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LETTEU O~ TRANSMITTAL 

This report is submitted by the Indian Institute of 

Chemical Technology, Hyderabad, India ( IICT) to the United 

Nations Industrial Development Organization, Vienna, Austria 

(UNIOO) in terms of Article 4(c) read "''ith Article (g) of 

Annexure B of the Contract No. 93/042 between UNICO and IICT. 

The scope of IICT services as enjoined in the Terms of 

Reference of the above stated contract consisted of training 

two scientists from the Design and Research Institute for 

Petrochemical Engineering, Jilin, China (DRIPE) by and at 

I ICT in the preparation of 10-undecenoic acid from castor 
oil. The two scientists from DR I PE, Mr. Li Huai and Mr. 

Li Huai Liang were at IICT from 7th January 1994 to 16th 

March 1994 for training. IICT trained the above named scien

tists from DRIPE during their working at IICT in preparation 

of 10-undecenoic acid from castor oil as stipulated in Article 

(c) of Annexure B of the said contract and to the full satis-
faction of the scientists from DRIPE. The two scientists 
from DRIPE sign this 

their satisfaction of 

the IICT. 

for and on behalf 
of DRIPE 

;rt 
( '~___...... . / 

Mr. Li Huai 

Yb·t 
Mr. Li Huai Liang 

letter of transmittal as a proof of 

the training received by them from 

for and on behalf of 
the IICT 

~/~ 
( -r. f'J . p., . /c A I H t\-L--) 

W11R I HEAD 

"' "' """ 1lllllf OILS & FATS DIVISION 

~ '""qf!i• sftcilr11¥'I 1fPfR 
l'OAN INSTITUTE OF CHEMICAL TH t I'.~ >l 0CY 

•cu••< I HYOERABAD·SOO n; 



SYNOPSIS 

Mr. Li Huai and Mr. Li Huai Liang, scientists from the 

Design and Research Institute for Petrochenical Engineering 

(DRIPE), China, arrived at the IICT on January 7, 1994. After 

preliminary discussions, a plan of action was drawn up according 

to which a preliminary run followed by three demonstration runs 

were to be carried out by JICT scientists in one ;nonth' s time. 

These runs have been successfully completed within the stipulated 

time at the scales and yields agreed upon in the contract. 

Results of these demonstration runs are summarized and given 

below. As the results show, all the contractual obligations hav~ 

been fully met. Details of the runs along with the relevant data 

sheets are given under PART A. PART B gives the results of the 

runs conducted by the Chinese scientists themselves as part of 

the training programme. Their results further corroborated the 

results obtained during the demonstration runs. 
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SCOPE 

JICT will train two scientists from DRIPE at IICT in 

preparation of 10-undecenoic acid giving a reaction yield of not 

less than 70-72 grams in con~~rsion of castor oil to 

10-undecenoic acid from 200 grams of castor oil containing not 

less than 85% of ricinoleic acid and free fatty acid not more 

than 2%, in the following manner: 

Step 1 - Methanolysis 

methyl esters. 

3? kg castor oil per batch to obtain 

Step 2 - Pyrolysis of castor methyl esters 1.0 kg/hour 

continuous process to obtain pyrolysed products, 36 

hours continuous operation. 

Step 3 - Distillation of pyrolysed products 1 kg/batch to 

obtain methyl undecenoate inciuding free undecenoic 

acid, if any. Heptaldehyde is collected as a by-product. 

Step 4 - Hydrolysis of methyl undecenoate 1.0 kg/batch to 

obtain 10-undecenoic acid. Purity of 10-undecenoic acid 

obtained will be minimum 95% by GC analysis. 
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PUTA 

1. INTRODUCTION 

Castor oil is unique in that it contains a high percentage 

of ricinoleic acid (12-hydroxy-cis, 9-octadecenoic acid). When 

heated to 

pyrolysed 

high temperatures (500-60o•c> ricinoleic acid is 

into 10-undecenoic acid and heptaldehyde. Undecenoic 

acid is the precursor ~n the manufacture of Nylon 11 (Rilsan) via 

bromination, amination and polymerization. Rilsan is an 

engineer~ng plastic used in the manufacture of automotive 

components, for electronic parts, in the sports goods industry, 

for rollers and bearings for conveyors, for flat and tubular 

films for packaging, for dry powder coatings, etc. Ondecenoic 

acid can also be used in the manufacture of perfumery chemicals, 

such as t-undecalactone, isojasrnone and macrocyclic lactones and 

ketones. PEG monoesters of undecenoic acid and undecyl sulfate 

exhibit excellent surfactant properties. Undecenoic acid also 

finds use in the production of bactericides, fungicides and 

innect sprays. 

Heptaldehyde is the starting material for valuable perfumery 

chemicals such as u-amyl cinnamaldehyde, methyl heptyne carbonate 

and nonalactone. Heptaldehyde can be easily oxidized to 

heptanoic acid, the esters of which with polyols are valuable 

lubricants. Heptylalcohol, produced by the reduction of 

heptaldehyde, is an industrial solvent for plastics and resins 

and ia also used in cosmetics. 
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2. CHEMISTRY OF THE PROCESS 

Pyrolysis of ricinoleic acid is believed to take place 

according to the following scheme: 

C83(CH2)sCH-CH2-CR=CR-(C82)7C008 

OH 

Dehydration 

-820 

C83 (C82 ),CH=CH-CH2-CB=CB-CCH2 )7COOB 

+ 

C83(CH2 )sCHO 

+ 

According to this scheme, a tautomeric form of ricinoleic 

acid can undergo two reactions simultaneously. l> dehydration to 

produce a mixture of conjugated and nonconjugated dienoic acids 

and 2> decomposition to heptaldehyde and undecenoic acid. Under 

the influence of the high temperature these primary products can 

further react to form polymeric and other products thus bringing 

down the yield of the desired products. 
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3.0 PROCESS DETAILS 

Pyrolysis of castor oil can be divided into four steps 

namely: 

a) Methylation of castor oil to produce the methyl esters, 

b> Pyrolysis of methyl esters, 

c) Distillation of the pyrolyzed products, to recover 

methyl undecenoate and heptaldehyde, and 

d> Saponification of methyl undecenoate to produce 

undecenoic acid. 

Operations <a>, <c> and <d> are batch operations while <b> 

is a continuous one. The process is schematically described in 

the annexed flow sheet. 

3.1 METHANOLYSIS OF CASTOR OIL 

This step is carried out on 45 kg castor oil/batch scale in 

a 100 1 glass reactor <Rl01) equipped with a turbine type 

stirrer, glass condenser (El01) and a glass coil which can be 

heated with steam and cooled with water. Castor oil <45 kg> is 

charged into the reactor along with about 6 kg methanol and 

heated under stirring to 4o•c. Sodium hydroxide pellets (315 g) 

dissolved in about 3 kg methanol are added slowly to the reactor 

in 15 min. The temperature is maintained at ca. 4o•c and the 

reaction mixture is stirred at this temperature for 3 h. Comple

tion of the reaction is checked by TLC on silica gel coaL,·~ 

microslides using the solvent system hexane-ether (70:30, v/v). 
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Sulfuric acid <215 ml> dissolved in one litre water is added to 

neutralize the sodium hydroxide and the steam heating 1s put on. 

The temperature is raised to 75 to ao•c and the pressure is 

reduced slowly to ca. 180 mm ~g to distil off the excess 

methanol. Tap water ClO kg> containing 15 ml sulfuric acid is 

then added under stirring. The stirring is continued for 5 min. 

at ao•c and the contents are then allowed to separate for 30 min. 

The acidic aqueous glycerol layer is drawn off and stored 1n a 50 

l carbuoy. Hot water <10 kg> is added to the reaction product 

and mixed at ao•c for 5 min. The layers are allowed to separatr. 

<30 min.> and the wash water is drawn off and transferred to the 

carbuoy containing aqueous glycerol. This treatment is repeated 

till washings are neutral. Two washings are yenerally adequate. 

The contents of the reactor are then cooled to room temperature 

and the wet methyl esters are transferred to a storage tank 

(ST101), presently to a 50 l carbuoy and weighed. The 

composition of tte methyl esters is determined by GC and its 

moisture content by Karl Fischer method. The glycerol content of 

the combined water washings is determined by AOCS method. 

3.2 PYROLYSIS Of CASTOR METHYL ESTERS (CME) 

A description of the pyrolysis reactor is given below and a 

detailed drawing is annexed. 

The pyrolysis reactor <R201) is a tubular reactor consisting 

of a vertical SS 316 tube of dia 102 mm <i.d.) and length 408 mm. 

A discharge pipe (SS 316> with a valve is provided at the bottom 
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for cleaning and removal of material, if any, after pyrolysis. 

Inside the reactor, a concentric inner tube (SS 316, dia 28 nn 

<i.d.), length 245 mm open at the bottom and about 100 ma from 

reactor bottom and 55 mm from th~ reactor top is provided, and is 

connected to the feed inlet pipe (SS 316, 20 mm dia o.d.> at the 

top. A vapour outlet pipeline CSS 316, 20 mm dia, i.d.) is 

provided at the top of the reactor for conveying the pyrolysed 

product to the condenser. The reactor is placed in a square, box 

type. =erarnic brick lined furnace Cside: ca 178 mm height: ca 610 

mm>, each side of which is provided with resistance winding. Two 

adjacent sides are cornected in series and each of the two 

heaters thus obtained has 25 ohms resistance. The clearance 

between the reactor and the furnace is 40 mm <min). The heat 

input to the reactor is controlled by the dimmerstats of the 

heaters. Thermowells are provided at suitable points in the 

reactor and the furnace to facilitate temperature measurement. 

Castor methyl esters <CME), 4 kg from ST101 are charged into 

a stainless steel feed tank <ST201). 

The pyrolyser CR201) and steam superheater (8201) furnaces 

are heated to ca 700 and 55o•c, respectively. Cold water 

(5-1o•c> is circulated through the condenser (£201) and through 

the coil in the receiver CST202). Saturated steam from the 

boiler is fed to the steam superheater CH201) from where it 

passes through the reactor CR201>, to the condenser where it is 

condensed and collected in the receiver CST202> along with the 

pyrolysis products. The flow of •aturated •team i• adjusted to 



get the required CME; steam ratio (ca 1:1.6-1.7. w/w). 
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The CHE 

are pumped at a rate of ca 1.2 kg'h by a metering pump <P201) to 

a T-joint where they get mixed with the superheated steam. The 

mixture then passes through the inner tube of the pyrolyzer 

reactor and through the annular space between the inner and outer 

tube of the reactor to the condenser and receiver (ST203>. The 

temperature in the annular space is maintained at 570-590•c by 

controlling the heat input to the furnace by means of 

dir:unerstats. At this temperature pyrolysis of CME takes place. 

ThP vapour mixture is condensed in the condenser and collected in 

the receiving tank (ST202l. The uncondensed gases. are led 

through an ice-cooled tr3p into water and then to vent. The 

pyrolysis products and condensed water are drawn off from the 

receiving tank (ST202>, separated and the separated pyrolysis 

products are weighed and stored in a storage tank <ST203), 

presPntly in 50 1 carbuoy. 

3.3 DISTILLATION OF THE PYROLYSIS PRODUCT 

Fractional distillation of the pyrolysed product is carried 

out in a 3 kg/batch all-glass distillation assembly. The assembly 

consists of a 5 1, two-necked flask <ST301> fitted with a glass 

column <T301). 

