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Abstract 

Hexagonal zinc oxide (ZnO) nanoprisms grow on the surface of polyacrylonitrile (PAN) fiber in an electroless 

plating solution, where the surface of the PAN fiber was pre-activated with palladium (Pd) nanoparticles through 

a wet process. Pd-activation was performed by a spontaneous reduction of palladium(II) bis(acetylacetonate) on 

the surface of swollen PAN fiber in dimethylformamide/water solution at 90℃ for various time, and it was 

found that ZnO nanoprisms grow site-selectively on the Pd nanoparticles through an energy filtering 

transmission electron microscopy. The morphology observation of hexagonal ZnO nanoprisms grown on PAN 

fiber surface was carried out by a field emission scanning electron microscopy (FE-SEM) and an X-ray 

photoelectron spectroscopy was used to evaluate their elemental composition. X-ray diffraction (XRD) patterns 

showed that the crystalline structure of ZnO nanoprisms was Wurtzite structure, and FE-SEM and XRD 

analyses showed that the length and covering of nanoprisms have become longer and wider as the electroless 

plating time increased. H2S removal performance of the ZnO nanoprisms increased with increasing electroless 

reaction time and the saturated H2S uptake weight was 27.2 wt% of ZnO nanoprisms/PAN fiber prepared at 

80℃ for 120 min. 

Keywords ZnO nanoprism ∙ ZnO plated PAN fiber ∙ Palladium nanoparticle ∙ H2S removal ∙ Electroless 

plating ∙ Tensile strength 
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Introduction 

Polymer electrolyte membrane fuel cells (PEMFCs) are a preferred technology as a clean energy source that 

generates high power density at low operating temperature [1-3]. However, durability and reliability of the 

FEMFCs are being challenged by operating conditions such as fuel purity and oxidant concentration, and 

numerous reports have been published regarding the effect of contamination caused by these factors. Fuel 

contamination acts as a severe poisoning of platinum (Pt) nanocatalyst, critically affecting the proton conduction 

of the membrane, and the impurities in the oxidant affect the electrodes and membranes. Pt nanocatalysts 

dispersed on carbon supporter are ideal catalysts that act in both the hydrogen oxidation reaction (HOR) and the 

oxygen reduction reaction (ORR), however they are easily poisoned by contaminants in the reactants [4-7]. 

Contaminants include sulfur compounds (SO2, carbonyl sulfide (COS), H2S), carbon monoxide (CO), nitrogen 

compounds (NO2, NO), ammonia, chlorides, and sulfates. These compounds must be removed using purification 

technologies prior to supply to PEMFCs, among which sulfur compounds have the most critical effect on fuel 

cell performance [8-10]. Therefore, it is necessary to maintain the sulfur concentration in the hydrogen fuel at 4 

ppb [11,12]. 

In nature, hydrogen does not exist as a resource in a form usable as energy, instead, it mostly exists in the 

form of water (H2O), ammonia (NH3), and organic compounds (hydrocarbons such as methane (CH4), ethane 

(C2H6), natural gas, etc., methanol (CH3OH), ethanol (C2H5OH), biogas, etc.). Therefore, various studies are 

currently underway to separate and utilize hydrogen from these resources [13-15].  

In order to produce hydrogen by splitting water molecules, 242 kJ/mol of energy is required theoretically, and 

this energy is supplied in the form of electricity, light or/and heat. Among these, water electrolysis method is 

most researched and is expected to have a bright future. This method is a very eco-friendly process because it 

produces only hydrogen and oxygen without pollutants. However, it has the disadvantage of requiring expensive 

electrochemical catalysts such as platinum (Pt), ruthenium (Ru) and iridium (Ir) [16-18]. 

The process of separating hydrogen from ammonia typically requires a cracking step involving heating at 

high temperature of 400-600℃ or higher, which consumes additional energy. Furthermore, ammonia itself is 

toxic and has a pungent odor, so a leak can have fatal effects on the environment and human health. Therefore, 

thorough safety management and equipment are essential. Additionally, to obtain high-purity hydrogen, a 

purification process is required to remove contaminants such as residual ammonia and nitrogen oxides (NOx) 

[19,20]. 

