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	Abstract 
[bookmark: _GoBack]Graphene oxide (GO) and silver nanoparticles (AgNPs) are attractive nanomaterials due to their unique structure and physico-chemical properties. While the GO has a high surface area, AgNPs have antibacterial, thermal, and electrical properties. Hybridization of these materials' synergistic characteristics has proven beneficial in several applications such as electronics, catalysis, textiles, electrochemical biosensing, drug delivery, and antimicrobial agents. The GO-AgNPs dispersion with low particle size and high stability was important for such dispersion application. This study proposes Hummer’s method- production of graphene oxide and silver nanoparticles dispersion. Four factors such as GO amount, AgNPs amount, and ultrasonic prop. time (UPT), and amount of distilled water (DIW) was determined to be effective on graphene oxide/silver nanoparticles dispersion features. Four quality criteria such as electrical conductivity, thermal conductivity, particle size, and zeta potential were selected. Taguchi method was applied for the first time to achieve the analyzed and optimized features of graphene oxide/silver nanoparticles. It was concluded that the optimum particle size and zeta potential of the GO/AgNPs dispersion are found as 164 ± 17 nm and -44 mV ± 0.4 mV, respectively. The hybridized GO/AgNPs dispersion zeta-potential varied between -30 mV and -60 mV. Furthermore, hybridized GO/AgNPs dispersion mixed cementitious composites were designed. The optimum GO and AgNPs hybrid usage was determined as 5 mg for each nanofiller and the highest compressive strength was determined as 22MPa by usage of 5 mg of GO and 5 mg of AgNPs. It was also concluded that compressive strength and ultrasonic pulse velocity of the GO-AgNPs dispersion mixed cementitious composites decreased with the GO and AgNPs usage of more than 5 mg due to the decrement in dispersion stabilities.
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1. Introduction 
Graphene is one of the attractive 2D nanomaterials in both industrial and scientific fields is that it has unique mechanical, thermal, electrical, and optical properties [1, 2]. Monolayer graphene with a high thermal conductivity of 6000 W*m-1*K-1 [3], electrical conductivity of 5000 S*cm-1 [4], and Young's modulus of ~1 TPa [5] makes that one of the most unique materials [6, 7]. Physical such as chemical vapor deposition or chemical methods such as oxidation and reduction processes can be mostly preferred in graphene synthesis. Since the production cost is taken into consideration, chemical methods are the most preferred method, especially Hummer’s method. This method consists of the fact that graphite is chemically oxidized to graphene oxide (GO) and reduced with agents to reduced graphene oxide. GO is a kind of material that is very useful with functioning groups to obtain uniform and stable dispersion. Silver nanoparticles (AgNPs), on the other hand, are preferred because of their spherical structure, antibacterial activity, and relatively low-cost production [8]. AgNPS are preferred among all of the metal-based nanoparticles due to their low toxicity, and high electrical conductivity [9]. Moreover, AgNPs could be obtained with biosynthesis and green chemical reduction processes.
While cementitious composites are receiving increasing attention, nanofillers and the design of these composites play an important role. Nanofillers with their high surface area, ability to fill cracks, and superior mechanical properties give important properties to cementitious composites [10]. GO provides valuable properties to cementitious composites due to its relatively low production cost and ease of production [11]. AgNPs due to their antibacterial properties and low-size structure are preferred by the researchers [12]. Dispersion features such as particle size distribution and stability are very important in nanomaterial applications because unstable dispersion has a poor effect in many applications including building materials. Although GO and AgNPs are used to improve cementitious composites, statistical analysis of hybrid GO and AgNPS dispersion and combined application of GO and AgNPs in cementitious composites has not been encountered in the literature.
In the present study, it was aimed to analyze, characterize and optimize the hybridization of GO and AgNPs dispersion and, dipersed hybrid GO and AgNPs mixed cementitious composites (GACEC). For this purpose, the production of graphene oxide by the Hummers method by reacting graphite with potassium permanganate. Moreover, Glucose-reduced dispersed AgNPs were synthesized by a wet-chemical process. Zeta potential, particle size, electrical conductivity, and pH of the solution were preferred as responses. The amount of GO, amount of AgNPs, ultrasonic prop time (UPT), and distilled water amount (DI) as factors were analyzed by the Taguchi method based on main effect plots. Moreover, the dispersion properties of hybrid GO and AgNPs on cementitious composites were evaluated.