The glass column is connected to an efficient c~~denser which in 

turn is connected to a Perkin triangle arrangement to collect the 

different distillate fractions without breaking the vacuum in the 

syate~. Cold water is circulated through the condenser. The 

flaak is heated uain~ an electrically heated oil bath. The glass 
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column is heated electrically. Ahout 3 kg of the pyrolyzed 

product is charged into the flask and heated slowly to 60• at 

30-40 mm Hg pressure to distill off moisture and low-boiling 

components. The different fractions collected are as follows: 

Fraction 

I 

2 

3 

4 

5 

Temperature (•c> 

Still 

30-60 

60-100 

100-120 

120-190 

190-205 

vapour 

26-40 

40-60 

60-80 

80-140 

140-165 

Pressure 

(mm Hg> 

30-40 

15-20 

7-10 

7-10 

7-10 

Each fraction and the residue was weighed and its composition 

determined by GC using methyl myristate as internal standard. 

The pooled up residue from the distillation step is 

repyrolysed, if required. 

3.4 HYDROLYSIS OF METHYL UNDECENOATE TO UNDECENOIC ACID 

The hydrolysis is carried out in a 40 l polypropylene 

reactor (R401> equipped with an Inconel coil and a Teflon-covered 

stirrer. Three kilograms of the undecenoate from pooled fractions 

of the distillation step is charged into the reactor and heated 
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to so· by passing steam through thP coil, under stirring. A 

solution of NaOH (]070 g) dissolved in water (5.5 kg) is added 

over a period of 15 min. Stirring is continued and the 

temperature of the reaction mixture raised to 10• until the 

mixture is homogeneous <1 hour>. Concentrated HCl <3.5 kg> 

dissolved in an equal amount of water was gradually added under 

stirring to a pH 3-4. The separated aqueous layer is drawn off 

and the organir layer ~ashed with ~ater to neutrality, weighed 

and stored in ST401, presently a 20 l carbuoy. The organic layer 

is dried and ana1y7ed for purity. 

4.0 RAW MATERIALS AND PRODUCT SPECIFICATIONS 

4.1 RAW MATERIALS 

4.1.1 Castor oil 

Grade 

Appearance 

Density <25.C) 

Viscosity 

Acid value 

Saponif~cation value 

Iodine value 

ricinoleic acid 

content 

IS first special <BSS grade> 

Pale yellow liquid 

0.9562 

6.51 poises 

2 max. 

177-18 

82-90 

85\ min. 



4.1.2 Methanol 

Appearance 

Density <25•c> 

Refractive index 

<2o•c> 

Distil lat ion 

range 

Clear colourless liquid with 

characteristic odour 

0.791 

1.328 

95~ distills between 64.5 and 

65.s•c 

Moisture <%wt) 0.10 

4.1.3 Sodium hydroxide (pellets) 

Reagent grade, 96%. 

4.1.4 Sulfuric acid (98\) 

Sp. gr. 1.835 

4.1.5 Hydrochloric acid (35-38\) 

Sp. gr. 1.18 

9 



4.2 PRODllCTS 

4.2.1 Heptaldehyde 

Appearance 

Purity 

Density c2o•c> 

10 

Clear, pale yellow liquid with 

chararteristic odour. 

90~;. Min. 

0.818 

Refrartjve IndPX c2o•c•: 1.412 - 1.413 

Distillation range 

4.2.2 Undecenoic acid 

Appearance 

Purity 

95% distills between 55-57• at 

15 mM Hg pressure 

Clear, pale yellow liquid with 

characteristic odour. 

95% Min. 

Density c2o•c> 0.87 - 0.91 

Refractive index c2o•c>: 1.449 - 1.451 

Distillation range 

5 ANALYTICAL METHODS 

5.1 RAW MATERIALS 

95% boili:: between 136-l~£·c at 2 mm 

Hg pressun~ 
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5.1.l Castor oil 

5.1.1.1 A~id value: Acid value is determined according to the 

Official Method of the AOCS. 

Apparatus: 250 ml Erlenmeyer flasks. 

Reagents: 

Ethyl alcohol 95%: The alcohol must give a distinct, sharp 

end point with phenolphthalein and must he neutralized 

with alkali to a faint but permanent pink colour just 

before use. 

Phenolphthalein: 1% in 95% ethanol. 

Potassium hydroxide solution: 0.1 N, accurately 

standardized. 

Procedure: Weigh accurately 2-5 g of oil (0.1 to 0.2 g in 

case of fatty acids) into the Erlenmeyer flask. Add 50 ml 

of neutral alcohol and 2 ml of indicator. Warm the 

solution on a steam bath and titrate with standard 

potassium hydroxide solution while shaking vigorously 

until the appearance of the first permanent pink colour of 

the same intensity as that of the neutralized alcohol. 

The colour should persist for 30 sec. 



--------·----------------------------- --- -

12 

Calculation: 

Vol. of alkali x normality x 56.1 

Acid value = 

wt. of sample 

5.1.1.2 Fatty Acid Composition: Fatty a~id composition of the 

oil was determined using an internal standard according 

to the Official Mt•thod 963.22 of the AOAC-AJUPAC (Sef'.' 

below>. 

5.1.2 Methanol 

5.J.2.1 Moisture content 

Moisture content in methanol is determined by the Karl 

Fischer <KF) method as described in IS: 2362-1973, 

6.2.2. 

Apparatus: 

Reagents 

Karl Fischer automatic titrator model 

VEEGO/MATIC-1 or equivalent. 

KF reagent, twin pack. 

J11ethanol for KF titration. 

Di sodium tartarate dihydrate <AR) 

KF reagent is 8tandardized using crystalline 

disodium tartarate dihydrate to obtain the 

KF Factor CIS: 2362-1973, 6.2.1.2). 
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ProredurP: Take 25 ml uf 111Pthannl in the titration flask 

and neutralize with KF reagent. Then add 10 

ml methanol to be tested and titrate with KF 

reagent till end point is reached. Note the 

titration value. 

Moisture content s,. of the sample 

Titration value x KF Factor 

Vol 'of Sa111pl e x 10 

5.1.3 Castor oil methyl esters (CME) 

5.1.3.1 Moisture content 

Moisture content was determined by KF method as 

described above. 

5.1.3.2 Composition 

This was determined by gas chromat~graphy (GC) 

using an internal standard <see below). 



5. J • 4 
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Glycerol 

Glycerol was estimated in the separated glycerol 

layer and water-washings after methanolysis hy the AOCS 

method Ea 6-51. 

This method determines glycerol and other polyols 

which react with sodium periodate in an acid solution 

forming aldehydes and formic ar.id. 

Apparatus: 

1. Burel, 50 ml. Delivery time must not be less than 90 

sec. for 50 ml. 

2. Pipet, 50 ml. 

3. Variable speed stirrer, electrical or mechanical, 

with glass stirrer. 

4. pH Meter with glass electrodes, calibrated. 

5. Beakers, 500 ml. 

6. Volumetric flasks, 250 ml. 

Reagents: 

1. Sodium periodate solution: 

(a) Dissolve 60 g sodium metaperiodate in distilled 

water containing 120 ml of 0.1 N sulfuric acid, total 
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volumP J lit re. Tf the solution is not. clear. filtPr 

through sinterPd glass filter. Store in dark. in 

glass stoppered bottle. The acidity of this reagent 

may change slowly with time so a blank must be run 

each day that analyses are made. If Nal04 does not 

dissolve, it is not of reagent quality and a new 

supply must he obtained. 

<h> Test for quality: Pipet 10 ml of the periodate 

solution into 250 ml volumetric flask, dilute to mark 

and Mlx thoroughly. To O.S to 0.6 g C.P. glycerinP 

in 50 ml of distilled water add 50 ml of diluted 

periodate solution with a pipet. Prepare a blank 

using only 50 ml of distilled water. Allow to stand 

30 min, add 5 ml of HCI , 10 !":} of a 15% potassi urn 

iodide solution and mix. Allow to stand 30 min, add 

5 ml of HCl, 10 ml of 15% potassium iodide solution 

and mix. Allow to stand for 5 min and then add 100 

ml distilled water. Titrate with 0.1 N sodium 

thiosulfate solution, shaking continuously until 

yellow colour has almost disappeared. Add 1-2 ml of 

starch indicator solution and continue titration, 

adding the thiosulfate solution slowly until the blue 

colour has just disappeared. The sodium periodate is 

satisfactory when the titration solution containing 

glycerol divided by titration of the blank is between 

0.750 and 0.765. 

2. Sodium hydroxide solution, ca 0.1250 N, but 
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arc-uratel}' standardized "'ith potassium acid phthalate 

using phPnnlphthalein indirator. 

3. Sodium hydroxide solution, ca 0.05 N. 

4. Sulfuric acid solution, 0.2 N. 

5. phenolphthalein indicator, 1% in 95% alcohol. 

6. Bromoth:yrno] hh1P ind1c-at.nr solution, 0.] % in 

distilled water prepared as follows: Dissolve 0.1 g 

dry indirator in 16 nl of 0.01 K NaOH hy grinding 

indicator with the alkali in a mortar. Transfer to a 

100 ml volumetric flask, dilute to volume with 

distilled water and mix thoroughly. 

7. Ethylene glycol solution, mix 1 volume of ethylen~ 

glycol Cb. pt. 195-197.C> and 1 volume of distilled 

water. 

8. Sodium thiosulfate solution, 0.1 

standardized. 

9. Hydrochloric acid, Sp. gr. 1.19. 

N, accurately 

10. Starch indicator solution, 10 g soluble starch in 1 

litre of boiling distilled water. 

11. Potassium iodide solution, dissolve 150 9 in 
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distillPd water and make it to 1 litrP. 

12. Standard buffpr solution: Dry 50 g of reagent 

potassium acid phthalate at ioo•c and rool to room 

temperature in a dessiccator. Transfer 10.21 g of the 

dry potassium acid phthalate to a 1 litre volumetric 

flask. Dissolvr in distilled water and mix 

thoroughly. 

Preparation of sample: 

SamplPs containing salt, sediment or suspended 

matter must be warmed and thoroughly mixed to ensure 

uniform distribution. Some sediment tends to cling to 

the bottom of the rontainer and the viscosity of thP 

glycerin retards rapid dispersion. Careful preparation 

of sanple is necessary to obtain an accurate analysis. 

Procedure: 

1. Make all weighings accurately and rapidly into the 

600 ml beaker. When sample contains less than 20% 

glycerol it may be weighed into a tared dish and then 

washed into the 600 ml beaker with distilled water. 

When sample is less than 500 ml, dilute to 50 ml with 

distilled water. For tt~ most accurate results, the 

sample tested must contain between 0.32 and 0.50 g of 

glycerol. Use the following Table to determine the 



~orrect sample s1zP. 

