printing technol-

ogy.8-10 In particular, the improvement of heat-resistance stability 

has become an urgent problem that needs to be solved through 

ABS material modification.11 The modification of ABS resin 

materials can be divided into physical modification and chem-

ical modification. Physical modification indicates that no chem-

ical reaction takes place, and the material properties are changed 

primarily through physical mixing, such as the melt blending 

method. Chemical modification refers to changing the prop-

erties of materials through various chemical reactions or intro-

ducing new functional groups.

In order to obtain better heat-resistant ABS materials for 3D 

printing, the ABS blending with three kinds of heat-resistant 

modification was reviewed, the advantages and disadvantages 

of the blended materials were discussed. Finally, the optimi-

zation of FDM parameters for ABS materials was summarized.

Blending of ABS and N-phenyl Maleimide 
(N-PMI)-Based Heat-Resistant Copolymers

The N-PMI group has a rigid five-membered ring structure, 

which can prevent the rotation of ABS resin molecular chain 

when the temperature rises,12,13 thereby achieving high heat-

resistance. Given the poor compatibility between N-PMI and 

ABS materials,14 other materials will be added to the mod-

ification process to promote the compatibility of the N-PMI 

group and ABS material. Figure 2(a) showed the molecular 

structure formula of N-PMI.

Blending of ABS and St/N-phenyl Maleimide (SMI)     

Copolymer. The copolymers of N-PMI with St, maleic anhy-     

dride (MAH) and other monomers are excellent heat resistant 

modifiers. Shen et al.15 synthesized St and N-PMI through 

solution copolymerization to obtain SMI copolymer. Figure 3 

showed the changes of Vica softening temperature (VST) and 

tensile strength of blends under different mass fractions of 

SMI. After melt blending of this copolymer with ABS mate-

Figure 1. Schematic and products of typical FDM printer: (a) the schematic diagram of typical FDM structure; (b) the FDM molding physical 

picture.5

Figure 2. Molecular structure formula of (a) N-PMI; (b) MBS; (c) 

BDP; (d) DBDPE; (e) PPFBS.14,20,36
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rials, they found that its VST had been improved to a certain 

extent under the mass fraction of 17 wt%. Once the mass frac-

tion was exceeded, its tensile strength showed an obvious 

decreasing trend. Li et al.16 found that SMI copolymer could 

be synthesized by imidization from styreneco-maleic anhy-

dride (SMA) and aniline. SMI has good heat-resistance and 

good compatibility with ABS materials. Table 1 showed the 

comprehensive properties of SMI/ABS blend samples. There-

fore, the copolymer is often used to improve the heat-resistance 

of ABS materials. SMA material has good heat-resistance and 

other advantages, but its MAH in structure is easy to hydro-

lyze, resulting in poor stability in practical application. How-

ever, SMI introduced a benzene ring based on SMA, which 

improved the heat-resistance and stability of the MAH group.

Blending of ABS with Styrene/maleic Anhydride/N-Phenyl     

Maleimide (SMN) Terpolymer. The addition of St group can        

promote the compatibility of materials, but the heat-resistance 

of materials has not been greatly improved. Therefore, St group 

is usually added into the heat-resistant copolymer and then 

blended with ABS material to increase the heat-resistant prop-

erty of the material and improve the compatibility of the mate-

rial. Zhao.17 proved that the random copolymer of SMN had 

good compatibility with ABS material, and the VST of the 

blend had been significantly improved with the increase of the 

amount of SMN. Figure 4 showed the SEM images of pure 

ABS or SMN/ABS blends containing a certain amount of 

SMN near the fracture gap. As shown in Figure 4(a), the cross-

section of pure ABS is relatively rough, and obvious ductile 

tearing occurs in the process of fracture deformation, forming 

a large number of holes. However, with the increase of the 

amount of SMN added (Figure 4(b)-(d)), the section gradually 

becomes smooth and the number of holes is greatly reduced, 

indicating that ductile tearing is no longer the main cause of 

impact fracture. With the addition of SMN, the entropy elas-

ticity of ABS resin decreases, the material becomes more dif-

ficult to yield, and more difficult to form holes, and the material 

changes from ductile fracture to brittle fracture. Because the 

formation and merging of holes play a major role in the 

absorption of impact energy, the heat resistance and mechan-

ical properties of ABS/SMN blends will increase with the 

Figure 3. (a) VST; (b) tensile strength of ABS and SMI composites.15

Table 1. The Comprehensive Properties of ABS Blends16,17,23,32,41,48,57

Project ABS
SMI/ABS

(20/80)
(wt%)

