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 This study was performed with the goal of decreasing costs of biodiesel purification 
using membrane reactor for production of biodiesel and finding a plant that could 

produce the highest amount of oil with the least expenditure for us. The mountain 

almond or Amygdalus Scoparia plant could provide us with this need. Variables and the 
range of their evaluation are in order molecular ratio of alcohol relative to oil (1:5-1:7), 

reaction temperature (75-80ºC), amount of the basic catalyst potassium hydroxide (0/5 

to 0/75 percent by weight). The evaluation of effect of reaction time on biodiesel return 
was performed. Molar ratio shows that at a level of 1%, significance difference in the 

level of purity of biodiesel, with maximum purity at 1% by weight at a level of 95.01% 

was observed. In evaluating the effect of molar ratio of oil to methanol on biodiesel 
production efficiency, results showed that with increased molar ratio of methanol used 

in the reaction, due to equilibration of the reactions, percentage conversion increases. 

Also, at the stage of evaluating the effect of time, increased time of remaining of the 
reacting substances in the reactor increases level of conversion by the trans 

esterification reaction. The purpose of these reactions is conversion of free fatty acids to 

biodiesel. It is evident that the higher the time of remaining of the starting material, the 
more free fatty acids have the time of conversion to biodiesel and the efficiency 

increases. The highest conversion percentage was achieved after passage of 7 hours and 

was equal to 97.32%. At the stage of standard tests, biodiesel fuel from the most 
efficient reaction (97.32%) was used. Mountain almond biodiesel viscosity (4.51), flash 

point and the cetane number (52) were located in the permitted range of standard 

(ASTM) and (EN), iodine number (118) was also located in the permitted range of 
standard (EN). 

 

 
© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Motahareh Vares, Kambiz Tahvildari, Mohammad Reza Sarmasti Emami, Design and Building Membrane Reactor 

for Production of Biodiesel from Mountain Almond Oil. Adv. Environ. Biol., 8(17), 1185-1191, 2014 

 
INTRODUCTION 

 

 The importance of energy and its role in the economy and politics of today’s world is not a secret to 

anybody. This issue has significant importance not just for industrially advanced countries which are major 

users of the world’s energy source, but also for oil rich countries. In recent years, vast amount of investment and 

research has been performed with the purpose of providing appropriate resources from alternative fuels in 

various countries of the world. As a result, introducing an energy source that is clean and replaceable and 

decreases dependence on countries that have sources of fossil fuel brings us to various kinds of biofuels one of 

which is biodiesel. Biofuels (biodiesel and bioethanol) have been introduced as one of the most desired 

alternative agents. For example, considering the present laws, the European Union has become responsible to 

provide 20% of fuels used in automobile engines from biofeuls by 2020 [7]. Additionally, the capacity to 

produce and level of demand for biodiesel in the world has grown in recent years and its future outlook is very 

hopeful [1]. Off course, biodiesel and bioethanol also faces the problem of having low energy content and low 

cetane number. Additionally, they cannot be directly used in present motor diesels and structural revisions need 

to be made on the engines. 

 Biodiesel is fatty acid methyl or ethyl esters with long chain which is produced form replaceable natural 

resources such as plant oils or animal fat that can only be used as fuel in internal combustion engines and 

heating systems [2]. 
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 Biodiesel producing systems are called reactors. Reactor is the only place in which all chemical conversion 

processes occur. In general, the processes are divided into two groups of continuous process and batch system. 

 In continuous stirred tank reactors (CSTR), reactors for successive reactions have been placed and 

substances after the initial reaction in the first reactor are sent to the next. The determining factor in designing 

CSTR’s is having continuous outpour, sufficient and appropriate stirring in the reactors. Batch systems: in this 

system, reacting substances are placed in the reactor with predetermined amounts and the material react with 

each other under controlled temperature, pressure and stirring speed condition. The kind of substances in the 

reactor changes with time and when the predetermined time for the reaction ends, produced substances are 

removed from the reactor and are sent to next containers for subsequent activities such as settlement with 

gravity or centrifugation, washing, drying or glycerin purification. 