Glycerol (%) in product 

to be analy,ed 

100 or Jess 

90 or less 

80 or less 

70 or less 

60 or less 

50 or less 

40 or less 

30 or less 

20 or less 

10 or less 

5 or less 

2.5 or less 

1.0 or less 

o.s or less 

Sample to be 

weighed (g) 

0.40 - 0.53 

0.45 - 0.55 

0.50 - 0.60 

0.55 - C.75 

0.65 - 0.85 

0.80 - 1.00 

0.90 - 1.30 

1.20 - 1.80 

1.80 - 2.60 

4.00 - 5.00 

7.0 - 11.0 

16.0 - 20.0 

40.0 

80.0 
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-------------------------------------------------------

When glycerol content is not known make a single 

preliminary test using the amount specified for 100% 

glycerol. From the results of this test the proper 

sample weight can be selected quite accurately. 
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~- Add 5-7 drops of bronothy1n<>J blue indirator to th~ 

sample in the beaker and acidify with 0.2 N H~so~ to 

a definite green or greenish yellow colour. Neutra

lize with 0.05 N NaOH, to indicator end point, a 

def iriite blue free of green c-oJour. WhPn co]our of 

the solution interferes with the detert1on ~f the 

coJour chan9P. of the indicator, u~e the pH meter and 

adjust to pH 8.1 ! 0.1. 

3. At this point preparP. a blank containing 50 mJ of 

distilled water but no glycerol and carry through 

simultaneously with the sample in an identical 

manner using the indicator to adjust the pH before 

adding the sodium periodate solution. 

4. Add 50 ml of sodium periodate soJution with a pipet, 

swirl gently to insure thorough mixing. cover with a 

watch glass and allow to stand for 30 min at room 

temperature <below <35•> in the dark. 

5. Add 10 ml of 50% ethylene glycol-water solution and 

allow to stand 20 min. 

6. Dilute to approximately 300 ml and titrate using a 

pH meter to determine the end point pH 6.5 ! 0.1 

for the blank and 8.1 t 0.1 for the sample. When 
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approarhing the end point add alkali. a drop or part 

cf a drop ~t a timE". 

7. Calculations: 

<S-B) x N x 9.209 

w 

s = ml of Na OH solution to titrate sample 

B = ml of Na OH solution to titrate blank. B must 

not be )PSS than 4.5 ml. 

N = Normality of NaOH 

w = Weight of sample in grams. 

5.2 Pyrolysis PRODUCTS 

s.2.1 C011pOsition of distilled fractions. 

The composition of the distilled fractions was 

determined by GC according to the Official Method 963.22 

of the AOAC-AIUPAC. methyl myristate was used as an 

internal standard, where required. 

A) Apparatus 

a) Gas chromatograph. Equipped with a flame ionisation 

detector and electronic integrator. The instrument 

was operated under the following conditions. 
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iJ Injec-tion port. - ~ith minimum dead space in the 

injection system and maintained at 20-so• higher 

than column temperature. 

ii> Column - 1-3 m x 2-4 mr.t (id> glass packed with 5% 

SF-JO on Chromosorb K HP <801100 mesh>. Condition 

the freshly packed column ~hile disconnected from 

the dPt.ec-tor at 3oo•c ~ith a current of N2 at. 

20-30 nl 'Min for ~ 16 h. 

hJ Syringe - ~ax1r:;un \·olurne JO 111 graduate-d to 0.2 111. 

B> Reagents 

a> Carrier gas - N, dried and containing less than 10 mg 

O/kg. 

b> Other gases - H, 99.9\ free from organic impurities. 

Air free from organic impurities. 

c> Reference standards - A known mixture of heptaldehyde, 

methyl undecenoate, methyl palmitate, methyl stearate 

and methyl ricinoleate of a composition similar to 

that of pyrolysis products. 
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C> OPfrating conditions: 

The instrument will be operated at following 

conditions: 

Injection port - 2so•c 

Detertor - Joo•r. 

col~mn - ioo•c <I rnin> - 21o•c <IO min> 

N 

H 

Air 

- 30-40 ml frnin. 

- 30-40 ml 'min. 

- 300 rnl 'Min. 

0) Performance Specification 

Analyze an equal mixture of methyl undecenoate and 

methyl laurate at the above operating conditions. Adjust 

sample size, column temp. and carrier gas flow such that 

thP methyl unde~enoate peak is recorded at ca 7-10 min 

after solvent peak, ca 3/4 full scale. Measure the base 

wi6ths in mm of He undecenoate <Wi> and Me laurate (W 2 ) 

between points of intersection with baseline of tangents 

drawn to the inflection points of curves. Also measure 

retention distances in mm (S) from stdrt to peak maximum 

for He undecenoate and distance in mm between peak maxima 

for Me undecenoate and Me laurate, Y. Calculate 

theoretical plates, n (efficiency), and resolution, R: 



n = 16 (S/w1 ) 2 

R = 2Yt<wi • w2> 
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Select conditions to obtain n in excess of 2000 and R 

1.25. Columns will show gradual loss in R with use; when 

R ~ 1.25, replace. 

E. 0Ptermination 

to 

With apparatus showing stable baseline, inject 0.2 

~] of the sanple solution in chloroform. Pierce 

septum of inlet port and quickly discharge the sample. 

Adj11st sample size such that the major peak occupies not 

more than 80% of full scale. 

F. Identification 

Analyze reference mixture under the same operating 

conditions as for sample. Measure retention distances 

for known esters. The retention distances may be used to 

identify the major components present in the pyrolysis 

product. 

H. Calculatio~ 

Because of the large differences 

weights of the products of pyrolysis 

in molecular 

and because of 

presence of secondary groups, correction factors must be 

used to convert peak areas into wt\. Determine 
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correction fartors by analyzing known mixtures of 

c-omposition similar to that of sample under identical 

operating conditions. For the reference standard, 

% by ~t of component l = Bi x 100/IBI 

where Bi is the wt. of component i in ref. std. and IBi 

is the total weight of all components in reference std. 

Calculate from the chronatogram, 

% CarP~larea> 0f component i = Gi x JOO!IGi 

where Gi is the area of peak corresponding to component l 

and EGi is the sum of areas under all peaks. Calculate 

correction factor for each component, 

Ki = f Bi / !Gi J x ( !Gi /Gi J 

To calculate each component, multiply its area by 

appropriate correction factor and sum the corrected 

areas: 

% by wt of component i = <Ki x GiJ x 100/E (Ki x GiJ 

Jn cases where all components are not eluted, as in 

the present case, use an internal standard S, such as c1 , 

ester and determine its correction factor. 

% by wt of component i = fws/wJ x f Ki/KsJ x (Gi/GsJ x 100 
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where ws = mg internal standard and 

sample and subscript s refers to 

w = total mg of 

internal standard 

component. Reports results to two decim~l places. 

6. EQUIPMENT SPECIFICATIONS 

Sper.ifications for major equipments are given below. 

The unit numbers correspond to the numbers givPn in th~ 

flow sheet. 

6.1 RFACTOR (R101) 

Capacity 

Type 

100 litres 

Glass reactor fitted with turbine type 

stirrer and glass condenser. 

6.2 Pyrolysis REACTOR CR201) : Vertical SS 316 tube of 100 mm 

dia and length 405 mm, with a discharge pipe <22.5 mm 

dia>. The reactor has an inner tube <25.4 mm dia, 230 mm 

length> open at the bottom positioned about 100 mm above 

the reactor bottom. The reactor is provided with an 

outlet pipe C19 mm dia> at the top. The reactor assembly 

is housed in an electrically heated, box-type furnace. 
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6.3 REA~TOR <R401) 

Capacity 

Type 

40 Ii tres 

Stirred tank polypropylene reactor <dia 400 

mm; length 350 mm> with bottom discharg~ 

valve <glass). Inconel coil and 

Teflon-covered anchor-type stirrer. 
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,~~~r~ -... e,.~c~~~ 
Yv ,,,t . .?/-t' ~ "1 !L tJH · H_.c-.. ·.~~Jidl'. 

L-'~ ..... 1. _ ~-' ~ ~ •. , i r ,., ''r ·- ''oJ ~- .._ .:-.....:i [,.-&..( 
-.! .,bf t 7'J .::..-<°~( - /1. I(") Vl~--

A r l£ lL· ~ CJ l 'ft: e u-1 ./ ~c.-._ 
.fal·~--- ,,....,.J- ;o-4 ,, 1..-c-:,1-4',J 

{ 0 '/•? l1..of lvO- ''iJ.-\. <A cl. d .£ ,.:£ .J. 

•. ~ ~t{_,·!,../\.(J_ < .1, ')_ ( ~ ......,_..., 

I· ,A-"-~ 1..A./'-4~ "-- ~ '(['A····•'''r:"~ 
-~ '·•"<-.<1tc2."- I 

,~11./1. . ~ c "·{_ f-:--. c: ..... ··-- -· ... y .~. 
':;4_,}:( /~ ...,( ~- L L_,,-; ~. 

(':i~>':-~- ·"" -tJL.1 ( _. y~ ....... -i..r 1~2.-/.J.. .... .,t 
~ ,,, ,( ( •. • ' ... ·_,:;_ '~':pl 

I 

I 

'.,. .. ,._ 
• < 

(Represent~tive, IICT) 
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Date: ::J..!)-1- ~4 
Run No.: Of/VIO - I 

METHANOLYSIS OF CASTOR OIL 

Product Recovery: 

Weight (kg) 

CME t.. 6·70 I 

Glycerol (in wash water) 3·83 

Methanol 5.30 

11~'~ (Representative, DRIPE) (Representative, IICT) 



~31 

Date: 2 7 - I - '} 4 
Run No.: D t MCI· I 

METHANOLYSIS OF CASTOR OIL 

Product Analysis: 

I Moisture content Acid value 

' 
CME I I· go/ .. 7· c, 

Glycerol content 

Wash water 
wt. 33-13 k;J-" 

~·t--
(Reprc'(entative, DRIPE) 

~~wL 
(Representative, IICT) 



Date : 2 7 - I - ·7 <t 

Run No.: D f i'1o~) 

METHANOLYSIS OF CASTOR OIL 

CASTOR METHYL ESTERS (CME): 

Moisture 

Acid value 

ty acid Fat 
c on:position, 

• 

wtt 

-

~'t (Representative, DRIPE) 

'. i / 

"7 • 4-

cl6 

-

els 

c 18-0H 

• 

\. i b 

~. --,~ 

-

~';J"fl 

-
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PYROLYSIS OF CME 

Reaction conditions: 

Furnace, Superheated 
steam supertteater steam 

Temp. (°C) 4~r 4v7 

1''eed, CME (kg /h) 

Feed, Steam (kg/h) 

/1 ~ /ft 
. ~ , 

(Reprt~ent~tiv~, ORTPP.) 

Date: .:.:. -, / · q. Y 4 

.2..~ -/ ., "' 
Run N:».: .JJ 

1
. 

El'?o . 

Furnace, Pyrolyzer Feed I pyt·olyzer r~actor ! 