2. Materials and Methods 
The chemicals used in the production of GO are high-purity graphite as a carbon source (< 50 µm, pure of 99%, Merck), sodium nitrate (NaNO3), potassium permanganate (KMnO4) and sulphuric acid (H2SO4) as oxidizers, hydrogen peroxide (H2O2: 30 wt. percent) as reaction terminator, and hydrochloric acid as a metal ions removal (HCl). Silver nitrate (AgNO3, > 99.8%) as a precursor, soluble starch as a capable agent, sodium hydroxide pellets as pH adjuster (NaOH,>99%), D (+) glucose anhydrous as a reducer agent was used to obtain AgNPs. A water bath with a circulator (Polyscience 15-R) was used to control the reaction temperature in the experimental systems, and Merck Millipore brand pure water equipment was used to create the pure water. Hummer’s method was used in the synthesis of GO [13, 14]. Hummer’s method consists of strong oxidation of graphite with KMnO4, termination of the reaction with H2O2, and removal of metal ions with HCl. AgNP synthesis consists of dissolving the starch solution and then adding AgNO3 and glucose and pH adjustment (Figure 1). 

Table 1. Taguchi orthogonal array for preparation of GO and AgNPs hybrid dispersion [15].
	Exp. No*
	GO (mg)
	AgNPs (mg)
	UPT (min.)
	DI (mL)

	GA1
	5
	5
	5
	300

	GA2
	5
	10
	15
	400

	GA3
	5
	15
	30
	500

	GA4
	10
	5
	15
	500

	GA5
	10
	10
	30
	300

	GA6
	10
	15
	5
	400

	GA7
	15
	5
	30
	400

	GA8
	15
	10
	5
	500

	GA9
	15
	15
	15
	300


* L9 (34) Taguchi design 
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[bookmark: f1]Figure 1. The following Methodology for GACEC production.
Hybrid dispersions were prepared according to the conditions designed according to the L9 Taguchi design [15]. The amount of GO, amount of AgNPs, UPT, and distilled water amount DI with each having four levels was selected as factors. Particle size and zeta potential were determined for each experimental run. After the characterization of dispersed hybrid GO and AgNPs, dispersed nanofillers were mixed with cement pastes (Figure 1). (Cement: water: superplasticizer 1: 0.45: 0.01). Pozzolanic type CEMIV/B (P) 32.5 cement and BASF 608 Masterglenium 608 superplasticizer were used to produce hybrid dispersed-GO and AgNPs mixed cementitious composites.
3. Results and Discussion 
3.1. Characterization of hybrid GO and AgNPs dispersion 
The UV-vis spectra obtained for each hybrid dispersed-GO and AgNPs considering the Taguchi design could be seen in Figure 2 [15]. The spectra showed a maximum absorption peak in the 215-275 nm regions and a weak peak in the 280-350 nm regions. The obtained absorption peaks indicate the presence of graphene oxide. The expected AgNPs peaks in the 390-420 nm regions were not found in the samples. However, the apparent shift in the peak around 320 nm show the hybrid GO and AgNPs presence [16]. 
[image: ]

Figure 2. UV-Visible spectra for hybrid GO and AgNPs dispersion [15]. 

