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LETTER OF TRANSMITTAL

This report is submitted by the Indian Institute of
Chemical Technology, Hyderabad, 1India (IICT) to the United
Nations Industrial Development Organization, Vienna, Austria
(UNIDO) in terms of Article 4(c) read with 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
IICT in the preparation of 10-undecenocic acid from castor
oil. The two scientists from DRIPE, Mr. Li Huai and Mr.
Li Huai Liang were at IICT from 7th January 1994 to 16th
March 1994 for training. TICT 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 letter of transmittal as a proof of
their satisfaction of the training received by them from
the IICT.

for and on behalf for and on behalf of
of DRIPE the IICT

) 1T ..

Mr. Li Huai (T s FAIHAL)
;"
JEA - T/ HEAD
Mr. Li Huai Liang W w war
OILS & FATS DIVISION

aroire tararrs it dor
INDIAN INSTITUTE OF CHEMICAL TEC |11 LOGY

AZTWTZ 7 HYDERABAD-500 (i




SYNOPSIS

Mr. Li Huai and Mr. Li Huai Liang, scientists from the
Design and Research Institute for Petrochemical 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 TICT scientists in one month's time.
These runs have been successfully completed within the stipulated
time at the scales and yields agreed uvpon in the contract.
Results of these demonstration runs are summarized and given
below. As the results show, all the contractual obligations have
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.




Ssssary of Resalts of Process Desosstration:

FO-UNDECENRQIC ACID FRON CASTRR B1L

To /s DRIPE, CHINA.

DEMDL N2 JEW03
1. METWYLATION OF CASTOR OIL 25/15% M/1/% 32N
Wt. of castor oil (kg) 2 43.1 LR ] 5.1
Bt. of sethanol {ky) : 9.0 1.0 9.0
Nt. of Mo esters {OME) (kg) : %.7 5.9 4.2
Moisture content of CNE (1} : 1.81 1.61 L4
Nt. of dry ONE {Rq) : 45.86 45.16 45.52
Nt. wash mater {kg) s B.13 3.2 3.6
Slycere]l comt. of wash water : 11.31n1 11.41 11.46
Glycerol recovered (ky) 3.8 L, ) 3.86
11. PYRRLYSIS OF OE (27/1/9%)
Condjtivms: 207179 17219 2%
Teaperatwre {°C) : 08 3% 595
Feed rate (kg/b) H 1.14 1.13 1.15
Stean/feed ratio H 1.7 1.69 1.6
Residence tine®(s) : 1.43 1.48 1.53
Total rum tise (b) s % 34,4300 %
Stable run tise (b) u 32.83 u
Tise () Pyrolyzed product (ig) Water collected (kg)
I 1) Lod 1} | 1) L n
2 2.04 2.4 1.0 .07 3.0 3.0
7 5.00 5.02 5.08 .98 .9 9.25
12 5.14 5.18 5.0b 1.9 9.83 9.00
17 3.2 .0 5.2 9.86 9.9 5.28
2 .8 5.18 5.43 9.81 .42 9.3
n 3.3 .14 5.4 10.03 9.% .%
2 5.06 4.5 5.2 9.07 1.5% 9.2b
% .8 .82 3 LA §.85 1.6
37.% 5.2 .y 1.7 .25 86.48

"Based o0 the specific vol. of steas mly, at pyrelysis tesperatere.

SeCorrasponds to 2 rum tise of 34.43 heurs due to mechanical brestdomm of boiler.




Total CME pyrolyzed® : §0.26 Iy 38.27

less first 2 & :{-)2.06 1y (-12.22

8.2 3.05

Total pyrolyzed product (kg) : 35.83 nB.4
Noisture coatent (1) LI B 4] 1.05
Pyralyzed product, dry wi.(hkg) : 34.99 3.8
Loss on pyrelysis (ig) s LA 3.1
Throwghput (ke/h) : 1,08 1.023

I11. BISTILLATION OF PYROLYZED PROBUCT
M 1
PISTL. (28/1/98)

¥t. of pyrolyzed product distilled : 2.9775 &y

Fra X Frn. wt {g) Conposition, lut. {6C)

] R 18418 Re Ric

1 2.0 Discarded

2 $48.4 93.93 - - -

3 8.3 81.5 11.92 - -

4 1294.0 3.8 5.4 - -

3 13.0 - 68,37 12.8 2.8
Residue .0 - - N.5 $8.03
Wt. of fractions excluding Frn. | : 2871.%

Loss on #istillation: 2977.5 - 2871.9 = 105.4

Fra No, Frn. wt (g) Neight, §

B W 16¢18 e Ric

2 658.4 621.8 - - -
3 8.5 3.8 8.6 - -
4 1294.0 9.7 1733, - -
d 13.0 - 8.9 16 03
Residue £28.0 - - MY L3

20719 7328 12%0.8 245.9 %43.b
Others: 78.8¢

A1} values expressed on soisture-free basis.

