
MATERIALS AND METHODS
CHAPTER III

3.1 Materials

The dry powder o f  cassava waste was obtained from  cassava flou r plant. 

Glucose, fructose, xylose, d im ethyl sulphoxide were purchased from  Wako Pure 

Chemical Company (Osaka). Sulfuric acid and naphthalene were purchased from  

Fluka and Merck, Singapore.

3.2 Preparation and characterization of catalyst

3.2.1 Preparation of catalyst

Naphthalene (20 g) was heated w ith  concentrated sulfuric acid (>96%, 200 

m L) in  a 4-neck round bottom  flask, at 523 K  under a f lo w  o f  nitrogen as shown in  

Figure 3.1. When heating naphthalene and sulfuric acid, 1000 m l flask containing 

about 300 g o f  activated carbon was connected to the heated flask to adsorb acid 

vapor. A fte r heating fo r 15 hours, the nitrogen in le t f lo w  was closed, the flask 

containing activated carbon was connected to a vacuum pump and the dark brown tar 

in  the round bottom flask was heated at 523 K  under vacuum fo r 8 hours to remove 

the excess sulfuric acid. It  is noted that the round bottom flask and a ll the connections 

were made from  glass o f  P Y R E X ®  tubings. The black solid occurred in  round bottom 

flask was then ground to powder, and was washed repeatedly in  bo iling  water un til 

sulfate ions were no longer detected in  the washing water.

Figure.3.1 Apparatus setup for catalyst preparation instrument (1 : round 

bottom 4-neck flask, 2 : nitrogen inlet, 3 : thermometer, 4 ะ connection tube, 5 ะ 

vacuum pump, 6 : flask contained the activated carbon)
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3.2.2 Catalyst Characterization

Boonnaul et al used the carbon based catalyst in  reactive extraction to separate 

1,3-PDO from  a model solution o f the fermentation broth and they characterized this 

catalyst as fo llo w

3.2.2.1 Surface area, pore volume and sulfer content

The tota l surface area and pore volume o f catalysts were determined using a 

M icrom eritrics model ASAP 2020. The 0.5 g o f sample cell was placed into 

M icrom eritrics model ASAP 2020. A fte r degassing, N 2 physisorption was carried out 

fo r measuring the surface area and pore volume o f  catalyst. The neutralization 

titra tion was applied in  order to calculate the amount o f  the acidity. Here, mixture o f 

iso-propyl-a lcohol 12.5 m l and toluene 12.5 m l was replaced in  100 m l flask then 

added 1 gram o f  novel carbon based catalysts and 0.5 m l o f  phenopthalene. This 

solution was titrated w ith  0.25 m olar o f  K O H  [A S T M  D6751]. The BET 

characterization results fo r the prepared carbon based catalysts and the amount o f 

acide are shown in  Table 3.1

Table 3.1 Physical properties o f  carbon based catalyst

B ET surface 

area (m 2 g '1)

Pore volume 

(cm 3 g '1)

Sulfur content 

(m m ol/g)

1.1 0.07 1.46

3.2.2.2 Concentration of acid sites

The su lfur content o f sulfonated carbon based catalysts was determined by 

Inductive ly Coupled Plasma-Mass Spectrometry (ICP-M S) using 7500a ICP-MS 

(from  A g ilen t, Japan). In  detail, the catalyst was digested w ith  5 m L  o f  H N O 3 
(Suprapure, 65% v /v , M erck, Germany) and made up to 25 m L  w ith  ultrapure water at

18.2 m ü , using Anton Paar M icrowave Digester (Anton Paar, Austria) fo r testing. In 

addition, The X R D  o f sulfonated carbon-based catalyst was identified to confirm  the 

sulfonated group by SIEMENS, D500 X -ray D iffractom eter (Germany) using N i- 

filtered C uK a radiation. The measurements were carried out in  the 2© range o f 10-80 

degree at the scan step o f  0.04 degree. The result o f  the sulfur content o f  sulfonated 

carbon based catalysts was shown in  Figure 3.2 and 3.3. Figure 3.2, showing the 

sulfonic group that was confirmed by the 1R spectra. The strong absorption at 1600 - 

1800 cm -1 w h ich  confirmed the existence o f the s=0 stretching and the absorption at



26

2600-3500 cm-1 confirm ed the existence o f  OH functional group [M o, 2008], In 

addition, the X R D  result o f  the catalyst shown in  Figure 3.3 confirmed the sulfonated 

group o f  the carbon-based catalyst at 29=12 and the carbon at 20=25.

F igu re  3.2 FT IR  spectra o f  sulfonated carbon based catalyst.

F ig u re  3.3 XR D  o f sulfonated carbon-based catalyst.