SMN/ABS
(25/75)
(wt%)

SMIA/ABS
(20/80)
(wt%)

PC/ABS
(70/30)
(wt%)

CF/ABS
(20.2/79.8)

(wt%)

GF/ABS
(30/70)
(wt%)

Nano-SiO2/
TPU/ABS

(3/19/78) (wt%)

Tensile strength (MPa) 47.71 45.03 57.9 34.8 54.84 72.7 84.18 33

Bending strength (MPa) 58.49 66.99 68.2 - 82.56 135.1 142.39 -

Notch impact strength (kJ·m-2) 20.30 21.26 - 13 33.92 50.7 7 17

MFR [g·(10 min)-1] 16.08 5.25 - 0.884 26.00 - 12 50

Melt density (g·cm-3) 2.10 - - - 2.32 - - -

VST (℃) 94.4 105.7 112 - 107.97 102 - 135
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increase of SMN dosage, while the impact strength will decrease. 

Sun.18 found that N-PMI in SMN copolymer could influence 

the deformation temperature of ABS resin. As shown in Figure 

5, the thermal deformation temperature of ABS/SMN blends 

was increased with the increase of N-PMI group content in 

SMN, but the impact strength decreased with the increase of N-

PMI group content in SMN, which was opposite to the change 

of thermal deformation temperature.

Jin et al.19 added ABS high glue powder (HGP) based on 

SMN/ABS blend to prepare highly heat-resistant ABS resin by 

melt blending. Results showed that the heat-resistance of the 

materials was well preserved, whereas the mechanical properties 

were optimized to a certain extent after adding HGP. Wang et 

al.20 made SMN and ABS resin materials into highly heat-

resistant ABS masterbatch and then blended them with the 

Decabromodiphenyl ethane (DBDPE) (the molecular structure 

formula shown in Figure 2(d)) flame-retardant system to obtain 

highly heat-resistant and flame-retardant ABS materials, thereby 

resulting in the broader market of the mixed materials.

Blending of ABS with Styrene/N-phenyl Maleimide/     

acrylonitrile (SMIA) Terpolymer. MAH can easily react to     

water, which limits its preparation method. The SMIA replaces 

MAH in SMN with AN, effectively avoiding material insta-

bility caused by MAH failure.21

Li.22 found that the blending effect on ABS resin material 

was better when the group volume of AN was smaller. Hu et 

al.23 prepared SMIA/ABS blend by suspension polymerization 

and melt blending. Compared with SMI/ABS blend, the results 

showed that the heat-resistance of SMIA was higher than that 

of SMI materials, and the heat-resistance became stronger with 

the increase of NPMI content, whereas the impact strength 

showed a downward trend. SMIA contains two substances, St 

and AN, which are the same as the ABS resin material, and they 

are more compatible with the ABS material. In conclusion, 

NPMI has heat-resistance and cost advantages, enabling more 

cost-effective ABS heat-resistant materials.

Blending of ABS and Plastic Materials

Blending of ABS and Polypropylene (PP). PP is a col-     

Figure 4. SEM images: (a) pure ABS; (b) 5 wt%SMN; (c) 15 wt%SMN; 

(d) 25 wt%SMN.17

Figure 5. Influence of N-PMI in SMN copolymer on the thermal deformation temperature and the impact strength of ABS resin: (a) the ther-

mal deformation temperature; (b) the impact strength.18
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orless and transparent thermoplastic resin material with good 

heat-resistance, chemical resistance, and high mechanical prop-

erties.24 However, when PP is used in FDM, expansion cracking 

and warping will occur, affecting the final form of the prod-

uct.25 Therefore, PP cannot be used in FDM alone. It is a good 

option to modify ABS with PP, which can broaden the large-

scale application of PP and improve the properties of ABS for 

FDM process.