The main effect plots for the mean of particles size, zeta-potential and thermal conductivity drown by Minitab software could be seen in Figure 3 [15]. Particle size of hybrid dispersed-GO and AgNPs was decreased with the increasing of UPT and, increased with decreasing DIW amount (Figure 3a) [15].  Zeta-potential of hybrid dispersed-GO was decreased with the increasing of GO amount (Figure 3b) [15]. It has been observed that UPV treatment provides an advantage in dispersing nanofiller and ensuring homogeneous distribution. Thermal conductivity was decreased with the increasing of GO and AgNPs amount (Figure 3c) [15]. This result can be attributed to the oxygenated functional groups of GO.
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Figure 3. Main effect plots for hybrid GO and AgNPs: a) particle size, b) zeta-potential and c) thermal conductivity [15]

3.2. Features of hybrid GO and AgNPs dispersion mixed cementitious composites
All specimens were designed with a size of 5 cm3 and cured at temperature 23ºC in tap water. The first quality criterion was selected as compressive strength at a day of 28 of GACEC, which should be maximized, was determined considering to the ASTM C109. Compressive tests were performed on 5 cm cubes. Second criterion was selected as ultrasonic pulse velocity and this test provide information about integrity of structures. Ultrasonic pulse velocity test, which should be maximized, was performed on 5 cm3 cube specimens according to the ASTM C597-09.   

The first point that draws attention is that the highest compressive strength average at 28 days was obtained when GO and AgNPs were used as 5 mg each. An average compressive strength value higher than 22 MPa was obtained in cementitious composites with a 5 mg of GO and 5 mg of AgNPs, which corresponds to C20 class concrete (Figure 4a). It should not be forgotten that obtaining this value without using fine aggregate, which increases the compressive strength of concrete, is remarkable. However, severe loss of strength is observed when using more than 5 mg of GO and AgNPs, which may be a result of the decrease in dispersion stability, in other words, the decrease in zeta potential of hybrid dispersion. Similarly, it is seen that the optimum usage rate for the ultrasonic pulse velocity at 28 days is 5 g for GO and AgNPs, respectively (Figure 4b). When using more than 5 mg for each nanofiller, there is probably a uniformity problem in cemet matrix due to the decrease in zeta potential, the structural integrity is disrupted and the ultrasonic pulse velocity decreases.

When the interaction graphs were analyzed, a very interesting result was encountered (Figure 4c). While the highest values in both compressive strength and ultrasonic pulse velocity were obtained with the use of 5 grams of GO and 5 g of AgNPs, a severe decrease in compressive strength and ultrasonic pulse velocity was observed, especially with the increase of AgNPs to 10 mg (Figure 4c and 4d). In other words, if AgNPs was used more than 10 mg, synergistic effect of hybridization of GO and AgNPs turned into an antagonistic effect on cementitious composite properties (Figure 4d). Especially when two nanomaterials are used at 10 mg, a sudden decrease in compressive strength and ultrasonic pulse velocity begins. 
[image: ]

Figure 4. Factor effect analysis on GACEC using orthogonal arrays: a) mean plot for compressive strength, b) mean plot for ultrasonic pulse velocity, c) interaction plot for compressive strength, b) interaction plot for ultrasonic pulse velocity.

4. Conclusion 

In this study, the hybrids dispersed GO and AgNPs was prepared according to the Taguchi design and the dispersion performance was analyzed statistically by the main effect plots systematically. Furthermore, hybrids dispersed GO and AgNPs mixed cementitious composites were designed and compressive strength and ultrasonic pulse velocity were assessed using main and interaction plots. It was concluded that the optimum particle size and zeta potential of the GO/AgNPs dispersion are found as 164.40 ± 17.38 nm and -44 mV ± 0.42 mV, respectively at a dosage of 5 mg of GO and 5 mg of AgNPs. Optimum dosages for preparing cementitious composites are determined as 5 mg each for GO and AgNPs. However, severe loss of strength was observed when using more than 5 mg of GO and AgNPs, which may be a result of the decrease in dispersion stability, in other words, the decrease in zeta potential of hybrid dispersion. Another result is that the synergistic effect that increases compressive strength and ultrasonic pulse velocity disappears more than this dosage levels.
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