6-F~ J-1'{' 7L 

/. /(,e 

I· 9 "7 . 
I 



,------ -- -- ---

Time Temperature 

(~~) Furnace, Steam Feed 
steam 

0·() lt1 '1 :573 7, 
Ol·c ~<J3 43~ 75 
?-· 0 l, °!I i.tb'/ 7'1 
12. 0 S"•3 ~', 72-

Ff ·O ~,9g !,~g 7J 

~~·O l,=io 381 6r;. 

aa·o ~01 L112.. 7& 
~'2 ·O t..ea ~ot, 71 
3,. 0 ~ltS- 38) 6, 

. ;f, J(L 
(Repr~tative, DRIPE) 

• 

PYROLYSIS OF CME 

() c.. 
Furnace, Reactor 
reactor l 2 

~3.3 ~3 s~-l-1 

t,79 !11 I ~81 
68 2- ~'? ' S'&-4 
6&.3 ~'1~ ~8S 
C8! ~6 .~as-
6ss ~3 sS'b 
68 2-- ~Lt ~83 
b~ S&< ~7'3 
-666 ~":/ S--6' 

Operation 

f-~~~LO 

~2~J~1:~~J 
I -

~ 

Date: ~~./. C,4 <t_ 'UJ. I .9~ 
Run No. :v6rvro ,.. 1 

Remarks 

~1..~ ....... o11.. 
rA ~ ) ~•iJ,._ • J • -

~A-

w 
~· 

(Representative, IICT) 



U.:s t ~: .2. '? · / · ' y ...C. 2 £'. / .~ $.-. 
Run No.: .])~r?O/. 

PYROLYSIS OF CME 

Time Pyrolyzed Water 

(AJ Product (kg) (kg) 

L... ·o .2...- o~ 9-o? 

?·0 J- ov ?- ?a 
/.)..(> J- I~ /.50 

//. i) J' . .L-0 ,.cP-6 

.2... .l... u J-·:L<f ~.J!/ 

2.").c> .r· ~ u /O·~..J 

..3 2... v .r 06 .,, . "' ? 

.3,6. C: ~- .J_J7 .:P ~ 

- ·--

I 
Total: 3 '? - .J u "// .. /~ 

/l', !fL 
(Representative, ORTPE) 

~--(~ 
(Representative, IICT) 
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Date : ~ "J - / 9 ~ ,£. 
l#-/-'9Y 

Run No. : >--
-!J f~o /. 

PYROLYSIS OF CME 

Total Run Time (h) -3 6 

Stable Run Time (h) -3 ~ 

Steam/Feed ratio /·7 

Residence time (sec.) -/·Y~ 

Product throughput 
I (kg/h) /. l?.2.-qJ 

I 

/f ) '1t / ?;' ~ _-'> 
• I. / 

(Representative, DRIPE) 

~7>-=~:t:_ 
{Representative, IICT) 
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Date i? I· ' S. 4- ~ /. ~ J
Run No.: ..!),IE ,,,.o /. 

PYROLYSIS OF CME 

CME Pyrolyzed (kg) 

Pyrolysis Product (kg) 

• -,Loss on pyrolysis (kg) 

o· 
Moisture content, ( /o / 

pyrolyzed product 

/(l 
(Representative, DRIPE) 

Jp .. .)....o 

44, e;7 

.3. :L/ 

0. 7-J-

_k~('~ 
(Reprelentative, IICT 



38 

. 
Date: ~g - 1- ~'I 

Run No.: 1>E11o-1 ])15·r.1 

DISTILLATI~ OF PYROLYSIS PRODUCT 

Time Fraction Temperature (°C) Pressure Remarks 
No. (mn Hg) 

Still Still Vapour 
Dintr1er position 

1 /-'l~ ..., .,. 
I ~5-Sl> 100 l~-~o 35"" .?.--· --. 

I 2 .2-ot"' 
+. 

~ S-o- IO loo ll/o- €,o 2.o .I..-~·· . -I I 34·f:J ~- I l:,:i...- 80 h-~lh. :5 &>-'Jo l~o 8-CJ 

4 '·'~ -· .,... 
It qo-IS"O /:J...o ''° go- li,.o i -CJ // n....., -. 

5 !/.,... 
? IS"O-/C/a I 'lo 140 -//,') g -er /1-llft .... . 

w~?L 
(Representative, DRIPE) 

~r..)~~(i.~ 
(Representative, IICT) 



I 

Date: ::lr · 1. e//11 
Run No. :'P£"IO·l.:J1s1. I. 

DISTILLATION OF PYROLYSIS PRODUCT 

!Pyrolysis product (kg) 3-o ] 
Fraction Fraction Wt. Remarks 
No • • 
1 

~0-0 

2 
G:," $. If 

3 "'i . -5"' 

4 
/A..~4·0 

5 
I.!, · O 

Residue 
5.ti . 0 I 

Total 2..'6'11·~ 

ILoss on Distillation lo '6· I 

}~~~f~ 
(Representative IICT) 



Date: 1- S-1-1'1 
Run No. : OE MO.- f 

J>I STILL A 110 N - I 

DISTILLATION OF PYROLYSIS PRODUCT 

Analysis (GC): 

Fraction Weight % Remarks 
No. 

HA MU cl6 + c1a Me Ric others 

1 7) C~c t"-Y ci fr}. 

2 '1 ~-'j1 - - - c;.c-, 

3 81·~ lt•?l.- - - (,.S-5 

4 .) • <3 C/~·3'f- - - O· 8.: 
·-

5 - "i·~7 Ii.(,(, 1- • '- 'j 11:-68 

Residue - - ~ '}·S {, 8 •C) 2-•Cf1 

11~,t 
(Representative, DRIPE) 

~t)l(L_ 
(Representative, IICT) 



Date: '2 8 - I - 1 <t 
Run No.: l>E Mo-- 1 

DIST I Li-'\ Tl~N-1 

DISTILLATION OF PYROLYZED PRODUCT 

Composition of fractions: 

Fraction Fraction Weight, g 
No. Weight 

.. ct HA Mus cl6 + els Me Ric Others 

1 

2 ~(,%·'} {,z.}·~ - - - 4-0·b 

3 b 8 . .;- s_;;.~1 8-t<> - - lt •SI 

4 /271.f·D 4~·17 /l ~1·1 - - II ·13 

5 IJ·O - 8 "I I•(:. (I,) l ''-

Residue S2- ~. c· ·- - 2-<(4. ~ '>' l · > 2. () ·4 

Total 2-i71·'i 7 J2-•g 12sn·gl ].~~·'] s-~ l· b 7 g. 8'( 

I 
I 

(Representative, IICT) 



, 
Date: ~ · 2. ·~'I 
Run No. :)~1'0.1.]')1.s1.~ 

DISTILLA~I<:fi OF PYROLYSIS ~ 

Time Fraction T~rature ( 0 c) Pressure Remarks 
No. (nm Hg) 

Still Still Vapour 
Dimner position 

1'.l.-os; ~ 
1 -lb • 
/~.l#f/AoLI I 3~-'1~ loo 1.2.L. -~ .3$" 

• (.t.,,s 
2 ..,., 
t..11(" 2 S'"O- to 100 40 -bO IS'-~o 
~-¥~ 
3~ 

.3 ~ 4lo-t10 12.o 'l.- io 'l-1 
S' !'.""' 

4 :..,_ 
'-I 17..o - /G:,o &"'o - "to ~-1 In llSi - qo-IRJ 

ltu1s ... 
5 ""-
II .1011 .. ~ 1~-Flo /80 /JM- !LS f .. Cf 

I 

"' 

Yr"" f;-(Representative, DRIPE) 
\~J~~trf~ 

(Representative, IICT) 

-----------------·- ------~--·-----·--



43 
Date: 2. 2. - ~61 
Run No. :)c110- 1. )1s'f. ;z. 

DISTILLATION OF PYROLYSIS PRODUCT 

!Pyrolysis product (kgl ~-0 J 
Fraction Fraction Kt. ('f) Remarks 
No • • 
1 

13·'1 

2 
1?>~-'t 

3 
51 .'J 

4 
/2..34.lJJ 

5 
4 i . tttt 

Resid:Je I <601 . (p 

Total (f) Z'6ttr · 2.&f 

]Loss on Distillation C1J lot. ".1/ 

\~~~-\~ 
(Representative IICT) 



Date: l - L -7 <; 
Run No. : D t Mc -I 
blS1iLL4 l1QN-2... 

DISTILLATION OF PYROLYSIS PRODUCT 

Analysis (GC): 

Fraction Weight % Remarks 
No. 

HA MU cl6 + clB Me Ric others 

l 1>t.~c..r . ..,<lcJ 

2 c-;1.i. - - - c. </ 

3 7l-4t 6- ~ - - il·7«t 

4 ~ '78·") - - i· ~ 

5 ·- ; '/·C., }.. 2. . l- 4 ·'i s l;-{) 

Residue ·- - 2.~·)1- 71·J'j I· '6") 
I 

14~'~ 
(Representative, DRIPE) (Representative, IICT) 



Date: ~-- 2 -1 <; 
Run No.: l>ff"I0-1 

J>l $ Ti l L A T '".N -L. 

DISTILLATION OF PYROLYZED PRODUCT 

Composition of fractions: 

Fraction Fraction Weight, g 
No. Weight 

't HA Mus cl6 + c1a Me Ric others 

l ... 

2 13>-·<t n .. J-> - - s- .. j -

3 S7·1 lt~·1J ].·'il - l·?" -

4 IZ~'t·b - IZ./8-;-~ - , ,. c.' 5 -

5 4s·11 - 11·81 It>- Pd l •1 ~ 't. t & 

ReEidue I 
I 

<6Cl·(, - - I 'l'i ·6'1 5-;z.. 7 h-,~, 

I 

77~-<.;) ll~"·371 T0tal IL.S~4·lj' .2/C•f;/ S'1't · S >. ~'1-2..l I 
I 
I 

#R 
(Representative, CRIPE} 

~~)t<IL. 
(RepJe:entative, IICT) 



P.11,•: 2.8- J - ~4 

Run M0 -=0E....,o--1 M'1>ROL·I 

HYDROLYSIS OF ME UNDECENOATE 

Me undecen0ate { kq) 3·0 I 
NaOH (Kg) f ·O 7 

Cone. HCl (kg) 3·5o LR.G~de 
t 36- 3g-;..-. P~) 

,f 't ., (' : )~_...-, 
(Repre~e~ativ , DRIPE) (Representative, IICT) 



• 

Date: 2<2 - 1-qtf 
Run No. : .L ~.:_ il'I 6 { 

HYDROLYSIS OF ME UNDECENOATE 

Time 

~- ;.'U 
" 
6· ...!(..} 

-I 
,! " ' 

-
I~ l ~ 

r; ~1-i: 

-'I· \I~ 

n- I ) 

Temp. ( °C) 

.. 
":> ~) 

Operation 

l'I\('_ i...1 ... -,c.f 

./~ A.7 .. "-' {, • .,.,,. 

Remarks 

C.,j _y . ..I'~ ~!Lei_ --.:_,, . ...,,,L, .. 
. ...f J.. .. c~-~-~/ -. 

(./-£J '-1. d... ; E'.1,."-1 ,:;._flo..A--·..rj-' 

----
(--<. u <:; ( 1..( ........ -?_ bi-=-"~"""'-

v...J-.~/:.{. .• -.. ·--f C'..t.~ .._._ .(,, .:-~·. 

+-----+---------+----~ 
< . _,,. .. :-· '-4 

-.. 
I J 

"ii J l-< ,/• ~ /-!,.(. •.. ~1 ... •/.1 ;(,' .I· • "">r ~ ,._ •• ~ v. ~,q( 

(j ·-':)!) ·~ j.(I.!..; 0-.J~,_(A._.. G _c.Jd "--(".( 
... .J J 

<-· _,.._.,) . ' L' 0 '-'-).a_ ~~-:.1 C..r_ ,. ·-~ c..>(. 

+-----+------------~ r.· 1.('.f .. 