Harris et al.26 proposed ABS, PP and polyethylene-grafted 

maleic anhydride (PE-g-MAH) blend for FDM and found that 

the blend has certain heat-resistance and good mechanical 

properties. PE-g-MAH was used as a compatibilizer for the 

blending of two materials to improve the heat-resistance and 

heat aging resistance of the blend. The experiment was divided 

into 27 groups. Figure 6 showed the SEM images of the two 

most representative fracture morphologies selected from 27 

experimental combinations. In Figure 6(a), combination 4 

(Bed Temperature 25 ℃, Nozzle Temperature 195 ℃, Post-        

Printing Aging 0 days), showed the chemical grafting of PP on 

ABS via PE-g-MAH without obvious phase separation. How-

ever, in Figure 6(b), combination 21 (Bed Temperature 75 ℃,         

Nozzle Temperature 185 ℃, Post-Printing Aging 6 days) pre-        

sented slight phase separation and the interlocking fiber form 

of the PP/ABS blend. ABS material is the main reason for the 

formation of slender fibers, and there is a high tensile load 

during the fracture process, resulting in the formation of slender 

fibers as shown in the figure. The entangled fibers of PP proved 

the good tensile stress of combination 21. Therefore, the chem-

ical grafting of PP in ABS through compatibilizer PE-g-MAH, 

as well as local physical interlocking, are the main reasons for 

the high thermal mechanical properties of the blend material. 

Through a series of experimental analyses, the blend after add-

ing the compatibilizer has better mechanical properties and 

higher heat-resistance than the ABS material.

Blending of ABS and Polycarbonate (PC). PC is a ther-     

moplastic engineering plastic with high toughness.27 PC has 

higher heat-resistance than ABS, but it is expensive, with high 

notch sensitivity. PC/ABS blend can make up for the short-

comings of the two materials.28-30 Krache et al.31 found that the 

VST of PC/ABS blend gradually increased with adding PC 

material. Yin et al.32 found that the addition of PC greatly 

improved the heat-resistance of ABS. In addition, the bending 

strength and flow rate of the blend solution were improved. 

Table 1 showed the comprehensive properties of ABS and PC/

ABS blend samples. As shown in Table 1, PC/ABS blend has 

better VST than pure ABS. Moreover, the excellent notch impact 

strength of ABS makes up for that of PC.

Considering the incompatibility of PC/ABS blend, many 

researchers try to add some alternative fillers or compatibi-

lizers to obtain better heat-resistance, flame retardancy, and 

mechanical properties at a lower price.33,34 Jiang et al.35 pre-

pared PC/ABS blends by using a twin-screw extruder and added 

a triphenyl phosphate/thermoplastic phenolic resin (TPP/TPPFR)

composite into the blend to modify their flame retardancy. The 

experimental results showed that the TPP/TPPFR composite 

system could significantly improve the thermal stability of PC/

ABS blend, and the comprehensive properties were the best 

when the addition amount was 11 phr. Wang et al.36 prepared 

a highly heat-resistant halogen-free flame retardant PC/ABS 

blend by adjusting the content of PC through melt-blending 

extrusion, using bisphenol A bis (diphenyl phosphate) (BDP) 

and potassium perfluorobutylsulfonate (PPFBS) as flame retar-

dants and methyl methacrylate-butadiene-styrene (MBS) ter-

nary block copolymer as compatibilizers. As shown in Figure 

2(b)-(e), it is the molecular structure formula of MBS, BDP 

and PPFBS. When the BDP content is 10 wt%, the thermal 

deformation temperature is lower than that when the BDP con-

tent is 8 wt%. By increasing the PC content, the thermal defor-

mation temperature of PC/ABS can be effectively increased. 