Hn.n
{-)2.27

8.0
35.48
0.84
35.18
3.0
1.029

BIST2 (2/2/94)

Fra No. Fra. wt (g) Cosposition, Ist. (EC)

KA M 16+18 Re Ric

1 13.9 Discarded

2 735.4 9.2 - - -

3 37.8 79.46 4.8 - -

4 1234.6 - 9.7 - -
5o 48.9¢9 - 19.4 2.2 4.4
Residue 907.6 - - u.7n 73.3%

*Also contained 42.51 uadecenoic acid
¥t. of fractions excluding Fin. 1 : 2884.39
Loss os distillation: 2977.5 - 2884.39 = 93.1g

Frn Mo. Frn. wt (g) Veight, g

L W 16418 Be Ric

2 135.4 19.5 - - -

3 57.8 s8N 3B - -

4 1234.6 - 128.5 - -

3 8.9 - 31.89  10.87 2.13
Residue 802.6 - - 199.04 3927

2884.39 775,45 1254.37 210.51  394.85
Others: 49.23g




N 2

Dist. 1 (372194)
Bt. of pyrolyzed product distilled 3 2.9485 ky

Fra No. Fra. wt (g) Coaposition, It {60)

] M 16418 Me Ric

1 13.0 Discarded

2 #93.95 .2 - - -

3 11.1 85.5 6.52 - -

L) 1235.0 1. 9.9 - -

3 70.54 - 75.74  18.12 1.5
Residue nL.2 - - 30.89 68.79
#t. of fractions excluding Frn, 1 s 2837.89

Lloss on distillation: 2948.5-2837.8 = 130.7g

Fro No. Frn. wt (g) Beight, g

HA m 16418 e Ric

2 693.93 874,66 - - -
3 7.1 5.2 .07 - -
L 1235.0 19.02 1201.33 - -
] 70.54 - 33.43 12.78 1.06
Residue 191.22 - - 4.8 54428

2837.81 733.95 1258.03 237.20 543.34
Others: £3.43¢

PENO3
Wt. of pyrolyzed product distilled : 2.9748 kg (B/2/98)

Frn Yo. Fra. wt (g) Coaposition, lut (EC)

KA W 16418 Pe Ric

1 11.85 Biscarded

2 981.40 92.28 n - -

3 66.69 73.41 2.9 - -

4 1337.0 2.7 %.8 - -

] .4 - 8.3 3.1 0.8
Mim 7‘2.” e 201’ 3‘:1’ ‘20”

W, of fractions excludieg Frn, § s 8.0
Loss on distillation: 2974.8 - 28248 = 150.0¢

Dist. 2 (112/94)

Frn Ro. Frn. wt {g) Cosposition, Iwt. (6C)

] B 1e+18 Be Ric

1 12.9 Discarded

2 7.1 9.2 2.1 - -

3 109.0 6.1 UW - -

4 1200.4 0.2 98.49 1.15 -

b 113.7 - n.3 2.2 1.u
Residue 749.0 - - 27.83 .52

*Treated with diazosethane to ronvert wndecessic acid present

¥t. of fractions exciuding frn. 1 : 2119.2
Loss on distillation: 2988.5 - 2789.2 = 199.3

Frn No. Frn. wt (g) Beight, ¢

L M 16418 Fe Ric

2 n7.1 568.48 16.18 - -
3 109.0 70.% M9 - -
L 1200.4 2.4 1162.27 13.% -
3 113.7 - .24 N8 3.9
Residue 749.0 - - 208.43 535.68