Representative methods for producing hydrogen from organic compounds include a reforming process and a 
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pyrolysis process [21-23]. In the reforming process, hydrogen is produced through the reaction of organic 

compounds with steam under catalytic condition at 700-1,000℃. Because this process is technically highly 

mature and has low production costs, most of hydrogen currently produced worldwide is manufactured using 

this method. However, this process inevitably generates large amounts of carbon dioxide (CO2), a greenhouse 

gas, and also produces small amounts of carbon monoxide (CO), which acts as a catalyst poison. In the pyrolysis 

process, organic compounds are heated at high temperatures of 1,000℃ or higher to produce hydrogen along 

with solid carbon. Although this process does not produce CO2, a phenomenon called coking occurs, where the 

generated solid carbon covers the catalyst surface, reducing its activity. Additionally, accumulated carbon can 

clog the reactor interior or piping, hindering the continuous process. In particular, the hydrogen produced by 

these two methods naturally contains sulfur compounds that act as catalyst poisons, and these compounds must 

be removed through a purification process to meet specification for sulfur content in hydrogen. This is because, 

in most countries, natural gas is managed to have a sulfur content of 30 ppm or less, gasoline and diesel are 

managed to have a sulfur content of 10 ppm. In addition, biogas contains sulfur ranging from 100 ppm to 10,000 

ppm. These sulfur contents are still at a very high level for use as hydrogen (sulfur content of 4 ppb or less) in 

fuel cells [12,24-26]. 

Recently, SARS (selective adsorption for removing sulfur) technology is being used to remove trace amounts 

of sulfur compounds from reformed hydrogen [27-31]. Sulfur compounds contained in the reformed hydrogen is 

removed as it passes through an adsorbent layer composed of activated carbon, Fe-BEA zeolite or ZnO etc. In 

order to increase the sulfur removal performance, the contact area between solid adsorbents and sulfur 

compounds in gas state must be increased. To achieve this, (1) nickel (Ni), cobalt (Co), molybdenum (Mo), etc. 

are finely dispersed on a supporter (alumina, etc.) in sizes of 1-20 nm to maximize the surface area [27], (2) an 

adsorbent (such as zeolite, activated carbon, etc.) having a micropore structure with a size of 0.3-1 nm is used to 

selectively adsorb and remove gaseous sulfur compounds [28,29], or (3) a nano-sized ZnO is used as a chemical 

adsorbent at 200-400℃ [30,31]. 

It is well-known that nano-sized ZnO is used in a uniformly coated state on the surface of polymer textile 

fabrics for ease of handling. To coat a polymer surface with ZnO, the polymer surface should be pre-activated 

with palladium (Pd) seeds, and the best-known activation method consists of a combination of Sn and Pd 

chemical processes: SnCl2 solution and PdCl2 solution are mixed in HCl solution [32,33]. In our previous paper, 

we reported a Pd-activation method in a drying process in which sublimated palladium(II) bis(acetylacetonate), 

(Pd(acac)2) was spontaneously reduced to Pd nanoparticles on the surface of a polyacrylonitrile (PAN) fiber at 
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180℃ in nitrogen atmosphere without using any reducing agent [34,35]. 

In this work, Pd-activation was performed by a spontaneous reduction of Pd(acac)2 on the surface of swollen 

PAN fiber in wet process, and it was found that ZnO nanoprisms grow site-selectively on the Pd nanoparticles. 

Subsequently, the H2S uptaking capacity of the self-manufactured ZnO was estimated. 

 

Experimental part 

Materials 

Pd(acac)2 was purchased from Johnson Matthey. It was recrystallized in acetone at 50℃ before use in order to 

remove impurities. N,N-dimethylformamide (DMF) and ethylene glycol (EG) were purchased from Duksan 

Pure Chemical Co., Ltd. (Korea). Zinc nitrate hexahydrate (Zn(NO3)2∙6H2O) and dimethylamine borane 

(DMAB) were purchased from FUJIFILM Wako Pure Chemical Co. (Japan). PAN fiber was obtained from 

Tai’an Pole Geosynthetics Co., Ltd. (China). The diameter was 13±1 μm and it was chopped into a length of ca. 

1 cm. 