When the PC content is 85 wt%, the thermal deformation tem-

perature of the material is increased to 102.5 ℃, an increase of     

about 13.3%. The tensile strength, bending strength and impact 

strength are increased by 12%, 12.6%, and 38.5% compared 

with the content of 70 wt%. Bi et al.37 prepared PC/ABS blend 

with MBS as a compatibilizer by blending extrusion. The 

results showed that the content of PC was in proportion to the 

tensile strength and heat-resistance of the blends. When the 

content of PC reached 60 wt%, the impact toughness of the 

Figure 6. SEM images of (a) experimental combination 4 (Bed 

Temperature 25 ℃, Nozzle Temperature 195 ℃, Post-Printing Aging 0 

days), (b) combination 21 (Bed Temperature 75 ℃, Nozzle Tem- 

perature 185 ℃, Post-Printing Aging 6 days).26
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blend was the best. After adding MBS, the impact performance 

of the blend was improved, but the heat-resistance and rigidity 

were reduced. Therefore, SAN was important maintain the 

good heat-resistance of the blends. When the content of SAN 

was less than 16 phr, the thermal deformation temperature of 

the blend was increased by 13 ℃, and the tensile yield strength           

was increased by 7 MPa.

PC/ABS blend have good impact resistance, stability and 

heat-resistance.38 During the modification of PC/ABS blend, 

MAH-grafted, methyl methacrylate-grafted and amino styrene 

AN were often used as compatibilizers.

Blending of ABS and Inorganic Filler

Blending of ABS and Carbon Fiber (CF). CF is a high-          

strength and high-modulus fiber. Its carbon content is more 

than 90 wt%, and it has high heat-resistance, friction resistance, 

and corrosion resistance. The heat-resistance of CF ranks first 

among all chemical fibers.39,40

Yuan et al.41 made pitch-based CF into spherical interme-

diates. After adding such pitch-based CF into ABS, VST was 

improved. When the addition of CF reached 20.2 wt%, VST 

reached 102 ℃, which was 9 ℃ higher than that of ABS. The            

tensile strength was increased by 61.6%, the tensile elastic 

modulus was increased by 146.6%, the bending strength was 

increased by 50%, and the bending elastic modulus was increased 

by 123%. No effect on processing performance was observed, 

and only the impact strength showed a downward trend. Ma et 

al.42 designed a CF/ABS blend for 3D printing. After the sur-

face of CF was soaked with a sizing agent, the interface bonding

ability between CF and ABS could be improved. The blend had

good processing performance and high hardness. The addition 

of CF increased the tensile strength of the blend to 55.92 MPa 

and the bending strength to 89.20 MPa, which are higher than 

those of ABS. Hwang et al.43 produced CF/ABS blend by 

extrusion molding. They studied the effects of epoxy/epoxy and 

epoxy/PU dual-sized CF-reinforced composites on the heat-

resistance, mechanical and impact properties of the blend. The 

improvement of mechanical and impact properties was explained 

by the interfacial bonding between the reinforced CF and ABS 

matrix. Figure 7 showed the SEM micrographs observed from 

the fracture surface of CF/ABS composite with epoxy/epoxy 

dual-sized and epoxy/PU dual-sized carbon fiber. Based on the 

observation of fracture surface morphology, the fiber matrix 

interface behavior was qualitatively supported by fiber pull-

out, fiber fracture mode, and debonding gap between fiber and 

matrix. The greater improvement of the properties of the blends 

comes from the composites containing epoxy/PU dual-sized CF.

In recent years, CF which is primarily used in high-tech 

equipment such as aerospace industry, has been increasingly 

used in industrial equipment, providing more space for the 

modification of various resins, ceramics, metals and contrib-

uting to the emergence of high-performance composites. How-

ever, the interfacial adhesion of carbon fiber-reinfored polymer 

composite is poor because carbon fiber has chemically inert 

and smooth surface, and the oxygen-containing functional groups 

are very few.

Blending of ABS and Glass Fiber (GF). GF is a kind of     

inorganic nonmetallic material with excellent properties. GF 

has good insulation, heat resistance and mechanical properties. 