27

3.3 Experiment

3.3.1 Determination of suitable conditions for cassava waste conversion to 

H M F and furfural

The apparatus used fo r this experiment is shown in  F igure 3.4, which consists 

o f  a 8.5 m l ss 316 stainless steel reactor, a furnace heater, and a temperature 

controller. The reaction was carried out in the reactor, in to w h ich  0.1 g o f the dry 

powder o f  cassava waste and the reaction medium (2 w t % dry  cassava waste) were 

charged. The reaction system was heated by a furnace heater to the desired 

temperature, and was controlled at a constant temperature by a contro ller connecting 

to it. The reaction was allowed to take place for a specified reaction time, after which 

the reaction was quenched in  a water bath. The effects o f  reaction temperature, 

reaction time, type o f  reaction medium, types and dose o f  catalysts (carbon-based 

catalyst and conventionally used catalysts) were determined on the production yield. 

The ranges o f  d ifferent variables studied are summarized in  Table 3.2.

Pxetta

t
Temperature Control Heater

T h e rm o c o u p le

T i
Temperature Control

Figure 3.4 Experiment setup



Table 3.2 Experimental ranges of different conditions for cassava waste conversion

Fixed variable variables Range

1. To determine the com position 

o f  m edium

Temperature at 250 ๐c C om position  o f  

m edium

Acetone/D M SO  (70:30 พ /พ ) to water 

100:0, 90:10, 80:20, 70:30 to 0:100 (pure water)

Catalyst W ithou t catalyst 0.1  g o f  carbon based catalyst

2. To determine the suitable 

temperature

C om position

o f  m edium  and catalyst from  

section 1
Temperature 1 8 0 ,1 9 0 ,2 0 0 ,2 1 0  and 2 20 °c

3. To determine the suitable tim e C om position o f  m edium  

catalyst and temperature from  

section 1 and 2
Tim e 0, 2, 5, 7, 10, 12 m in

4. To determine the dose o f  

Catalyst

Suitable cond ition  from  section 

1,2 and 3

Dose o f  carbon based 

catalyst 0.05 g, 0.1 g and 0.15 g

5. To compare the ac tiv ity  o f  

catalyst.

Suitable cond ition  from  section 

1 2, 3 and 4 K in d  o f  catalyst

Carbon based catalyst, 

sulfate z ircon ia  and H 2SO4
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3.3.2 Determination of the reaction pathway of H M F  and furfural 

production using carbon based catalyst

To understand the reaction pathway, the reactions o f  fructose, glucose, xylose, 

hemicelluloses and cellulose were examined in the reaction medium at the most 

suitable composition determined previously. 0.1 g o f  each substrate and medium at 

suitable -composition (2 พ  % o f  substrate) were charged in  reactor. Fructose, glucose 

and xylose were reacted at 200°c  w h ile  hemicelluloses and cellulose are reacted at 

230°c. The reactions were carried out w ithout and w ith  o .lg  o f  carbon based catalyst 

fo r various times (0, 2, 5, 7, 10 and 12 min).

3.3.3 Determination of catalyst recycling

For possib ility  o f  recycling the catalyst, the reaction was carried out 4 more 

times after the in itia l use. The reaction o f  0.1 g o f fructose and medium at suitable 

com position (2  w t % o f  fructose) was carried out at 230 ° c  w ith  carbon based catalyst 

at suitable dose.

3.4 H P LC  Analysis

3.4.1 H M F and furfural

The quantification o f  H M F  and furfura l in the liqu id  product were conducted 

by using a h igh performance liqu id  chromatography ( HPLC, Summit, D ionex Co., 

Germany) w h ich  consist o f  a D ionex P D A -100 photodiode array detector, a D ionex 

P680 pump system, a D ionex STH585 column oven and a D ionex ASI-100 automated 

sample in jector equipped w ith  a Shodex RSpak KC-811 (8.0m m ID *300m m ) column. 

The concentration o f  H M F and furfura l are analysed based on บ V  absorbance at 280 

nm by comparing to the corresponding standard curves. Phosphoric acid (H 3PO4) was 

used as the eluent at a flo w  rate o f  0.4 m l/m in. Injection volum e was 20 pi. The 

retention tim e fo r H M F and furfura l was 49.5 and 80.5 m in, respectively.

3.4.2 Glucose, fructose, xylose and 1,6-anhydroglucose

The liq u id  products were analyzed by HPLC to quantify  the amount o f  

glucose, fructose, xylose and 1, 6 -anhydroglucose in  the liq u id  product. The reversed 

phase H PLC analyses were carried out using Lichrocart N H 2  2 5 0 x 4  mm  column, a 

D iode A rray  Detector M odule 335 and an automatic injector. The m obile phase was 

98% acetonitrile in  water, and the f lo w  rate was at 1 m l/m in . The sample in jection 

volume was 20 p i. The retention tim e fo r AH G , xylose, fructose and glucose are 3.3, 

4.9, 7.2 and 8.1, respectively.
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