 

Pd-activation on the surface of PAN fiber in wet process 

The surface of chopped PAN fiber was activated by Pd nanoparticles according to the following procedure in 

wet process: chopped PAN fiber (2g) was added and completely dispersed in DMF/distilled water (190g/10g) 

solution and then it became swollen by maintaining the mixture at 90℃ for 3 h. Subsequently, Pd(acac)2 (0.03g) 

was dissolved and maintained at 90℃ for various time. During this process, Pd(acac)2 molecules penetrated into 

the swollen surface of PAN fiber and was spontaneously reduced to Pd metallic nanoparticles, thereby activating 

the surface of the PAN fibers. The DMF and distilled water were removed using a vacuum filtration device, and 

the unreacted Pd(acac)2 was removed by washing three times with acetone. The washed Pd-activated PAN fiber 

was then dried in a vacuum oven at 40℃ for 24 h. These were stored in a desiccator. 

 

ZnO nanoprism growth on the Pd-activated PAN fiber 

ZnO nanoprisms were grown on the Pd-activated surface of PAN fiber according to the following procedure: 

0.05M-Zn(NO3)2 and 0.05M-DMAB were solved in EG/distilled water (20g/60g), and the Pd-activated PAN 

fiber (0.5g) was put into the solution. And then, ZnO nanoprisms grew on the Pd-activated PAN surface at 80℃ 

for various time (30-120 min). Finally, ZnO-grown PAN fiber was cleaned with distilled water and was dried in 

a 40℃ vacuum oven for 24 h. These were stored in a desiccator. 
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Instrumental analyses 

To observe the Pd nanoparticles on the surface area of PAN fiber, energy-filtering transmission electron 

microscopy (EF-TEM, LEO922) was employed, and TEM image and elemental mapping data were observed. 

The morphology of ZnO nanoprisms were observed by field emission scanning electron microscopy (FE-SEM, 

JMS-6701F, JEOL) and the elemental analysis was carried out by energy-dispersive X-ray spectroscopy (EDS, 

JED-2300 Energy Dispersive X-ray Analyzer, JEOL). X-ray diffraction (XRD) analysis for ZnO nanoprisms 

was performed with a Bruker M18XCE diffractometer using a Cu-Kα source at 40 kV and 40 mA.. 

 

Measurement of H2S uptake 

The H2S uptake performance of ZnO nanoprisms was measured by a thermogravimetric analyzer (TGA, Model: 

SDT Q600 (TA Instruments, Inc. USA)). 10 mg of ZnO nanoprisms grown on the PAN fiber was put into the 

electric furnace of TGA and dried at 250℃ for 12 h under nitrogen purging at 50 ml/min. Subsequently, the 

weight change due to H2S uptake was measured while flowing a syngas composed of 69% nitrogen, 30% 

hydrogen and 1% H2S at a flow rate of 20 ml/min. 

 

 

Fig. 1 (a) TEM cross-section image of Pd-activated PAN fiber and (b) TEM image of Pd nanoparticles formed 

near the surface of PAN fiber, which are prepared by spontaneous reduction of Pd(acac)2 at 90℃ 120 min in wet 

process. The magnified TEM image inserted in (b) shows the morphology of Pd nanoparticles. 

 

Results and discussion 

Fig. 1(a) shows TEM cross-section image of Pd-activated PAN fiber embedded in epoxy resin and Fig. 1(b) 

shows TEM image of Pd nanoparticles formed near the surface of PAN fiber, which are prepared by the 
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reduction of Pd(acac)2 at 90℃ 120 min in wet process. Almost all Pd nanoparticles are generated beneath the 

surface of the PAN fiber, and they are observed up to a depth of 292 μm from the surface. However, there is no 

Pd nanoparticle in deeper regions. The depth is approximately 8 times deeper than that of Pd nanoparticles 

prepared by our previous dry process [35], which is 37 μm. The synthetic mechanism of Pd nanoparticles 

beneath the surface of PAN fiber can be briefly explained as follows: Pd(acac)2 molecules diffuse into the 

swollen PAN chains, adsorb to the nucleophilic -C≡N groups of the PAN fiber, and then spontaneously reduce to 

form Pd seeds, which grow to create Pd nanoparticles. Furthermore, in the dry process, it is difficult for 

Pd(acac)2 molecules to penetrate into the high-density PAN fibers, whereas in the wet process, they diffuse 

relatively easily into the swollen PAN fibers, resulting in the formation of Pd nanoparticles in deeper regions. 