2769.2 M8 13133 47.63 I3NN.W
Others: 24.8 g

Distn |

Fra Mo, Fra. wt (g) Neight, ¢

L W f6+18  Pe Ric

1 12.9 Discarded

2 581 .4 535,52 MU.8 - -

3 66.89 5%.33 1.4 - -

4 1337.0 36,63 192.26 - -

t 7.4 - 9.13 L82 0.6b
Residue 762.3 - 16.69 242,03 479.11

BN.53 2347 . 20645 4N9.TT
Others : 33.614




DEND3
Bt. of pyrelyzed product distilled 1 2.9748 kg (17/2/98)
Fra lo. Fra. wt (g) Cospesition, Iut (EC)
) U (131 e Ric
1 19.:0 Discarded
2 740.97 92.95 1.y - -
3 .72 72.43  13.88 - -
] 129%.0 1.2 .4 - -
5‘ 72.” - “.ﬁ “t“ 3-“
mih! 72! - - 35-“ “-“
W, of fractions excluding Fra. | s 2890.1%
Loss on distillation: 2975.8 - 209.19 = Bi.bLy
*A1s0 coatained 32.421 wndecenvit acid.
WATERIAL DALANCE
DEMD 1
I. INPUT (kg) OUTPUT (Rg)
Bist 1 Bist I}
Be Ricinoleate: 34.0 Neptaldehyde : 0.6 9.13
Bthers : 42 fie sndeconoate: 14.70 14.74
Cle«Cit : .89 2.4
38.2 Pe Ricisol., : 6.84 .9
Others : 0.3 0.5
Loss on
pyrolysis : 3.2 3.2
Loss on
distillation: .24 1.09
B.21 38.19
M 2
IPUT (rg) QAT (kg)
Bist 1| Pist 11
Be Ricincleates 32.08 Heptaldehyde : B8.13 7.13
Others s 3.9 fle wndecencate: 13.94 14.57
— Cie+C18 : 2.85 2.7%
35.03 Be Ricinol. : 6.04 3.98
Others s 0.8 0.7
Loss on
pyrolysis @ 3.16 .1
Loss o»
distillations 1.45 2.2
3.03 3%.0

Dista 2

fra o, Fra, at {g) Beight. ¢
m W 16+18  Pe Ric
2 0.7 . W06 LI - -
3 %.1N Hoer 1.8 - -
4 1.0 18.88 1266.13 - -
3 12,3 - 3.8 %.13 .59
Residue 721.0 - - 25.28 A0
289%.19 741.03 1320.92 282,37 447.15

Others : 78.1%




PUT (ke)

Ne Ricinoleate 3 34.33
Others s 4.2

OUTPUT (Rg)

Neptaldebypde : 7.37 .13
fie wndecenvate 3 17.02 15.9
C18+C16 : 2.1 .
fe Ricisol. : 3.4 3.52
Others : 082 .7
Loss o
pyrelysis 2 3.42 3.2
Loss on
distillation : 1.77 1.00

38.58 n.9

IV. NYDROLYSIS OF ME UNDECEWGATE

Ht. of Me wndecencate

Bt. of undecendic acid
floistore content

#t. of dry wadecencic acid
Acid value

Purity by Acid valee
Purity by 6C

CALLULATION
¥t. of pyrolyzed product (ky)
Wt. of undecenoic acid (ky)

£ME equiv. to pyrolyzed product
Undecenoic acid obtd froe fhg CE :

Yield of 951 undecenvic acid
fros 100y O

Conversion § Yield:

DNE pyrolyzed (kg)

Be ricinoieate in CHE(Rg)
Re ricinol. left wpyrolyzed
Be ricinol. pyrolyzed
CONVERSION

Fe undecencate obtained
froe pyrolysis product
YIELD

DEMD 1 (29/5/9%)

2 3.0 ke
:2.77 1y
: 127
:2.3 kg
: 299.45
: 8.1

: 18,451

3.9
lsiu

38.20 1y
9.3302kg

1 Wby
§ENO1
s 30.20
1 34.0 (108,97 g° aol)
t 6.8 (21.82 g0 o0l)

s 07,53 ge00l
s 90.001

15872 &g (74.24 ¢°0])
83,301

.9
13.40

u'm

0.3308kg

.92 9

e Ricinoleate conteat of OE = M1

DEMO2(4/2/9%)
3.0
.7
1.561
2n
290.37
$.231

1

32.89
13.21

32.89
12.63

36.05
0.3664

36,05
0.3%03

3.0 38.37

3%.05

32,08 (102.82 g*s0l)
$.01 (39.25 genol}
83.56 gesol

81.m

$4.25 {71.% g*s0l)
:8.51

DEND3{8/2/98)
3.0
.n
1311
2.71
26.5
"-”
)}
35.18 35.18
13.89 14.27
38.60 38.60
0.4013 .32
2.4 n.19
n03
8.6

34.35 (110,11 gesol)
3.5 (17.92 gesol)
92.19 gencl

B

16.40 (92.83 gosol)
"8




Conditions of repyrolysis:

XPYROLYS]S OF PISTILIATION RESIDE

*Also contained 13,461 wadecemoic acid.