However, GF has poor wear resistance and toughness, so it is 

often used as a reinforcement material in composite mate-

rials.44-46 Kazi Md Masum Billah et al.47 conducted a variety of 

heat resistance test experiments on GF/ABS composites, and 

found that GF/ABS have higher heat dissipation performance 

than pure ABS. Figure 8 shows the SEM images of the extruded 

surfaces of the two mixed materials of ABS. The effect of fiber 

content on the thermal properties of ABS matrix composites 

was studied by Thermogravimetric Analysis (TGA), and it was 

found that the thermal deformation temperature of ABS matrix 

composites increased with the increase of GF content. This is 

mainly due to the addition of GF, which forms a network con-

Figure 7. SEM images (a,c: ×500, b,d: ×1300) showing the fracture 

surfaces of CF/ABS composites. (a,b) epoxy/epoxy dual-sized CF,

(c,d) epoxy/PU dual-sized CF.43
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nection structure during the preparation of the composite mate-

rial. When the external temperature changes, the network 

connection structure will support the resin matrix to resist the 

material deformation. Jun Lin et al.48 tested the physical prop-

erties of GF enhanced PC/ABS blends and found that when 

GF content was 30 wt%, GF could significantly increase the 

tensile strength, bending strength and modulus of PC/ABS 

blends by 61.7, 66.5 and 230%, respectively. However, due to 

the properties of GF the elongation at break and impact 

strength of the blend are damaged. Mohankumar H. R. et al.49

developed a Short Glass Fiber (SGF) reinforced ABS com-

posite through a melt deposition molding process and tested its 

impact and bending strength. It was found that the bending 

strength and impact strength of ABS were increased after add-

ing SGF. When 15 wt% SGF was added, the impact strength 

increased by 42% and the bending resistance increased by 

44%. When 30 wt% SGF was added, impact strength increased 

by 54% and bending resistance increased by 59%. The addi-

tion of SGF significantly improves the bending and impact 

properties of the matrix, and increases the possibility for the 

study of other ABS composites.

The addition of GF can improve the tensile strength, bending 

strength and heat resistance of ABS composite, but can reduce 

the impact strength. Future research could focus on optimizing 

the manufacturing process to further improve the mechanical 

properties of the composite. Impact strength can be increased 

by adding tougher, more ductile materials to the composite 

matrix.

Blending of ABS and Nano Materials. Nano diamond       

composites are widely used in aerospace, automotive, medical, 

petrochemical, and other fields. Adding Nano diamond to the 

composite can reduce wear and improve fracture resistance 

and thermal stability.50 Waheed et al.51 pre-blended Nano dia-

mond with ABS and then extruded the fibers for several times 

to obtain diamond composites with 37.5 wt% and 60 wt% mass 

fractions. The thermal conductivity of the ABS substrate was 

increased from 0.17 to 0.94 w/m, and the thermal conductivity 

was significantly increased by more than five times. The elastic 

modulus of the Nano diamond composite with 60 wt% mass 

fraction was 41.9% higher than that of ABS, and the hydro-

philicity was also improved from 1050 to 1490 MPa. TGA also 

confirmed that the thermal stability of the Nano diamond com-

posite with 60 wt% mass fraction was increased compared 

with that of ABS.

Lignin widely exists in the plant industry and industrial, 

agricultural raw materials. In recent years, with the shortage of 

global resources, lignin has attracted considerable attention in 

energy, food, cosmetics, medicine, plastics and other industries 

because of its price advantage. Lignin-based flame retardants 

have a sustainable, unique aromatic structure and high carbon-

ization performance, and they are the developmental direction 

of new-generation flame retardants. However, their applications 

are still limited by compatibility, processability, and flame 

retardancy.52 Wu et al.53 prepared an environment-friendly lig-

nin-based Nano filler (lignin diethylenetriamine/red phosphorus 

nanoparticles, lignin n-pNPs) through chemical modification 

and coprecipitation. The physical, chemical, and flame-retar-

dant properties of the blend after blending with ABS showed 

that the lignin n-pNPs/ABS blend had good processing and 

mechanical properties, its thermal stability and fire resistance 

were significantly improved. This research will create a new 

way of modification based on lignin.