The inset of Fig. 1(b) shows the magnified morphology of Pd nanoparticles. The shape of Pd nanoparticles is 

spherical, and their size is 1.8-5.3 μm. Thus, the Pd nanoparticles can act as nuclei for the growth of ZnO 

nanoprisms. 

 

 

Fig. 2 SEM images with EDS spectra for (a, a’) Pd-activated PAN fiber, which is prepared by spontaneous 

reduction of Pd(acac)2 at 90℃ 60 min in wet process. and (b, b’) ZnO nanoprisms grown on the Pd-activated 

PAN fiber, which are synthesized at 80℃ for 120 min in EG/distilled water solution of 0.05M-Zn(NO3)2 and 

0.05M-DMAB. 

 

SEM images and EDS spectra for (a, a’) Pd-activated PAN fiber and (b, b’) ZnO nanoprisms grown on the 

Pd-activated PAN fiber are shown in Fig. 2. Pd-activation is carried out by spontaneous reduction of Pd(acac)2 
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at 90℃ 60 min in wet process, ZnO nanoprisms are synthesized at 80℃ for 120 min in EG/distilled water 

solution of 0.05M-Zn(NO3)2 and 0.05M-DMAB. These SEM images show that the surface of Pd-activated PAN 

fiber is covered by ZnO nanoprisms, and EDS spectrum of Fig. 2(a’) show that the surface of PAN fiber is 

activated with Pd nanoseeds, where Au is attributed to the gold coating of the non-conductive PAN surface for 

TEM observation, and EDS spectrum of Fig. 2(b’) shows that the elemental composition of Zn : O is 49.3 : 50.7 

atomic % without Pd peaks, which means that the Pd-activated PAN fiber is fully covered by ZnO nanoprisms. 

 

 

Fig. 3 (a) zero-loss image in EF-TEM and (b) Pd elemental map, (c) Zn elemental map and (d) O elemental map 

of ZnO nanoparticles grown on Pd nanoseeds. ZnO nanoparticles are synthesized at 80℃ for 30 min in 

EG/distilled water solution of 0.05M-Zn(NO3)2 and 0.05M-DMAB, where Pd-activation is prepared by 

spontaneous reduction of Pd(acac)2 at 90℃ for 60 min in wet process. 

 

To verify the selective growth of ZnO nanoparticles on Pd nuclei, EF-TEM and elemental mapping 

techniques are applied to the ZnO nanoparticles grown on the Pd-activated PAN surface. ZnO nanoparticles are 

synthesized at 80℃ for 30 min in EG/distilled water solution of 0.05M-Zn(NO3)2 and 0.05M-DMAB, where Pd-

activation is preliminarily prepared by spontaneous reduction of Pd(acac)2 at 90℃ for 60 min in wet process. In 

here, a thin PAN film with ZnO nanoparticles is prepared on the 600 mesh carbon-coated Cu grid, following the 

similar procedure explained in the experimental section: Chopped PAN fiber is completely dissolved in DMF 

solvent to be a concentration of 0.75 wt%. Then, ca. 20 nm thick PAN film is spin-coated on a cleaved NaCl 
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crystal and is dried in a 40℃ vacuum oven for 24 h. After drying, the PAN film is lifted off from the NaCl by 

dipping it into distilled water and is mounted on 600 mesh carbon-coated Cu grid. Pd-activation and ZnO 

deposition are carried out. An EF-TEM image is shown in Fig. 3(a) for the magnified ZnO nanoparticles and the 

corresponding elemental maps of Pd, Zn and O (Fig. 3(b), 3(c) and 3(d), respectively). These maps are precisely 

superimposed with the EF-TEM image, indicating that ZnO nanoparticles are site-selectively grown on Pd 

nanoseeds. 

 

 

Fig. 4 TEM images of Pd nanoparticles formed near the surface of PAN fiber, which are prepared by 

spontaneous reduction of Pd(acac)2 at 90℃ for various time in wet process. Pd-activation time: (a) 30 min, (b) 

60 min, (c) 90 min and (d) 120 min. 