 Batch reactors common in biodiesel production are limited by technical problems such as: speed of reaction 

due to transfer of mass between the two unmixable phases of oil and alcohol. As a result, more energy is needed 

for mixing. Several stages of downstream processes are needed for achieving purified biodiesel which leads to 

high use of water and has with it the problems of purifying the water used. Trans esterification is an equilibrated 

reversible reaction that in case of lack of removal of products creates high limitation in conversion of raw 

material. 

 The described problems in biodiesel production can be improved by technologies that intensify the 

processes. These technologies include using new reactors with the purpose of increasing reaction speed and 

decreasing time of residence. Recently, new reactors such as the micro-channels reactors, rotating/spinning tube 

reactors, cavitational reactors and microwave reactors have been developed and have been used in biodiesel 

production with the purpose of improving mixing and transfer of heat/mass between oil and methanol. 

 All these reactors have the purpose of direct or indirect resolution of problems of mixing and transfer of 

mass/heat between the reacting materials in common diesel production. Yet, none of the mentioned reactors can 

help the problem discussed with the chemical equilibrium of transesterification such as by changing the 

direction of the equilibrium reaction towards products by way of separation/minor purification. In this regard, 

particularly membrane reactors present an interesting technology for intensification of the process of biodiesel 

production [1]. 

 The limiting factor for use of biodiesel as fuel is development of technology for its separation and 

purification. Additionally, the process of washing it with water creates wastewater which leads to environmental 

pollution and the costs of purifying the wastewater also increases the final product price. Overall, results of 

research show that this method due to high energy, use of water and creation of wastewater should be totally 

dismissed. Yet, the technology of biodiesel purification with membrane takes less energy and is almost water 

free. The membrane method can lead to production of biodiesel with a higher degree of purity and does not 

create pollution or waste water. Successful use of membrane technology in purification of raw biodiesel has 

again created the motivation for commercial development of biodiesel production in recent years. Membrane 

reactors can produce biodiesel with high quality due to selectivity of membranes in penetration of products and 

inhibition of glycerides and soap. On the other hand, the main barrier to commercialization of biodiesel is its 

high cost which is mostly due to the price of pure plant oil as food. As a result, in this study it has been tried to 

decrease the costs of purifying biodiesel using membrane reactor for biodiesel production and to find a plant that 

can produce the highest amount of oil for the least amount of expenditures. Mountain almond was able to 

provide this need for us. 

 

Production of Biodiesel using Membrane Reactor: 

  Separating membranes have been well used for technologies such as purification of water, separation of 

proteins and gasses. Synthetic membranes are used in reactors for separation of reaction products as soon as 

they are formed. Of advantages of membrane reactors are decreased costs of separation and return of substances 

to the reaction by omission of unwanted side reactions and achieving higher levels of transformation with 

improvement of thermodynamic limitations. 

 In fact, membrane reactors are instruments for co performance of the reaction and separation on the basis of 

a membrane that can be used for various purposes such as intensification of contact between reacting agents and 

catalysts, selective omission of products from the reaction mixture, and control of addition of reaction agents to 

the reaction mixture. In addition, membrane reactor can overcome the equilibrium conversion limitation of 

commonly used reactors and achieve maximum equilibrium conversion and improve the overall direction of the 

reaction. Methanol recycling in the production of biodiesel in a membrane reactor. 

 As shown in Figure (1), for the transesterification reaction using the membrane process, initial dissolution 

of methanol/catalyst happens in the feeding tank. Next, oil and methanol/catalyst are dissolved and are sent to 

the premixing tank to form the reaction mixture. Before beginning the process in the membrane reactor, using a 

heat exchanger the mixture of oil/methanol/catalyst is heated to reach appropriate temperature. At the same time 

that oil and alcohol react, in the ideal biodiesel situation, glycerol and intermediaries (diglyceride and mono 

glyceride) are formed. At the end of the ester exchange, two polar phases form. The polar phase is preferably 
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rich in biodiesel and the nonpolar phase is preferably rich in glycerol. Based on the kind of condition of the 

activity and the molar ratio of oil/methanol used, the penetrating flow can preferably include biodiesel and 

contain a small amount of methanol, diglyceride, monoglyceride and catalyst. Methanol recycling in the 

production of biodiesel in a membrane reactor. 

 

 
 

Fig. 1: The transesterification reaction using membrane reactor. 

 

 Dube and colleagues (2007) developed the first membrane reactor with a tube made of carbon using canola 

oil that had good ability for separation of unreacted canola oil form the reaction products in both acidic and 

basic transesterification “Biodiesel production using a membrane reactor”, Bioresource Technology. 