'"\ )"[; .3" 
r 
-~ i,,'t..J 

"i J1 Jir'·1 '.~d 
< 1~111c1v 

-{,1.. t-0. 1).{: v ..... p_f"...('.-:__ <"_,,: • .-.a_·_ -(.,•, •....,.._~ '·- CJ :.tj 

A p 1 >+<A · 0 •'· .:::(_ (/ .• . .C-...-'. (} k(i_e,(. 

r... --~ /k I-~ 
(Representati e, DRIPE) 

~-g ~, (,_' 
(Representative, IICT) 



Date: 
R•1n l'lr'l.: 

-:J..CJ-J-9i, 
Cf>fMO - 1 

ilYOROLYSIS OF ME UNDECENOATE 

lundecenoic acid recovered (kg) I 
Analysis: 

Moisture content, % 1·2-';7 

Acoid value ::i..q~. 4 r 
Freezing point ( "C) t~·~~ ::::l ' . 0 

Purity (by ~ A.vcJ.u., I '!'8. 2 CJ 
I 

,.. 

J; ifG? 
(Representative, DRIPE) (Representative, IICT) 

~r 

/ 



Date: :U,.~/ ~"-
Run No. : ..ZJ tF h?O - .<.. 

METHANOLYSIS OF CASTOR OIL 

Raw Materials: 

Moisture Acid value 

Castor oil CJ· .12.../{ /•cf 

Methanol ! 01/ % 

Assay Sp. gr. 

Na OH ?£ /: 

H
2
so

4 ,R ~ I• <P3J-

"""\ 

~~·~ 
(Representative, DRIPE) (Representative, IICT) 



Date: :i_CJ-J-Cfl, 
Run No.: 1) EM(.)· 2-

METHANOLYSIS OF CASTOR OIL 

Raw Materials Weight (kg) 

Castor Oil 4q·'J 
-... 

Methanol '1·0 

NaOH 0·6•5 

H
2
so

4 -

~,t___ 
"' (Representative, CRIPE) 

Volume (litres) 

Q·23fl 

\J c ~"_li; _ 
(Representative; IICT) 



Date: 
') q - t - -I·, 

Run No.: -: · c I' ' 

METHANOLYSIS OF CASTOR OIL 

,,., 
Time Temperature ·e Operation Remarks 

,-.-. ~ '- , .- , · ' I -t .; - - r r- l .;; t.-· 11 
::t_c:~ -{.;,,,-( ·,.((,_~~(<>cl_ ~ 

... 
··-

, ,. • • --I -, ,. . ' • r , ·- ,L ~ . . ..;- ~ ,_. _,.z ; . , 
f._, 'l ~' I :S ·( ~ ' • ".> 

. \. ,-..{_,-1_, ;' i. 

') ' -
!'\'°.llf·i":..-c_·.(.1 ~f(.~~,~~f_.~,,J!';.• V\,, 

(' I _,/ :.. •.• 'I'< '_, · ,.-._ .-l~c,..,.' +------+------------+-.,..---.,..------+----------·---·..,-· '\ ......... ... 
I"':' ":.-" I I'~-·( .. { 1-4_-,...__, /. C,;2 ·:.. :3/ _ _.., _ __,· "-· :; c 

--------------------'.'7-t._.J_; ..... 1-_l_._.::_O(. ___ -_-~_l ___ t'+·-·--·-'~_,_,, __ ·r.--'._._ .. _-t._-J_.1_.-_ ..... 1 ·"'"._.""'.., ,_ .... ,,, ~I c :~ 

J /_ 

-:-. 
~' 

r-. 
' I 

-~ 
. ,, , -

"."\ --. I ) 

'l '-1.' 

-, -,, 
'> _,_ 

j.- ') 

·~ 

~, ('-/ 

-; \ , '! ! '-4 

1.; .-1 t. _ -':? c le.:;_~--~-' 

••i~,...~ 1 ,·U-f1i.-<r_t >I• 'r . . I 11~- :, I(., ,I/_·(:_,,,;-
: -_, 'I -.\' <.:;II -I l 

·- , ,_. -~- _,. ___ _ 

, .. \.- .. ,-J.,·..:"_.--/t_.~, ... _·~~-1 f~.,.r-4 "j ':~~ /--../:..-_-/ 

_,-, 

!1 I~ J.·' 

I < ( .,-,,;)_ (-. c·, r-( cl_., ,,.f 
........ ~ ~- : it' .. (>-~-' 

'.:./ ·_._,',c •. ; 

,_,_...-i .-U . ~ -r •· ''•:..:: r-i 

---! .C { 1:1 I •. . ,;I 

f ... • • ,-~ _._ i \·' • :' . .c L-r 

,, ... ,,..~ ;~~·:f /'·.·~

·~( .. · .. '.-' ~ 
.... ,-- (,:-- ' . .: .... I' 

~ ! . ,· t I r·' - ,.._-._· 

' . ---
'If ,r' 

· 1 .:; . ; , ·.c,.., 

1 -:-' f.-, / , •. -. , .! ;. 

.. -- ,. ._/ 

I ," f o . 
(Representative, IICT) 



5Z-

Date: ::2-~ /47¥ 
Run No.: .D~tv7 o L 

METHANOLYSIS OF CASTOR OIL 

Product Recovery: 

Weight (kg) 

• 4~~ CME 

Glycerol (in wash water) 3.77 

Methanol ~·.3 7 

~~'tk-
(Representative, DRIPE) 

~k-
{Represe~tative, IICT) 
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Date: 31 - I-<} y 
Run No.: 'Z>E MO-l-

METHANOLYSIS OF CASTOR OIL 

Product Analysis: 

Moisture content Acid value 

CME I I· f,I ./o 

Glycerol content 

Wash water 

wt• 31· 2- kJ 

\ 

Y1i,L 
(Representative, DRIPE) 

~~L 
(Representative, IICT) 



a 

Date: 31- 1- <}<., 

Run No.: ~L Mo- 2 

METHANOLYSIS OF CASTOR OIL 

CASTOR METHYL ESTERS {CME): 

Moisture 

Acid value 
• 

ty acid Fat 
c omposition, wtt 

·=t±~ I'~ 
(Repre ntative, RIPE) 

I. 61 I 

cl6 

-
c1a 

c 18-0H 

I • I (, 

S·73 
--

S'1- ... t I 

-

~WL 
(Representative, IICT) 



PYROLYSIS OF CME 

Reaction conditions: 

T~. (°C) 

Furnace, Superheated 
steam superheater steam 

Feed, CME (kg/h) 

4-/'J 
• 

Feed, Steam (kg/h) 

/l; l(L 
(Representative, DRIPE) 

RunNo.: .JJ,,;;;_/\?Q.2. 

Furnace, Pyroly'M!r Feed 
pyrolyzer reactor 

/.· /}, 

/-9l-

~~~ 
(Representative, IICT) 



Ti rr.e Temperature 

c.h) Furnace, l Steam Feed 
steam I 

O·o lt c,3 I Lt 14 7~ 
~-o ~C/3 

! 

~:ir i 7! 
I 

47? 
l 

-:,. . 0 i 4of 73 
12·0 4r& I 393 71 
17·0 l, &S- l.,zo €S 
;t!l·O ~ C/t., L,2. J 7'-1 
~:/·O S°"1> ~''1 'B 
3;;t· 0 $"13 ~30 69 

I 

34· ~3 ~2) I 43~ 6S 

,f' "'/£ 
·) .... ;,~ 

(Representative, DRIPE) 

PYROLYSIS OF CME 

Furnace, 1 Reactor 
reactor I 1 2 

6-Zb ;~[£ S-49 
~~i. ~' ~8' 
68~ ;sc,4 ~gr 

'&4 i~'IB S"°8b 
684 !r-13 ~8'1 

681 !~f" ~t, 

6Rl. 
I 

!!'q3 ~g~ 

68l, tS''18 S'"8Ci 
6a1 1~~4 !8~ 

Operation 

r...., ... =1 ~ t°""~ 

'-9r\~ ~ti~~ 
J •- ~ A Ill -,.., 

1 
~ 

re--
~ 

~ 

':Do 
CJ:)d 

~ 

Date: rr2.'J£, ! l .'l '!J4 
Run No.:1)fTv10~2... 

Remarks 

l1A • 
A 

~:h~~ 
-

· 'Th 'r'M'> c:J .2 R h'>'\. 

~-0-4-

I 
I 

i 
! 
I 
r 
I 

I 

I 

I 

: 

I 

I 

lJ1 
~ 

(Representati?e, r;~T) 
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Date: /. <. - ? Y £. 2 · .:.t-:?~. 
Run No. : .DE rw?CJ ~ 

PYROLYSIS OF CME 

Time Pyrolyzed 
(/v-j Product (kg) 

..2, • 0 .2.. v y 

?.o ~ ... _ 0 .)_ 

/.2_, u • f'· /..f-

/7-o .f:· )__<,.£ 

.2....l...·-0 s. /4" 

17.u ~--. I~ 

3 ,l_. (.) s,e. JJ>~ 

3 y. ¥...1 2-·~.l-

Total: ~~~,,.. ;i_ J1 

~ '\ ·'f1 
II X' ? lt "'7 

(Representat ve, DRIPE) 

Water 
(kg) 

-3-,.~ 

~ _ _,- 7 

~ - J'-.l 

7-.... r~ 

7-¥2-

7-J-6 

7-J-t 

Lr- .P.J-

'6 .. ;,J....J-

~~ 
(Represent~tive, IICT) 



58 

Date: /- .l... -?v.L L.: i....,joc 

Run No. : ..:z:,.:: m~ ;z... 

PYROLYSIS OF CME 

Total Run Time {h) .3 y. Y-3 

Stable Run Time (h) 3 .l- . Y.3 

Steam/Feed ratio • 
/ "./ 

Residence time (sec.) /. y tP-

Product throughput 
(kg/h) 

/. 0 ..2-3 

.. _.,tp 
/I ~ . · fi 

/ L\:) / [ .. 
(Representa ive, DRIPE) 

~~ 
(Representative, IICT) 



51 

, 
1,, Jr 1 - :2. • 41~ 

Date /. :J- ."'7 r 
Run No.: .2).EN?V::l.-

PYROLYSIS OF CME 

CME Pyrolyzed (kg) 

Pyrolysis Product (kg} 

Loss on pyrolysis (kg) 

Moisture content, ( % ) 
pyrolyzed product 

,{ ..... ~11.p 
,<?) /t_/7 

(Representative, DRIPE) 

-E~-D-J -
3 .'.l- • d2 7 

_3. /6 

I 

~-£/""--<'-
(Represen~at ive, IICT 



I Date: ,3_ ...{ - ~q 
Run No. :}Erfo~ }1.S'f- I 

DISTILIATI~ OF PYROLYSIS PRCJXJCT 

Time Fraction ~rature (°C} Pressure Remarks 
No. (nm Hg) 

Still Still Vapour 
Dil!lller position 

,,~ ...... 
l "'-
1;.-115. ,._i I l31,-'1o loo .30 - J./.o .3 I 

1.1..-iff' • 
2 lo 

ii "°-fo 14h - '" 1'.11e11 ... too i..._o 
• 

li-'lf 
3 .,. 
~-/ft..~ .-3 8'0 -/J.O /A_n foll - ro r - " 
~-'~ 

4 "" I .J..o - l~o ~ - /4S' '6 - 'j /t:A,,. "- _,,Ii '+ /J...o-l'Jo 
ltA-

5 .,.. 
I 

1.1~ .... ' -1-1'1 S" f'IO-l...0~ /So /J./S -!{,~ W-1 

W1, t_ 
(Repres/"tftat\:.;, CRIPE) 

~~ul~~-1~ 
(Representative, IICT) 



6 I 

Date: ..3.,4. 'q61 
Run No. : }£ 11o-2.. J1s"f. I -

DISTILLATION OF PYROLYSIS PRODUCT 

!Pyrolysis product (kg) :!J - 0 

Fraction Fraction Wt.(LjJ Remarks 
No. 

I 

l 
13-o 

2 
"l) ~ . C/~ ·-

3 
41. I 

4 
/~3'5".o 

5 
10 ~'I-

Residue 
1tt I I 2.2._ 

Total(7) 2.. g- 50 . i1 

!Loss on Distillation l<J) IJ+-1 . I 'f 

A>Si,.,'f9-
<Repre~ntative DRIPE) 

\~~J--"1,-1"7 
(Representative IICT) 



Date : 3- 2. - t] 't 
Run No.: Il£ Mo·-L
l>C $1lLLA7 ICN - 1 

DISTILLATION OF PYROLYSIS PRODUCT 

Analysis ( GC): 

Fraction Weight % Remarks 
No. 

HA MU cl6 + c1a Me Ric Others 

1 J>(h~, .. ~ cf .i~l 

2 'l7· Z..l. - 2.. ~ 8 -- -
3 bS"·~ 6-~ 2- - - 7·? ~ 

4 l•(_;'f- 'i 7· J,, l - I· 17 -

5 - 7r;, /~ 18 ., 2- '·> 4 ·'<+-

I Residue - - Jo. g 7 68·Yi O· ·s .L-

(Representative, IICT) 



63 

Date: J-2- .-'j '1 
Run No. : l>f MC -2.

'I>I $ii l L A TI ON - I 

DISTILLATION OF PYROLYZED PRODUCT 

Composition of fractions: 

Fraction Fraction Weight, g 
No. Weight 

')' HA Mus cl6 + c1a Me Ric Others 

1 I 
2 <><tl ·'1 S"" {, 7c.-(,' - - t9·l-"J -
3 '-f)-1 ~ ()-~7 J.-~ J - - ~-7, 

4 fz.3S·t' 11·01- 12.C'I -~ .J - I~. S-~ -

5 )C·f°~ - SJ·~J / 2·18 I ·0 (, 1- lL-

I 
I Residue l7'J/·J.z.. - 2- '-f'i. 41 5"f'f·1-i 2..;) ~ ·- I 

' ! I 
Total li.~11-il 7H.'l~ /2.S"S·.:} t.f>·7.2.C ! S'-t~·>'"f '-t 1.. 'ts-

I I 

jl~)VL-
(Representative, IICT) 



, 
Date: :/- · .1. - ~,,_ 
Run No.: Jcl'lo .z. .)1S1-~. 

orsrtLLATI~ OF PYROLYSIS PR~ 

I 

Time Fraction Temperature ( °C) Pressure Remarks I 

! 
No. (nm Hg) I Still Still Vapour 

I Dimner position 

/O-Stl ! 
1 "'-. ! • I ~-'o /OO .5o- JI.CJ .:50 I 
//. 26<" ! 

11-K I 
2 ft 

~ 3-J~ z 'o- io 100 iRl'J - i,z. I~ --
3-lf" 

3 -lb 
3 'l-1 ! 14-30 io-l~o I~ G..2..- i'O 

Jt.ao I 

4 "'-
i 

lb·ln If '""-It> '"-0 - Jfoo 80 - 11/S" 8-' ! 

lo-10 
5 .,. 

//. 2'" ...., 5" /'lo-2.DS /'80 I/~-/''; 'l -1 
I 