 

Fig. 4 shows TEM images of Pd nanoparticles formed near the surface of PAN fiber, which are prepared by 

spontaneous reduction of Pd(acac)2 at 90℃ for various time in wet process. Pd-activation time are (a) 30 min, 

(b) 60 min, (c) 90 min and (d) 120 min. If Pd-activation time increases, it can be seen that the distribution 

density of Pd nanoparticles increases and the penetration depth also increases. As confirmed in Fig. 3, since ZnO 

nanoparticles grow on Pd nanoseeds, it is necessary to focus on the dispersion state of the surface area. When 

the Pd-activation time is 30 min, it can be seen that there are many inactive regions on the surface of the PAN 

fiber, that is, regions where no nanoparticles are generated, and the dispersion density of the nanoparticles is low. 
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When the activation time is 60 min, almost all the entire surface is activated with Pd nanoparticles and its 

dispersion density increases slightly. If Pd-activation time is 120 min, all the surface of PAN fiber is activated 

and the dispersion density is very high. 

 

 

Fig. 5 SEM images of ZnO morphology grown on Pd-activated PAN fiber, which are prepared by spontaneous 

reduction of Pd(acac)2 at 90℃ for various time in wet process. Pd-activation time is (a) 0 min, (b) 30 min, (c) 60 

min, (d) 90 min and (e) 120 min. All ZnO nanoparticles are synthesized at 80℃ for 120 min in EG/distilled 

water solution of 0.05M-Zn(NO3)2 and 0.05M-DMAB. Each inset shows a high magnification image. 

 

SEM images in Fig. 5 show the effect of Pd-activation time of PAN fibers on the morphology of ZnO 

nanoprisms. The Pd activation time is (a) 0 min, (b) 30 min, (c) 60 min, (d) 90 min and (e) 120 min. All ZnO 

nanoprisms are synthesized at 80℃ for 120 min in EG/distilled water solution of 0.05M-Zn(NO3)2 and 0.05M-

DMAB. Each inset shows a high magnification image. As seen in Fig. 4, when the Pd activation time is 30 min, 

there is an inactivated region and the dispersion density of Pd nanoparticle is low, and therefore there is a region 

where ZnO nanoparticles are not grown (Fig. 5(b)), and the shape of the ZnO nanoparticles begins to appear as 

hexagonal nanoprisms. The diameter of the PAN fiber is 10.5 μm, and the diameter including the ZnO 

nanoparticles is 11.4 μm, so the length of the ZnO nanoprisms is 0.45 μm. When the Pd activation time is 60 
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min, almost all the surface is activated and the dispersion density of Pd nanoparticles increases, so all the 

surface is covered with hexagonal ZnO nanoprisms (Fig. 5(c)). The diameter of the PAN fiber including the ZnO 

nanoparticles is 12.8 μm, so the length of ZnO nanoprisms is 1.15 μm. If the Pd activation time is 120 min, all 

the surface is activated and the dispersion density of Pd nanoparticles is very high, so all the surface is covered 

with thinner hexagonal ZnO nanoprisms (Fig. 5(e)). The length of the ZnO nanoprisms is 2.55 μm, which is 5.7 

times longer than that of 30 min-activation. 

 

 

Fig. 6 SEM images of ZnO morphology synthesized at 80℃ for various time ((a) 30 min, (b) 60 min, (c) 90 min 

and (d) 120 min) in EG/distilled water solution of 0.05M-Zn(NO3)2 and 0.05M-DMAB. Pd-activation of PAN 

fiber is prepared by spontaneous reduction of Pd(acac)2 at 90℃ for 60 min in wet process. Each inset shows a 

high magnification image. 

 

Fig. 6 shows SEM images for ZnO nanoprisms grown on Pd-activated PAN fiber, where Pd-activation is 

prepared by spontaneous reduction of Pd(acac)2 at 90℃ for 60 min in wet process. ZnO nanoprisms are 

synthesized at 80℃ in EG/distilled water solution of 0.05M-Zn(NO3)2 and 0.05M-DMAB for various time of 

(a) 30 min, (b) 60 min, (c) 90 min and (d) 120 min. As the synthetic time increases, the coverage of the PAN 

fiber surface by ZnO nanoprisms increases and the length the nanoprisms become longer. When the synthetic 

time is 30 min, the ZnO coverage is low and hexagonal ZnO nanoprisms is in the formation step, and when the 

synthetic time is 60 min, almost all the PAN fiber surface is covered with hexagonal ZnO nanoprisms, albeit 

small. As the electroless synthetic time increases, the coverage of ZnO nanoprisms increases, and their size 
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increases. When the reaction time is 120 min, the hexagonal ZnO nanoprisms are clearly shown in Fig. 6(d). The 

length of ZnO nanoprisms synthesized for 30 min, 60 min, 90 min, and 120 min is 0.2 μm, 0.75 μm, 0.85 μm, 

and 1.15 μm, respectively. 