 Similarly, Cao and colleagues (2008) esterified trans oils of many plants such as canola, soya and palm 

using membrane reactor. The glycerol content of the biodiesel product using membrane reactor was significantly 

a lot less than the biodiesel product from commonly used Batch reactions. 

 Sack and colleagues used a fixed bed membrane reactor to produce biodiesel fuel using a basic solid 

catalyst (potassium hydroxide catalyst on an active carbon base). During the transesterification, the membrane 

reactor was able to inhibit glyceride but biodiesel and side product of glycerol passed through the pores of the 

membrane along with methanol due to smaller molecular size. Ninety four percent transformation was obtained 

at 70ºC temperature, 157.04g catalyst for each unit of reactor volume and with a turning speed of 0.21 cm/s. 

 

The Mountain Almond Plant: 

 Mountain almond is from the Rosaceae family. This plant grows in mountainous areas in the provinces of 

Fars, Khouzestan, Sistan and Baluchistan, Yazd, Araq, Kurdistan, Bakhtiari, Tehran, Mianeh and Lorestan and 

in various kinds of soil. Some of the criteria for selecting the oil extracted from Amygdalus Scoparia plant as 

raw material for production of biodiesel are: 

-This plant’s seed contains high amounts of oil, near 50-53% and can belong to the oleic-linoleic group in 

classification based on the composition of fatty acid. 

-This plant is endemic to Iran and is found in wild form in many regions and its resistance to dryness, salinity, 

heat and extreme sunlight has led to its distribution in many places in the country of Iran and it does not need 

fertile soil for plantation. 

-Considering its low price, the price of final diesel produced decreases and makes biodiesel competitive with 

diesel fuel [6]. 

 

Wild Mountain Almond Oil a Source for Production of Biodiesel: 

 Bitter wild mountain almond seed has 50-55% oil and is very important for this reason. Up to now, 

extensive research regarding its oil has not been performed. Results from the only research about the oil of this 

kind of wild almond have been summarized in Table 1-3 [5]. 

 
Parameter Wild Almond Oil (Amygdalus Scoparia) 

Fatty acid %  

C14:0 0/09±0/15a 

C16:0 8/86±0/23b 

C16:1 0/64±0/04b 

C18:0 2/76±0/06b 

C18:1 62/81±0/98a 

C18:2 23/54±0/28a 

C18:3 0/80±0/38a 
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SFA 11/75±0/41b 

MUFA 63/45±0/43a 

PUFA 24/35±0/25a 

USFA/SFA 7/50±0/21a 

Oxidation Index 3/23±0/03a 

Iodine Number (gm Iodine molecule in 100gm oil) 97/32±0/31a 

Saponification Number (mg Potash in gm oil) 98/60±0/17b 

Nonsaponifiable Agents (percent) 5/32±0/44a 

Sterol Compounds (percent) 5/15±0/37a 

Tocopherol Compounds (mg in Kg oil) 744/98±19/69a 

Phenol Compounds (mg in Kg oil) 37/18±2/73a 

Wax (percent) 4/08±0/05b 

 

MATERIALS AND METHODS 

 

 In this study, biodiesel was prepared from extracted oil from bitter wild almond plant seed by the method of 

transesterification with basic catalyst in a membrane reactor and additionally, standards of the produced fuel 

were determined. Meanwhile, for assurance of reaction progress and transformation of acid to ester, FTIR 

spectrum was taken from the sample biodiesel produced. Additionally, some methyl ester compounds were 

identified using gas chromatography-mass spectroscopy (GC-MS). Primary materials in this study-potassium 

hydroxide catalyst 99% (KOH)-Germany’s Merck-normal hexane 99% (N-Hexan)-Germany’s Merck-Methanol 

99.5% (Methanol)-Germany’s Merck-distilled water and seeds of bitter wild almond collected from the 

Boushehr Province. Characteristics of the membrane used are shown in Table (1). 

 
Table 1: Characteristics of the Membrane Used. 