~~~ 
(Representative, IICT) 



Date: :/. 2-'C/~ 
Run No.: )£110 ;z...~1s1 2 . 

DISTILLATION OF PYROLYSIS PRODUCT 

!Pyrolysis product (kg) J.o 

Fraction Fraction Wt. '1) Remarks 
No • • 
1 

/A,. q 

2 
'i'i1 ·I 

3 
I O't ·0 

4 
/zoo ·'t 

5 
/13·1-

Residue 
14 Cf . 0 

Total {!J) A..1rg;._. I 

I Loss on Distillation Li) 

~· .1,,.,~'D~' 
{Representative IICT) 



Date: ?-2. _q 't 
Run No.: PE Mei-- l-

1> t SI 1 L. L A I i ON - L 

DISTILLATION OF PYROLYSIS PRODUCT 

Analysis (CC): 

Fraction Weight % Remarks I No. 
HA MU c1r. • crn Me Ric Others I 

I 

l I Dll~c_, ... " c!.cJ. I 
I 

2 
I 

'}S,"l.- il·n - - 2·01 

3 6~·; 31·K> ], ·C•) - -

I 
! 

4 C• '- 7g.lt-'} I •; c;- c .;J, I -

I 
I 

5 - 72·53 2.2...·JJ.- 3 ·i.t 't I ·1 I I 
I 

Residue - - 2 7. 8 ~ 71·r;>- O·f~ ! 
! 

"\ 

11'-' ?-(Representative, DRTPE) 

1~~-,1·L-
(Representative, IICT) 



(-7 

Date: /-2. -9 <t 
Run No. : l> C Mc - L 
"l>IS/tLL4 T1()/'l-L.-

DISTILLATION OF PYROLYZED PRODUCT 

Composition of fractions: 

Fraction Fraction Weight, g 
No. Weight 

l HA Mus cl6 + clB Me Ric others 

1 
I 

2 s-·11., ~"'i·~~ i6· ;~ - IZ. '-1~ -
3 /o I· o 70· ·11: ~<t·C:.~ - ~ 1·J) 

4 12 (It.. ~ l.. 4C' lt8Z.. ·'-) /1. . 8 (, - I . , ~ 

5 I /l· 7 - si..·z.'1 l ~-JS 1·?/ 2 ·I? 

Residue 7 'i ,. c - .- 1-C~·4~- .s·:i>. ~ ~ ... ·~) 

Total ,.769·l- 6"f/·S IM}·l~ L-'f7·63 5)}. s- ; i.e.,-~ 

~1-t 
(Representative, DRIPE) 

.~t.1ill_ 
(Representative, IICT) 



G8 
Date: 4-~ .. 94 
Run No.: 'Df"10 • z 

HYDROLYSIS OF ME UNDECENOATE 

Me undecenoate (kg) '3·0 

NaOH (Kg) '. 0 7 

• 3·SD L~G~ Cone. HCl (kg) 
t 3, - 3CO ~- Pv.na) 

/1 ) if 
,/ -~ 'l"--:' 

{Representative, DRIPE) (Representative, IICT) 



Dd t ~ : t..,. - ~ - ~ '-j 
Hun N .. >.: _:v F-\\.c _ '-

llYORO~YSIS OF ME IJNDECENOATE 

Timr.> 'l'r:mr>. ( .. (') ori~r.-it ion Rc•mark:::; 
I 
I 

-------- ~ 

'"' ._2,c, ? t'\ ~ 
\"\-L.. ll..--A.- c ~"2f-'.. r 
u...~ ht:_}(..<4..~ a... :-.J... ~ • .,..L. ""# I 

\ )._. '3.:>' S'c. No..• H Sc.~ I 
c:aJ. s..... J-_ ~ lt.~ -- I 

I ~·4-t;;° '""'le ~ L_ ~~ .oi...!'~ .- - I! l 
- I 

1 lf..'.) /c ~~""'--
jl J . 

Jl·~ G.c A-A.-dl...-n.. t,~ , I 

.;l.. 4-5""" {;, c. 
st.:.~ ~t;.,.,._,._ ~ I ~ .... k'L- ~.J-... - ·-

~.i~ ~o ~~ ~._. ~ 

.3·~~ l)o ?""'~ ~ ~ (J-~ - ~-~) ..... .lll --
::!:,.'.],.~ S'"o s~+ ...... , ... hU ......... I 

~ .. ~ .\.c.tf-t..::._ 

lt·c ~ t;°c :c.~h..~)\A ,.._~ 

------. I >-t le S"c .;-.-~. ~"1- ~ ..,. "a.,I.. "-

~1-~ 1>.. -- .J\.JL-il--.. .b...J.. 
' 

ii. C'"\I i:)c JL~k~"- -· -......!.. 

s-: c ~ i;'O ~~ ~~ A ill " k..l 
~1-:--- Pv-~ .A .•• -

" C"t> 
~c Cill. ~I-.. ~ A.IL~ 

b-t~ c;--o .;--~.~~,A,{,. I. I 
I 
---~---- -------~~~ ..... -~.Ci I 

~3tflrf' 3'1i ~1'. ....r-:i-. - - . ~ ...... I 
... s r ~ r'-} 't) LL~~c... ..... - •II .~~ 

~ ~~·d.. w..c....."°!) ~ r 

-

_1 ., -:.-r r 1 • I;,-·., I .__-

(Represe>ntc1t iv , nn 11'1~) (Repres0ntative, IICT) 



70 
Date: '-f-:i..- ~4 
Run No.: 'D fMO. 2. 

HYDROLYSIS OF ME UNDECENOATE 

lundecenoic acid recovered (kg) :;).·76 J 
Analysis: I 

Moisture content, % ' . -5 6 

Acoid value ac;o.37 

Freezing point (°C) 1'1·-5 - ';.il·S' 

Purity (by atl\CAJ Vo.JMR) qf).~3 
•1. 

/)'' ;L? \/~,(Co l.t_ 
(Representative, DRIPE) (Representative, IICT) 



11 
Date: c3-.1.- ~~ 
Run No.: .De:h;)o d 

METHANOLYSIS OF CASTOR OIL 

Raw Materials: 

Moisture Acid value 

Castor oil o • .2..-i ~ /- <? 

Methanol 01/ x 

Assay Sp. gr. 

Na OH ~b ~ 

H2so4 '?~ ~ /, ef'-l.J,... 

\ 
-k J"', r CL_ 

(Repres~a~~ve, ~) (Representative, IICT) 



72-

Date: 

Run No.: 
3-2-94 

'DfMO -3 

METHANOLYSIS OF CASTOR OtL 

Raw Materials Weight (kg) Volume (litres) 

Castor Oil ~fJ· 1 

M~thanol CJ· 0 
I .-------------r------- --- - ---·-------

NaOH CJ 31~ 

112$04 
, 0 ·2~~ 

-:;t ,Jfa, ~--
( Repre~cali ve, DRTPE) 

_D ~-. 
y:~&T~---· 

(Representative, IICT) 



Time 

1 f • I, • .. 

' I ,, 

·,I• 
Date: -, 

Run No.: ..... ··- i ,'• -

METHANOLYSIS OF CASTOR OIL 

Temperature Operation Remarks 
.. , 

I -1._ .. . ,/ ·- \ 

r • ,, . : . ., -I. ~ .. ~ •· - - ,, f 
....... ,, ... . '~ 

/. , 

~, ~ •... 1 ' I 

: , I_ ·I . __ , 

I 
,· 

I .I. ' .. '.·· /: -• .... , 
+---....,,..--+-------------+-...;.· -··.._/ ;..· .1_. ___ , ____ ... _._.,_._.1__,f--_ .. _.:....; __ • __ -~.-·. _,;..· _ .... : _.''-"-f·· ·.,~ _.. 