 

 

Fig. 7 XRD patterns for ZnO nanoprisms grown on Pd-activated PAN fiber prepared in an electroless solution at 

80℃ for various times: (a) 0 min, (b) 30 min, (c) 60 min, (d) 90 min and (e) 120 min. 

 

XRD analyses are carried out to study the crystalline structure of ZnO nanoprisms according to synthetic time 

and the patterns are shown in Fig. 7. ZnO nanoprisms grown on Pd-activated PAN fiber are synthesized in 

EG/distilled water solution of 0.05M-Zn(NO3)2 and 0.05M-DMAB at 80℃ for 0 min, 30 min, 60 min, 90 min 

and 120 min, respectively. Here, the Pd-activation of PAN fiber is prepared by spontaneous reduction of 

Pd(acac)2 at 90℃ for 60 min in wet process. No peaks are observed in the XRD pattern of Pd-activated PAN 

fiber, that is, the PAN fiber with ZnO growth time of 0 min. The characteristic peaks of a neat PAN fiber show a 

main peak around 2θ = 17-18° and a weak auxiliary peak around 2θ = 29-30°, but since the XRD pattern in Fig. 

7 is shown in the range of 2θ = 30-70°, only a portion of the broad peak is shown below 35°. As synthetic time 

increases, the characteristic peaks for the ZnO nanoprisms appear at 2θ = 31.6, 34.1, 36.1, 47.2, 56.4, 62.5 and 

66.2°, and the intensity become strong. These peaks correspond to (100), (002), (101), (102), (110), (103) and 

(200) planes for ZnO nanoprisms, respectively. These peaks indicate that the crystalline structure is 

polycrystalline Wurtzite structure. In particular, when the synthetic time is short, the (200), (112), and (201) 
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peaks appear as a single broad band due to the overlap of incomplete phases (Fig. 7(b)), and when the synthetic 

time is sufficient, these three planes are clearly separated and distinctly displayed as sharp peaks. That is, at the 

beginning of the synthesis, growth occurs in the longitudinal direction, and when the synthetic time is sufficient, 

growth occurs in the thickening direction, forming a complete hexagonal crystalline structure [36]. 

 

 

Fig. 8 SEM images for ZnO nanoprisms grown on Pd-activated PAN fiber prepared in an electroless solution at 

80℃ for 120 min. The magnification is (a) ×80, (b) ×350, (c) ×6,500 and (d) ×200,000. Pd-activation of PAN 

fiber is prepared by spontaneous reduction of Pd(acac)2 at 90℃ for 60 min in wet process. 

 

To investigate the possibility of H2S removal of ZnO nanoprisms grown on the surface of PAN fabric, the 

fiber surface is preactivated with Pd nanoparticles through the spontaneous reduction of Pd(acac)2 at 90℃ for 60 

min in a wet process, and ZnO nanoprisms are synthesized in an electroless solution at 80℃ for 120 min. SEM 

images for the ZnO nanoprisms are shown in Fig. 8 and the magnification is (a) ×80, (b) ×350, (c) ×6,500 and 

(d) ×200,000. It is confirmed by SEM observation are uniformly covered on the surface of all PAN fibers, as 

shown in Fig. 8. As expected, the surface of all PAN fibers is evenly coated with ZnO (Fig. 8(a), 8(b) and 8(c)), 

and the ZnO morphology is hexagonal nanoprism-shape (Fig. 8(d)). 