Microfiltration membrane Base Variety 

50 micrometer Average Pore Diameter 

Tube form Form 

Inner diameter 6mm-outer diameter 10mm Dimensions 

30cm Length 

Caspian/Iran Producer 

 

Preparation of Mountain Almond Oil was as below: 

Oil Extraction: 

 After drying and separating the peels of the sample, the kernels were powdered in a mill and were mixed 

with normal hexane with a weight to volume ratio of 1 to 4. Extraction was performed for 24 hours at the 

normal hexane boiling point (70 
0
C) by the reflux system. Ultimately, for removal of water from the extracted 

oil, sodium sulfate at the level of 1% of the weight of the oil was added and the mixture was mixed for 20 

minutes at 60 
0
C. The maximum extracted oil from the bitter mountain almond kernel was 53%. For 

determination of the acidic number of the bitter mountain almond oil: the titration method was used for 

measuring percent free fatty acids. Presence of more than 1% free fatty acid in the oil leads to side reactions and 

by saponification of the reaction prevents appropriate separation of the organic and water phases. Under these 

conditions, free fatty acids should be methylated using the transesterification reaction and reach a level less than 

1%. The more the free fatty acid present in the primary material of oil for the transesterification reaction, the 

more catalyst is needed. Using the above relationship, percent free fatty acid in the mountain almond oil was 

0.77% and acidic number was 1.5. 

 

The Transesterification Reaction of the Bitter Mountain Almond Oil Using Membrane Reactor: 

 In this part, the research method was performed in 4 stages 

 Stage one: To evaluate the effect of the weight of the catalyst, during 4 experiments in 2.5 hours, reaction 

container (bitter mountain almond) was sent into the reactor. After 2.5 hours, contents of the reactor were 

removed and were heated to 60 
0
C again for half an hour and re sent into the reactor. After passage of 2.5 times, 

using the vacuum pump, biodiesel exited from the bottom exit of the reactor and was transferred into the 

decanter. Using the membrane reactor built, biodiesel alone left through the bottom exit and the stage of 

separation of biodiesel and glycerol was omitted. To obtain IR spectrum, washing with water was continued 

until the environment was completely neutral PH=7. Next, the ester obtained was placed in a beaker and to 

remove its remaining water, it was heated for 20-30 minutes over a heater using various amounts of sodium 

sulfate in each experiment. After all the water in the ester evaporated, its weight was measured. It should be 

noted that when using this kind of catalyst during washing with water, it is better to use distilled water with a 

temperature of 75-80
0
C so that the produced soaps dissolve by heat and get washed out. Table (2) shows the 

results obtained from each stage of the experiment. 

 Stage Two: Evaluation of effect of the molar ratio of oil to methanol on biodiesel return. In this part, the 

experiments were performed with all the methods presented in the previous section, with consideration that in 
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the previous experiments 0.5gm of potassium hydroxide catalyst had shown the highest efficiency for biodiesel 

production. As a result, the reaction was performed with 50gm oil and 0.5gm potassium hydroxide catalyst but 

with different molar ratios of oil to methanol. After 5 hours, all stages presented in the first test including 

washing with water and removal of water with sodium sulfate were similarly performed in this experiment. 

Results obtained from the second stage are shown in Table (3). 

 Stage Three: The effect of reaction time on biodiesel return has been evaluated. At this stage, experiments 

were performed with all methods and amounts presented in the first stage (with 0.5gm potassium hydroxide 

catalyst and a molar ratio of oil to methanol of 6:1) and only the time of reaction was changed from 5 hours in 

the previous sections to 1 hour. In this experiment, after passage of 30 minutes reaction time, reactor contents 

were removed using a vacuum pump and were heated at 60 
0
C for 30 minutes using the heater and were 

subsequently returned into the reactor. After 30 minutes, all works done in the first step including washing with 

water and removal of water with sodium sulfate was similarly performed in this experiment as well. Results 

obtained in this stage have been shown in Table (4). 

 
Table 2: Evaluation of the effect of catalyst weight on the biodiesel production efficiency. 

Efficiency of producing 

methyl ester based on 

mass of biodiesel 
produced to mass of oil 

used 

Mass of biodiesel 

produced (gr) 

Time Molar ratio of oil to 

methanol 

Potassium hydroxide 

catalyst weight (gr) 

95.01% 47.523 5 hours 6:1 0.5 

87.348% 43.674 5 hours 6:1 0.25 

75.31% 37.657 5 hours 6:1 0.125 

84.63% 42.316 5 hours 6:1 0.075 

 

Table 3: Evaluation of effect of molar ratio of oil to methanol on biodiesel production efficiency. 