Nano-SiO2 is a kind of inorganic compound, which has sta-

ble chemical properties, high temperature resistance, corrosion 

resistance, aging resistance, and flame retardance.54-56 Wu et 

al.57 added Nano-SiO2 into TPU/ABS blend and used Nano-

SiO2 and TPU to synergistically strengthen ABS materials. 

Figure 9 showed the SEM images of fracture surfaces of 

Nano-SiO2/TPU/ABS composites with different contents of 

Nano-SiO2. As shown in Figure 9, ABS and TPU are incom-

patible in composites of different proportions, and TPU is dis-

tributed spherically in the ABS matrix. Meanwhile, there are 

large voids in all composites. When the material is subjected to 

external force, the interface between TPU and ABS matrix will 

be stripped, resulting in holes, which will cause shear yield, 

prevent the further development of cracks, consume a lot of 

energy, and thus improve the toughness of ABS. Thermal per-

formance analysis showed that the addition of Nano-SiO2

increased the thermal deformation temperature and VST of the 

composite, decreased the linear size shrinkage, and improved 

the thermal stability of the composite. The addition of Nano-

Figure 8. SEM images of (a) CF/ABS; (b) GF/ABS extruded sur-

faces.47
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SiO2 had no significant effect on the tensile strength and elon-

gation at break of the composite. However, given its low 

expansion coefficient, the addition of Nano-SiO2 improved the 

warping of ABS as a 3D printing consumable. Figure 10 showed 

the thermal deformation temperature and VST of TPU/ABS 

and Nano-SiO2/TPU/ABS composites.

Multi-walled carbon nanotubes (MWCNTs) are allotropes of 

carbon. In general, their radial size and length are measured in 

nanometers and micrometers respectively, and their length-to-

diameter ratio is large. Therefore, carbon nanotubes are con-

sidered as a typical one-dimensional nanomaterial. Since its 

discovery, carbon nanotubes have been regarded as the future 

materials and a frontier field of international science in recent 

years.58 Memarian et al.59 prepared MWCNTs/TPU/ABS blend 

by melt blending and studied the effects of different MWCNTs 

content on the morphology, thermal properties, mechanical, 

and shape memory properties of the composites. With the 

addition of MWCNTs, but the elongation at break decreased. 

The impact test results showed that when the MWCNTs con-

tent was more than 2 wt%, the impact strength of the blend 

first significantly increased and then significantly decreased. 

The results of shape memory experiments showed that the 

shape recovery and shape consolidation of the blend were sig-

nificantly improved when 2 wt% MWCNTs were added. The 

results of differential scanning calorimetry showed that the 

addition of MWCNTs decreased the crystallinity of the blend 

and increased the melting temperature of the blend. TGA 

showed that the thermal stability of the TPU/ABS matrix was 

improved with the increase of the MWCNTs content. Figure 

11 showed the MWCNTs/TPU/ABS samples with perfect dis-

persion of MWCNTs in the matrix.

The effects of inorganic fillers with different dimensions on 

the properties of ABS are evidently different, and they show 

certain regularity. The impact strengthen of ABS will be decreased 

Figure 9. SEM images (a,c,e: ×2000, b,d,f: ×10000) showing the 

fracture surfaces of Nano-SiO2/TPU/ABS composites: (a,b) TPU/

ABS; (c,d) 1.5 wt% Nano-SiO2/TPU/ABS; (e,f) 3 wt% Nano-SiO2/

TPU/ABS.57

Figure 10. (a) Thermal deformation temperature; (b) VST of TPU/ABS and Nano-SiO2/TPU/ABS composites.57
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by filling inorganic materials, but the tensile strength, heat-

resistance and dimensional stability of ABS will be improved 

to varying degrees.60 Notably, based on the different dimen-

sions and particle sizes, inorganic fillers have different effects 

on the performance of ABS, which should be considered in 

actual modification.