TGA analyses are carried out to study the H2S uptake performance of the ZnO nanoprisms on the Pd-activated 

PAN fiber. The change in weight is measured while flowing synthesis gas containing 1% H2S at a flow rate of 

20 ml/min at an isothermal temperature of 250℃. The syngas contains N2 69%, H2 30% and 1% H2S, and the 

weight change is shown in Fig. 9. As the ZnO-growth time increases, the H2S uptake increases. When synthetic 

time is 120 min, in the initial state, H2S uptake rate is very fast and the rate steeply decreases after 7 min. The 
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Fig. 9 TGA thermograms for H2S uptake by ZnO nanoprisms grown on Pd-activated PAN fiber prepared in a 

reaction solution at 80℃ for various time. 

 

saturated H2S uptake weight is 13.6 wt% of ZnO/PAN fiber. The removal of H2S using ZnO can be explained by 

the following mechanism: H2S (gas) + ZnO (solid) → ZnS (solid) + H2O (gas) [37]. Here, since S is substituted 

for O in a 1:1 ratio, and considering that the atomic weight of S is 32.06 g/mol and the atomic weight of O is 

16.00/mol, the actual amount of sulfur removal must account for the weight loss due to oxygen and is 1.5 times 

the thermal weight loss. Therefore, the saturated H2S uptake weight is 27.2 wt% of ZnO/PAN fiber, which is 

similar to the H2S uptake capacity of HiFUEL® A310 pellet (Johnson Matthey) [38]. Therefore, it is confirmed 

that the synthesized ZnO nanoprisms on PAN fiber can be used as adsorbent for the removal of sulfur 

compounds in hydrogen fuel cell applications. 

Fig. 10 shows SEM images and EDS spectra of (a, a’) ZnO nanoprisms and (b, b’) ZnO-ZnS nanoparticles 

after H2S uptake. ZnO nanoprisms are grown on Pd-activated PAN fiber prepared in an electroless solution at 

80℃ for 120 min. Pd-activation of PAN fiber is prepared by spontaneous reduction of Pd(acac)2 at 90℃ for 60 

min in wet process. Comparing SEM images, it can be seen that ZnO nanoprisms are significantly collapsed and 

comparing EDS spectra, a new sulfur (S) peak appears in Figure 10(b’). The elemental composition of ZnO 

nanoprisms is Zn : O = 49.3 : 50.7 atomic %, and that of the nanoparticles after H2S uptake is Zn : O : S = 49.5 : 

21.6 : 28.9 atomic %. These results indicate the conversion of ZnO to ZnS and demonstrate that these ZnO 

nanoprisms can be used as a scavenger for sulfur compounds. 
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Fig. 10 SEM images with EDS spectra for (a, a’) ZnO nanoprisms grown on the Pd-activated PAN fiber and (b, 

b’) ZnO-ZnS nanoparticles after H2S uptake. 

 

Conclusion 

Hexagonal ZnO nanoprisms grow on the surface of PAN fiber in an electroless plating solution, where the 

surface of the PAN fiber is pre-activated with Pd nanoparticles through a wet process. TEM observation shows 

that Pd nanoparticles with a size of 1.8-5.3 nm are generated beneath the surface of the PAN fiber, and the 

distribution density of the Pd nanoparticles increases, as Pd-activation time increases. EF-TEM and elemental 

map data show that ZnO nanoparticles are site-selectively grown on Pd nanoseeds. SEM observation shows that 

as the Pd-activation time increases, the coverage and length of ZnO nanoprisms on the PAN surface increase, 

while their thickness is found to be thinner. As the electroless reaction time increase, the coverage, length and 

thickness of ZnO nanoprisms on the PAN surface increase. When the reaction time is 120 min, all surface of the 

PAN fibers is covered with ZnO nanoprisms and the hexagonal ZnO nanoprisms are clearly shown. EDS 

spectrum shows that the elemental composition of Zn : O is 49.3 : 50.7 atomic % and XRD analysis shows the 

typical polycrystalline Wurtzite structure of ZnO nanoprisms and the intensity become strong, as the electroless 

reaction time increases. As the ZnO-growth time increases, the H2S uptake increases. When synthetic time is 

120 min, in the initial state, H2S uptake rate is very fast and the rate steeply decreases after 7 min. The saturated 

H2S uptake weight is 27.2 wt% of ZnO/PAN fiber. These results mean that the synthesized ZnO/PAN fiber can 

be used as an adsorbent for the removal of sulfur compounds for hydrogen fuel cell applications. 
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