Efficiency of methyl 
ester produced based on 

mass of biodiesel 

produced to the mass of 
oil used 

Mass of biodiesel 
produced (gr) 

Time Molar ratio of oil to 
methanol 

Potassium hydroxide 
catalyst weight (gr) 

89.63% 44.819 5 hours 5:1 0.5 

42.514% 42.514 5 hours 4:1 0.5 

85.01% 42.483 5 hours 7:1 0.5 

 
Table 4: Evaluation of effect of reaction time on biodiesel production efficiency. 

Efficiency of methyl 

ester produced based on 

mass of biodiesel 

produced to the mass of 

oil used 

Mass of biodiesel 

produced (gr) 

Time Molar ratio of oil to 

methanol 

Potassium hydroxide 

catalyst weight (gr) 

86.42% 43.212 1 hour 6:1 0.5 

88.72% 44.362 3 hours 6:1 0.5 

97.32% 48.66 7hours 6:1 0.5 

 

 Stage Four: After performing the process of biodiesel production, evaluation of the characteristics of the 

biodiesel fuel obtained from bitter mountain almond using a viscometer according to ASTM D standard was 

performed to determine the quality of the produced biodiesel. To determine the percentage by weight of esters 

present in the samples, gas chromatography was used. The GC column used is a polar kind (30m*32/0mm), 

model CP9080 and with film thickness of 0/25 mμ specified for biodiesel fuel. The term saponification shows 

hydrolysis of an ester to alcohol and acid or salt. Saponification number is dependent on the mean molecular 

weight of the oil and the cetane number in this research was obtained using GC spectrum. Results of this part of 

the experiment have been shown in Table (5). 

 
Table 5: Comparison of the characteristics of the produced biodiesel with the standard (EN and ASTM). 

Unit Amount measured 

for the oil 

Amount measured 

for the produced 
biodiesel 

EN limit ASTM permitted 

range 

Characteristics 

C° 300< 137.5 At least 130 At least 130 Flash point 

cSt 34.1 4.51 3.5-5 1/9-6/0 Viscosity 

C° - 0 Based on weather 

conditions 

- Cloudy point 

C° - -10 Based on weather 

conditions 

Based on weather 

conditions 

Pouring point 

- 1.5 0.14 At most 0.5 At most 0.5 Acidic value 

gr/cm3 0.91 0.883 0.86-0.9 - Density 

wt. percent - 52 51 At most 47 Cetane number 

wt. percent 97.32 118 At most 120 - Iodine number 
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 After performing the transesterification reaction and the stage of separation and purification, FTIR spectrum 

is obtained for the produced samples for assurance of complete synthesis of methyl esters and compared with 

methyl stearate standard (Table 5). In this study, to gain assurance of complete synthesis of biodiesel from 

triglycerides, the spectrum for methyl stearate was obtained as standard and the spectrum of biodiesels produced 

were compared with it. 

 
Table 6: Index peaks in the biodiesel FTIR spectrum. 

Intensity Kind of Vibration Factor group Frequency cm-1 

Moderate Flexural -O-CH3- 1436 

Moderate Kinetic -O-CH3- 1197 

Severe Tensional -C-O-CH3- 1171 

 

Discussion and Conclusion: 

 In this study, oil extracted from mountain almond seed was selected as raw material for biodiesel 

production. In most studies performed up to today, initially the trans esterification reaction is performed and 

separation with membrane is performed next. Yet, in this study, reaction and separation occur at the same time. 

As a result, the process designed in this study shows possibility of a continuous and simpler scale up process. 

The product of the membrane reactor in this research does not need a separate process for purification and is 

usable with the least purification. 