Optimization of FDM Process Parameters

ABS used for FDM currently have many problems, such as 

low strength, warpage deformation and brittle products. ABS 

resin materials should be printed with high temperature when 

the nozzle temperature is about 210-250 ℃ and the heating table          

is about 80-110 ℃.61-63 In view of the above defects, improving          

the ABS FDM-printed parts is focused on the following two 

aspects: The first is the optimization of FDM process param-

eters.64 The second is the modification of ABS material, through 

different modification methods, using different modifiers to 

improve the finished parts performance.

The technical parameters of FDM printing mainly include: 

slice parameters (layer thickness/height, nozzle diameter, path 

width, grating direction/Angle, interlayer pores, etc.). Construc-

tion orientation, usually used for horizontal printing, vertical 

printing or other Angle printing. Temperature parameters (ambi-

ent temperature, extrusion temperature and hot bed tempera-

ture, etc.).65,66 These parameters affect the interface bonding 

properties and have poor properties with anisotropy as the whole. 

Syrlybayev et al.67 studied the influence of printing parameters 

such as printing temperature, speed, direction and hot bed tem-

perature on the tensile and bending properties of ABS. The 

results show that proper printing temperature can improve the 

weld marks between layers. The higher printing speed enhances 

the orientation of ABS molecular chain. Proper hot bed tem-

perature is conducive to the formation and growth of ABS crys-

tals, thus improving their mechanical properties. The mechanical 

properties of longitudinal printed specimens are generally bet-

ter than those of transverse printed specimens. Ngo et al.68 dis-

cussed the treatment of various problems in the 3D printing 

process from the aspects of pore formation, anisotropic behav-

ior, limitations of computer design and layer-by-layer appear-

ance. In addition, they found that converting computer aided 

design (CAD) files into 3D printed slice file formats often led 

to inaccuracies and defects, especially on curved surfaces. In 

addition, FDM’s layer-by-layer appearance in applications such 

as construction, toys, and aerospace was not ideal. Mohammad 

Shirmohammadi et al.69 used a hybrid artificial neural network 

and particle swarm method to combine input parameters to 

minimize the surface roughness algorithm. To this end, the 

experiment after using the central composite design has five 

independent parameters (nozzle temperature, layer thickness, 

printing speed, nozzle diameter and material density) three lev-

els, 43 plane parts were produced by 3D printer, and the rough-

ness of the produced parts was tested. The results show that the 

layer thickness was directly related to the surface roughness, 

and the greater the layer thickness, the greater the surface 

roughness. In addition, with the increase of velocity, roughness 

decreases first and then increases. There are similar changes in 

internal density and nozzle temperature. Tran et al.45 turned off 

the cooling fan and increased the printing temperature during 

the FDM printing process to study the change of mechanical 

properties of ABS composites after forming at excessively 

high temperatures. By preparing CF/ABS and GF/ABS sam-

ples and testing the mechanical properties of the samples, it is 

found that the diffusion between the composite gratings is 

enhanced due to high temperature printing, which reduces the 

waste of materials and increases the printing length. Although 

the impact strength is reduced, the tensile strength and the 

maximum bearing capacity are increased.

Most studies evaluate multiple parameters at the same time, 

making it difficult to see a clear effect of any one of them on 

a given result. Different projects have evaluated the accuracy 

of models manufactured with different printers and materials, 

but further research is needed to evaluate the impact of printing 

parameters on surface roughness, printing accuracy and mechan-

ical properties for different applications.

Conclusions

The modification methods and the FDM parameters opti-

Figure 11. SEM images of MWCNTs/TPU/ABS sample cut by slicer:

(a) 5000×; (b) 10000×.59
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mization in the reviewed literature can improve the heat-resis-

tance of ABS and the mechanical properties of FDM 3D-

printed ABS parts.

However, most methodologies for FDM 3D-printed ABS 

parts are still facing challenges. For example, in order to obtain 

an ABS blend system with good heat-resistance and good 

mechanical properties, a strong interface bonding between ABS 

and the modifier is required. Secondly, Although some mod-

ifiers improve the heat-resistance of ABS, they also destroy other 

excellent mechanical properties of ABS. Therefore, further 

research is needed to modify ABS with appropriate modifier to 

make it more suitable for FDM forming process.
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