~ . / 

'I' .• :"":',. 
• - • ! ( 

I .i, ,, .// ,:_. I 

/ ~- - -,. .. 

:: , : , __ -.c,.I 

~ . ' - . .I ' . , 
.! I - ,/ - : t -,_ 'Y - _J .; •' I • 

+--------+---------------+---------"'-----.,f-----------~-

. - . 

/..... 

r\, . 

,. 

, .. 

•.· 
-'· 

-~' . ',./ 
'.'.ff/,./ 

• r • 

- r I . 

I . ..... ~. 

... ,. ,, 
.1 /. 

{ . 

. ( " I ; ,I l, I 

. : : ./ 

'.·I 

' . 

. I . - ,. 

J 1 . .-. 

. ·.I' I 

r -· 

. -,· '·.{. • I ,r 

l;1_C h;.l~ 
(Representative, ItCT} 

./ 

t_, .... 



7'f 

Date: 3-2- c:l({ · 

Run No.: ..:.D L•V\.a -~ . 

Ml·:'T'lll\NOf.Y!~TS Ofo' C'l\S1'0R nrr. 

Product Recovery: 

Weight (kg) 

CME 46. )_(J 

I 

Glycerol (in wash water) -~ . <;; 6 I 
Methanol L-t . 5:.u 

\'-(ko/(o 
(Reprasentative, IICT) 



Date: 5- l - 41 <t 
Run No.: 0,E MO -3 

METHANOLYSIS OF CASTOR OIL 

Product Analysis: 

Moisture content Acid value 

CME I·<+ b YG 

Glycerol content 

Wash water 
wt • .·.) ~ . '1 )cj 

(Rep~t) ~~ 11.;?.___ 
(Representative, IICT) 

I 



76 

na t e : 5 - 2 - '1 't 
Run No.: Cl E /'10~ 3 

ME'l'llANOl.YSIS OF CASTOR OIL 

IMoistura 

Acid value 
• 

Fatty acid 
Compositi.:n, v:t !. 

------ -· 

#t 
(Representative, DaIPE} 

cl6 

c1a 

CL 8 -ou 

I · f (, 

g.--13 

8 '1 ·11 

I 
I 

i 

I 
I 

~tli>Jll __ 
(Representative, IICT) 



77 

PYROLYSIS OF CME 

Reaction conditions: 

Furnace, Superheated 
steam superheater steam 

Temp. ( °C) £0/ <t-1t;f! 
I 

Feed, CME (kg/h) 

Feed, Steam (kg/h) 

f, 1J 
1/x-· /(L-

<Repres~ntative, DRIPE) 

Date: 7- .l... • "7 ~ "- tf..J_.9'Ji' 

Run No. : ..!> IE'¥'? e> .3 

Furnace, Pyrolyzer Feed 
pyrolyzer reactor 

6J17 J-?J. 7.L 

/· /J-

/.Py 

( ~) Representative, IICT 



Date: ~·2. ~4 2 8· 'l .94 
Run No.: 7>Etv10 -3 

PYROLYSIS OF CME 

---+ 
Time 

i~~:~~ce, 
Temperature oc. Operati.:in 

. I . 

Remark~ 
I 
I 

ch) 5team 

I 
Feed Furnace, I Reactor I 

I reactor I 1 2 
..- I --' 

O·o I 423 38 i- I 71 618 I rr6 
~·o I 508 ~3'l- 78 681- 1603 

4 :,1:, l,o~ 72.. 686 
I 

':/. 0 ! S"? 8 
12·0 4q4 '412- I bG €'10 i6t-u ·: 

&'31 440 l 73 ~g~ sqS""" I d..tJ I ' '-l 
I~- o 

I 
So!D I ~. 

;u.o '1'1Cf if Io 7o /,RI::> $716 
l::<.~-o ~13 

«..: 
~g&' ~ot 73 l~'"qg 

32·0 48t ·4of 7!.J 686 ls'J9 
36·0 I S-t3 ~34 72-. I 60() l~cs 2.. 

. r , ,~· 
I ; ) ,- . {. ____. 

(Repr~s~ntati~e, DRIPE) 

~ 

~~-~ 
'Representative, ll~T) 



Date: 7- .2... .?~ ~ ~ ..2- ... 9~ 
Run No.: ....}) IF MO 3 

PYROLYSIS OF CME 

Time Pyrolyzed Water 
( ,(,) Product (kg) (kg) 

i.o /· d1? ...3. 7/ 

7.v J...._ cJd' "7· l-S-

/;i... 0 _s~. 0 t5 9·0o 

/?-0 ~-- J.-.-6 'l · ;i_.f' 

.l...)....-0 S· £;;3 9 ·..3 ~ 

2.. ?· (.) .S. /y- d' ·?l. 

...3..2-· 0 S"· :i-v ?·-..l...~ 

-~'· u Y·-31 7·1t 

Total: 3 7 .. 3 7 

;{; ,7~----7 
(Reprelertt:tive, d~IPE) (Re~~ICT) 



ITocul Run Time (h) 

Stable Run Time (h) 

-r 
1·6 

D.1t1.:; 7. 1.. ·4?Y~ ,f' -.L -?~ 

Run No.: .DE~0..3 

I 
!Residence time (sec.) /· -5'3 

I Product ~ ~~~;:~_> h--p--u--t--------·----4-1-__ -_-_~~~---:-_-._-~-.2.....-_-?_-_-:_-_-_-_-_--

/ 
l>l~ff'E) 

L-~~ 
(R~;~;~-ivo, T L"l') 



SI 

l'YHOI. ·1~; I~: OF CME 

CME Pyrolyz0d (kq) 

l[oss on pyrolysis (kg) 

/ pyrolyzed product 

ll.1 t \.! 7. i. 7 Sc d Ji . .:L. ? $« 
Run No.: .2'€A?o 

3 

3 rr-. 6 0 

3 ~- /~ 

I Moisture content, ( % ) ____ I 

--'-~~~~~~~--~~---'-

j, 1~~ />---- <....__., 
/ __ ;.J , - / 

{Representative, ORIPE) rrc·r 



Date: 8 Z . ?.,. 
Run No. :Ju10 3 J1st. / 

DISTILLATI~ OF PYROLYSIS PRODUCT 

Time Fraction Temperature (°C} Pressure Remarks 
No. (l!ITI Hg) 

Still Still Vapour 
Dirrmer position 

If cv.-
1 -lu 
/{. "r. I .35"-S-o loo ~ -1./0 ~() 

tf.t;.c 
2 -II. 

L 50-15' loo llfo - {,i.. IC/ '~.ud1, 

1.. If~ ! 
3 lb I 
~ .t))~. .3 :/)-ll.01 12.o ll,2 - ~o 1- '1 -I 

I 3.05 
4 .,., 

4 !20 l&o 1-? :/_ur; !20 110 - !So -140 
1-'IJ 

I 5 -lo 
100 1- -1 i.3o ...... ~ 1110 ~lo -- 110 lliD -16ol I 

' 

I , . I~!. 
'" ~ ·' , -/ . l 

(Repr~sentatiVe, DR I PE) (Representative, IICT) 



... 
•) 

Date: <i. 2. · ·!'f 
Run No.: 'JJEl'7D .3 ?J1sf. I 

DISTILLATION OF PYROLYSIS PRODUCT 

!Pyrolysis product (kg) 

Fraction Fraction Wt. 
No. 

• 
1 

II. g5" 

2 
581 . '+o 

3 &e:, . {.,Cf 

4 
/33:/-·0 

5 
11· 4 

Residue 
10'J.. ·3 

Total( J' 2£3G· C:,q 

!Loss on Distillation!'(' 

l I : 
I 

(Representative DRIPE) 

3.0 

Remarks 

. , 
• - 1 ~ Ir·~_,.....

n~~ . ,l('~ . l \_,., 

(Representative IICT) 



>.- ... , 

Date: 
Run No.: ~· (_ ;-..1(. -., 

\) i ': -; f l l -·l -i t C• N - I 

DISTILLATION OF PYROLYSIS PRODUCT 

Analysis (GC}: 

Fraction I Weight % 
No. I H.~ M'....' Cl6 + ClB 

1 

+- I 12 I -, , i'bl /- 12 I I . I 

13 
I 

~. i l ! I;,;"' . 
I 1 · 

I 

I 
4 1 . ) lt f(,. b':> I 

15 I - _.:; I ·.)I 

IResid~e I I 

I ~· 1 ·j I -
I I 

.. 
' 

- ... 
!.-

-- ~ 
I 

(Representativ~, ORIPE) 

.---

--

~. !/ 

\r·7S 

Remarks 

Me Ric Others 

T'>l-_ \(._ ,· ',;.-_{. 

--

<. (- > 

- (.' '> ~ 

r ~(- '-i.; 1--
I 
I 
I (,' ) ) ' I ) <-

I I I 

\

1 ' tJ' l --

(Representative, IICT) 



I 

Date: \' i ',. ~ 
Run No.: r,( "'C \ 
i') \ \ -, I [ l r \ 'j ; C' 1"\i - I 

DISTILLATION OF PYROLYZED PRODUCT 

Composition of fractions: 

F'raction I Fraction 
No. Weight 

I ., 
1 I 

I 
I 

2 I ....,. ~ I . i..; 

3 (~ (, (,., 

4 11·~ \ 7 ( 

5 I 
I 

Residue I 
I 
I 

Total I ,. 

;7_ t..; 

} (, J 3 

;:»..:'1·;~ 

/1 
I ; 

I 

I 
I 

I 
(Represe~tative. DRIPE) 

HA 

,) ~ l- "> l.. 

s( ~.-~ 

\(. t"' 

-

t,/ '> <tS 

Weight, g 

Mus Cle + 
,.. Me Ric Others "'18 

I I 
I tp .•. s ~ . -I - . 

I I I) 1<1 I -- -
I 
I 

P, j L._' l.! 
I - --

I 

I I (- I 4 .<; l- .. l(. ., .n I 

I I I 
t{ + f < 'i l ( .;. '-,Ti· II I 

I I 
, '1 -~ :, 2 j I .:- l i t: '· s 

; t -, ·,. I) > >. l· 1 I 
I i 

I 

,• 

(Representative, II:T) 



... (-

t' I: \. : f 1- 2 · .&f'J 
;· .... - _,_...._ r. ')I 
•• ·· · ·• • •Jlf=rJU .J yfSJ 2. 

l/~!1 I I I I 
I 11. 3{" I I i.30- s-o f too L3o -1/o : 
i::''~3~1-~--~, ' -~---~ . 
~ . I . 

~~4:- Z --~'ilJ-!!~- ~.; _______ HQ ___ ~.lf_Q_~M~---~9 _______________ . 
f I 

; }·:,;" ! 

: 3 -10 ~--_2_ ____ jl!l_:-J!-QT_f_!_D ___ :-_ _12.._0_}tf - ~~ _ ~-_!F__~---
3-to · • ' : · 

I -~ -1. i i I I I . 