 To study the effect of catalyst amount on the conversion reaction percentage, in this study, potassium 

hydroxide was used as the most commonly used catalyst in the biodiesel industry. Results showed that the effect 

of catalyst on level of conversion reaction at a level of 1% is completely meaningful. With increased percentage 

by weight of the catalyst, amount of methyl ester produced increased and at levels higher than 1%. The 

maximum purity of biodiesel was 1% by weight and at a level of 95.01%. At higher percentages, due to 

presence of free fatty acids and production of soap in the presence of basic catalyst, the viscosity of the reaction 

mixture increases and leads to decreased effective mixing in the reactor and percent conversion reaction (Table 

2). In evaluation of the effect of the molar ratio of oil to methanol on the efficiency of biodiesel production, it 

was shown that with increased molar ratio of methanol used in the reaction, due to equilibration of the reactions 

present and according to Le Chatelier’s principle, the biodiesel production reaction had more progress and the 

percent conversion reaction increased. Regarding molar ratios higher than 1 to 6, level of purity of the produced 

biodiesel decreased, the main reason of which was that increased methanol in the reaction mixture leads to 

increased glycerin and alcohol dissolution in the biodiesel and effects its purity to a detectable level and 

decreases it. Table 3 shows the effect of molar ratio of oil to methanol on the efficiency of biodiesel production. 

The effect of time of remaining of reacting agents in the reactor on the level of conversion reaction of 

transesterification was evaluated. The purpose of these reactions was transformation of free fatty acids to 

biodiesel. It is obvious that the longer the remaining time, the more free fatty acids have time for transformation 

to biodiesel and efficiency increases. The highest percent transformation occurred at 7 hours and equivalent to 

97.32% (Table 4). 

 At the stage of standard fuel tests after biodiesel production with the homogeneous potassium hydroxide 

catalyst, the biodiesel produced in the most efficient reaction (97.32%) was used and showed that the viscosity 

of the mountain almond oil was 34.1 cSt and if this oil is directly used in common diesel engines, due to high 

viscosity and lack of atomization, problems such as incomplete combustion of fuel and delay in ignition can 

happen. On the other hand, with formation of a layer of non combusted fuel on the surface of the cylinder wall, 

the work of the lubrication system becomes disrupted. As a result, after performing the trans esterification 

reaction of the mountain almond oil with the homogeneous potassium hydroxide catalyst in this study, viscosity 

has dramatically decreased such that the biodiesel viscosity was 4.51 cSt and density was in the permitted EN 

standard range and the flash point of the produced biodiesel was in the permitted ASTM and EN range. The 

flash point of the mountain almond biodiesel was 135.7ºC which has decreased compared to the oil because due 

to the transesterification reaction short chain compounds such as methyl esters are produced compared to the oil 

which has a triglyceride and branched structure. High flash point is because of low amounts of short chain 

compounds and high amounts of compounds with long chains with 18 carbons and high level of saturation. 

Since the fatty acid prevalent in the mountain almond biodiesel is oleic (18 carbons) acid, the flash point of the 

compound is high. Since the flash point of the produced biodiesel is higher than gasoline, its storage and 

transportation is easier and safer compared to gasoline which is considered one of the advantages of this fuel. 

Cloudy and pouring points have not been assigned in the ASTM and EN standards and are a range for biodiesel 

fuel cooling characteristics which needs to be determined in each region based on weather conditions. 

According to Table 4, pouring and cloudy points for the produced biodiesel is -10 and 0ºC respectively. Acidic 

value is in the range permitted which shows that the purification stage has been performed acceptably. The 

lowest amount of cetane number in ASTM is 47 and in EN, it is 51. In this study, the cetane number for 

biodiesel is 52 which is in the permitted range of standards. The iodine number has not been considered as 
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standard experimentation for biodiesel in ASTM, but it has been in EN. Considering the results obtained, the 

iodine number for the biodiesel produced is in the standard EN permitted range. 

 Evaluation of the FTIR range of the biodiesel: the IR range of methyl esters (biodiesel) is to a great extent 

similar to oil and only in some cases such as the region of fingerprinting it is different from the relevant oil 

range. Since the only change in the structure of oil is removal of glycerol and its replacement by methanol in the 

hydrocarbon chain, the IR range of methyl esters is to a great extent similar to the range for triglyceride oils and 

the most difference is related to the region of 1000-15000 and by this way one can determine complete synthesis 

of biodiesel. In the methyl stearate spectrum, 1436 cm
-1 

and 1197 cm
-1

 peaks are related to the flexural and 

swinging vibration of O-CH3 group which is not found in the triglyceride spectrum, because triglyceride 

contains O-CH2- and O-CH- groups. Additionally, the 1163 cm
-1 

peak in the triglyceride spectrum belongs to the 

tensional vibration of the C-O group connected to CH3. 
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