!.!.:~.o! _____ J_j ____ i/:J.o-rtoi IJ...o - lf:::o !~o-llfDI '6-CJ ; 
8 

. .f/Oi r ··-·r-· --- ------~-------: -----·--·-----
!5 ~ I I I i i 
I 2.:_J.~ ~ !lt/o-;...oo! 1'1o - /'60 ll'Jo-l:Jol ___!_:-1 _____ _ 

" A·. '--\,-)_, a: 
~ \ ~-

: ; .......... ' ;~·'<._:· ... ,. r1• ~ ··,·. ['r·( 1 t •· ~ 
• • "" ~ • "'" . • . .., • I • • o . 

( fi (· ~· ~ {. . ' - .... .. ; ._ ! ·: ... , 



. I 

Date: 11 2 '94 
Run No. :}fr7o 3. ?>1s1 2 

DISTILLATION OF PYROLYSIS PRODUCT 

!Pyrolysis product (kg) ~.o 

Fraction I Fraction Wt.~) Remarks 
No. .. 
1 

I CJ. lo t--
140,11 

3 
'5(., · 1 ]_ I 

4 
/ 2 qq . 0 

5 1;_. t; 

Residue 
:/ l. / I ·O 

' Totalfi) I 2-C/01 · )_ '1 

I I 
~'-Lo_s_s~o_'_,_o_i_s_t_i_1_1_a_t_i_o_n __ (_/_)~--'~~~~-Cf~0-·~1 __ 1~~~__J 

1· ·,,, ~:;l 
~ j r·- L 

(Repregentative DRIPE) (Representative IICT) 



Date: 
f., - ~) ; ~ 

Run No.: ;-. (. r-1 (. 3 

r) i ') -, 1 l l A I i C' N - i_ 

DISTILLATION OF PYROLYSIS PRODUCT 

Analysis (GC): 

Fraction I \\eight % Remarks 
No. 

HA M:..1 cl6 + clB Me Ric Others 

11 1°)\.)(c'·r · \. 'e 
I I 
! I 12 fl ·C) f.; I - ·- (,. (. lf 

I 

L .. ~1,.~; 
I I 

I 

I 
I 13 - '1,. 7 . 

! 
4 I·°) l 'i ·' · t,) I - . - / ·r I 

5 - I<. >t ~l-·(.C, 3 . -~ (. C., (I . ; c, 
I I 

,Residue I - I ·_2, ":, • -) '1 (•l;·'tl· - I --
I i I I 

'i- ~. ~-
.-. l .... 

: .r·1 >' .. l --· 
(Representative, DRIPE) (Representative, IICT) 



._ I 

l' .11 •. : t '"). z 
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HYDROLYSIS OF ME UNOECENOATE 

Me undecenoate (kg) :z. r-1 
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Na OH (Kg) I 07 

Cone. HCl (kg) 3 ·50 LR. ·..::~~,J, 
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T ··. ,..: 

, I 

' (Representative, DRIPE) (Representative, IICT) 
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HYDROLYSIS OF ME UNDECENOATE 

IUndecenoic acid recovered (kg) 

Analysis: 

Moisture content, % 

Acoid value 

Freezing point ( 0 c) 

Purity (by 
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Pl.HT R (TR . .\ I T\J !'\G PROGR . .\'."l'lf l 

AftPr ronrlusion of the denonstratinn runs, thf' Chinese 

~ciPnt1sts, '.I-tr·. Li H11.)i and Mr. Li Li.sng t hr:>nsP)•.-es 

rondurtpd the \·.=n-inus steps of thP prnress "'it.h thP follm • .-inr:J 

nndifiraticins: 

,3) The St"f·r·nd stt·p Df thr_· process, \'i7., pyrolysis of C!'-tF "°as 

r 11 n f n r .1 t < • t it 1 t i r1r " 11 f (; h 1 n st Pd d n f .1 (i h , an ri 

bl Thf' last step of the process, viz., hydrolysis of methyl 

underenoatP, being a simple one, was onit.ted. 

The .7ibn\·e modifications "°ere rr1ade at ~he r·eguest of the ChinPse 

scientists. 

through: 

CnnsPquf'ntly, thf' fo)}o.,.ing programme "'as gone 

al Methylation of castor oil; 45 kg/batch; one run 

bl Pyrolysis nf CMF; three runs of 6 h each 

cl Djstillatinn of pyrolysis produ~ts, three runs. 

ThP rei;mlts, surnmari7Pd b("]o,.., rorroboratP!=i the ParliPr results 

obtained in the dennnstration runs. 



PART II. Tl!Alllll6 PRO&RAllllE 

R E S U L T S 0 F E I P E R I R E I T S C A R R I E D 0 U T 8 Y D R I P f S C I £ I T I S T S 

I. llTHAllOL YSIS OF CASTOR OIL 

It. of Cistor oil (l~I 
It. of 1Ptbinol (lg) 

It. of tethyl esters (CllE) 

llohturr content of CftE 
It. of dry Cll 

It. of lliSh ••trr 
6lyctrol contrnt of ••sh ••ter 
&lycerol rrcovertd 

II. PYROt YSIS OF CllE 

Conditions: 

Trtperaturr l'CI 
ftfd rite (lg/hi 
Stea./fffd ritio 
Residence tilt' I HC.) 

Totil rur1 ti1e (h) 
Stiblt run tilt' (hi 

: C5 
: 9 

: 46.1 
: 1.49 
: 45.41 

49.05 
7.9 
l.87 

596 
1.157 
1.578 
1.54 
6 
4 

lite (h) Pyrolyztd product (l9) 

JI 

2 2.09 1.5 (1.511) 

II JI[ 

598 594 
1.145 1.152 
1.7 1.69 
1.44 1.45 
5.5 6 
4 4 

later collectftl (lg! 

Ill II III 

1.93 l.67 l.24 (1.5h) l.90 
-------------------------------------------------------------------------------------------------------------------------
6 4.20 4.07 4.10 7.lB 7.47 7.89 

6.29 5.57 6.03 11.05 10.71 11.79 

Totil Cll pyrolyzed': 6.90 6.21 6.81 
Jess first 2 h 2.28 1.69 2.27 

4.62 4.52 4.54 

Jotil ~yrolyzftl product (l9): 4.20 4.07 4.10 
lloisture contff'lt (%): 0.79 0.75 0.74 
Pyrolyztd product, dry •t. (lg): 4.17 4.04 4.07 
loss on pyrolysis: 0.45 0.48 0.47 
Throughput of product 1•9/h): 1.04 1.01 1.02 

'All valuts t1pr1ssld on 10istur1-fret basis. 



JJJ. DJSTILLATJOlf OF PYROlYZEn PRODUCT 
EJPT. I 

Mt. of pyrolyztd product ~istillfll : 2976.31) 

Frn Jlo. Frn. •t (g} Coaposition, ht (&CJ Frn llo. Fr11. •t (9) llfight, g 

HA ,., 16+18 !Ir Ric HA Ill 16+18 llr Ric 

1 22.0 Disurdfll 
2 794.8 92.17 4.58 2 794.8 732.57 36.40 -.. 1362.5 2.90 95.9~ 3 1362.5 39.51 1306.91 -.J 

4• 53.0 26.35 26.95 1.47 4 53.0 31.56 14.28 0.78 
Residue 619.l 45.09 ~.35 Residur 679.2 - 306.25 369.14 

It. of frictions ~xcluding Frn. 1 2889.5 2889. 50 772.08 1374.87 320.53 369.92 
Loss ill! distillition: 2976.3 - 2889.5 = 86.Bg Otlll!rs : 53.23cj 
•Also contained 30.891 undrcfflcic acid. 

EIPT. II 

Mt. of pyrolyzed product distillfd : 2977 .5g 

Fm. •t fl}) Co1position, l•t (6C) Frn lo. Frn. •t (g) Mri9ht1 g 

AA ,., 16+18 II! Ric HA Ill 16+18 llf Ric 

14.27 Discarded 
816.36 94.72 3.29 2 816.36 773.26 26.86 
38.58 64.60 24.38 .. 38.58 24.92 9.40 -.J 

1373.69 1.42 97.61 4 1373.69 19.51 1340.86 
60.7 5.95 32.00 0.13 5 60.7 36.83 19.42 0.08 

590.7 49.67 2.32 Residuf 590.7 - 293.40 13.70 

It. of fractions excluding Frn. 1 : 2880.09 2880.00 817 .69 1413.95 312.82 13.78 
Loss on distillation: 2977.5 - 2880.0 = 97.5g Otlll!rs : 321.79g 
•Also cGntained 50.91 undecrnoic acid. 



EJPT. Ill 

Wt. of pyrolyzed product ~ist1lled : 2977.Bg 

Frn le. 

1 
2 

4• 
Residue 

Frn. •t (IJ) 

J7.0 
11412.7 

1262.6 
76.65 

642.2 

CHposi ti on, lttt (6C) 

HA II) J6+J8 lie Ric 

Disurded 
95.23 2.73 -

98.89 
2.85 39.93 

40.87 49.28 

Kt. of frictions r1cludin1J Frn. J : 2874.15 
Loss on distillilion: (2977.8 - 2174.15) : 103.65 
•Also contiinet! 47.851 undecenoic itid. 

INPUT lh! 

lie ricinoleite: 4.16 
Others : 0.46 

4.62 

INPUT Ogl 

lie ricinoltite: 4.07 
Others : 0.45 

llATERIAL BALANCE 

EIPT. 1 

EJPT. 2 

OUTPUT Ital 

Heptildellyde 
lie undecer.oitt 
Cl6+18 
lie ricinolHlt 
Others 
Loss on 

: 1.08 
: 1.92 
: 0.45 
: 0.52 
: 0.07 

pyrolysis : 0.45 
Loss on 

distillilion : 0.12 

4.61 

OUTPUT lktl 

Heptildehydt : 1.11 
lie undtctnDilt : 1.92 
C16+18 : 0.43 

4. 52 lie ricinolt.att 1 0.02 
Others : 0.43 
Loss on 

•yrolysis 1 0.48 
Loss o:i 

distillilion 1 0.!3 

4.52 

Frn lo. 

2 
3 
4 
Residue 

Frn. •t (IJ) 

892.7 
1262.6 

76.65 
642.2 

llfi9ht, ' 

II) 16+18 

850.12 24.37 
1248.~ -

41.62 30.61 

lie Ric 

- 262.47 316.48 

2174.15 850.12 1314.57 293.08 316.48 
Others : 102.llg 



IJIPUT !tgl 

llr ricinoleate: 4.09 
Othfrs : 0.45 

4.54 

CALCULATION: 

lie undecftloate frot lOOg Cl!E 

MTERIAl IAL.All.'E (Contd. l 

EJPT. J 

OUTPUT Otl 

Hfptaldehyde : 1.16 
llf undKflloate : 1.80 
C16+18 I 0.40 
llf rici1oleate : 0.43 
Others : 0.14 
Loss on 

pyroly1is : 0.47 
Loss on 

distillation 1 0.14 

4.54 

EIPT. 1 

Undecenoic acid, assu1ing a factor of 0.9: 
llndecenoic acid, 951 pure 

41.569 
37 .40g 
39.379 

Repyrolysis of thf distillition residue •as not carried out. 

EIPT. 2 

42 .411g 
38.23g 
40.24g 

EIPT .3 

39.651] 
35.68g 
37.56q 
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