Teaperature s WL
Feed rate s 1.143 ke/b
Steaa/feed ratio s 1.7
Product \hrovghput : 1.008 Rg/h
Residence tine  1.45 ser.
Total ren tise b
Stable run time 14 h
Tise (b) Pyrolyzed prodect (Rg) Bater collected (kg)
2 1.9 §.0
6 4.06 1.66
¥t. of residee pyrolyzed : b.8b 1y
less first 2» 2{~)2.286 kg
4.3k
M. repyrolyzed product s 4,06 kg
Loss on repyrolysis s 0,51 kg {11.101)
Cosposition:
Residue rep 1o t of 31
Heptaldehyde: 0.0 9.19
Se Undecencate: 1.04 N.68
CiesCins .4 5.2
_ e Ricinoleate: .2 .8
Bthers: 0.38 1.9
Distillation of resyrolyzed product:
Wt. of pyrelyzed product distilled : 3000.0 g
Fra Mo, Fra. ot {8) Cospesition, Iut (6C) Fra o, Frn. ut (g) Peight, ¢
] M 1418 e Ric WA W 1640 Me Ric
| 16.8 Riscarded
2 323.0 86.70 9 - - 2 325.0 ».n n2n - -
3 6.9 ny .8 - - 3 639 $.82 1. - -
‘ mvo 2-‘9 ”1‘2 - - ‘ m.’ l’-" “’.“ e =
’ ”o. - “02. 1-11 l‘o“ 5 ”l‘ he “o’l 5.“ 'o"
Residue 1600.0 - - .8 21.70 Residue 1600.0 - - 120,39 M3
Wt. of fractions axcluding Fra. § s 2873.% 2875, 343,04 T770.47 1123.83 473.30
Loss o distillation: 3000.0 - 2675.3 = 124.5 fthers 1 160.44¢




Results of 9 distillations show an average of 26.471 of residee in pyrolysis product.

Ut. of residue repyrolyzed : 4.57 kg

Mssusing 91 loss during first pyrolysis, 4.57 kg of residue £ 17.14 ky of pyrolysis product ¥ 10.83 tg O

¥t. of wndecencate ebtained frea 3.0ty of repyrelysis prodect = 0.771 kg = 1.04 kq fros 10.83 kg ONE

Assusing a conversion figure of 0.9 (theoretical, 0.93), wt. of eadecenvic acid sbtainable : 0.93bkg

Thes, 100g of CNE say yield on repyrolysis of residue, an additional 4.97g of wndecenoic acid (5.239 wndecesoic acid
of 951 purity).

CONCLUSTONS

A yield of 87.34g of endecenoic acid of 951 purity is realisable fros 2009 of castor oil agaisst the comtractual
obliqation of 70-72¢/200y.

THUS, THE CONTRACTUAL OBLIGATIONS ARE FULLY MET.




IICT will train two scientists from DRIPE at IICT 1in

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

less

than 70-72 grams in convarsion of castor o1l 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

Step

Step

Step

Step

2%, in the following manner:

1 - Methanolysis - 37 kg castor oil per batch to obtain
methy] esters.

2 - Pyrolysis of castor methyl esters - 1.0 kg/hour
continuous process to obtain pyrolysed products, 36
hours continuous operation.

3 - pistillation of pyrolysed products - 1 kg/batch to

obtain methyl undecenocate inciuding free undecenoic

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

4 - Hydrolysis of methyl undecencate - 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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1. INTRODUCTION

Castor o0il is unique in that it contains a high percentage
of ricinoleic acid (12-hydroxy-cis, 9-octadecenoic acid). When
heated to high temperatures (500-600°C) ricinoleic acid is
pyrolysed into 10-undecenoic acid and heptaldehyde. Undecenoic
acid is-the precursor :in the manufacture of Nylon 11 (Rilsan) via
bromination, amination and polymerization. Rilsan 1is an
engineering 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. Undecenoic
acid can also be used in the manufacture of perfumery chemicals,
such as 1-undecalactone, isojasmone and macrocyclic lactones and
ketones. PEG monoesters of undecgnoic acid and undecyl sulfate
exhibit excellent surfactant properties. Undecenoic acid also
finds use in the production of bactericides, fungicides and

insect sprays.

Heptaldehyde is the starting material for valuable perfumery
chemicals such as a-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 is also used in cosmetics.




2. CHEMISTRY OF THE PROCESS

Pyrolysis of ricinoleic acid is believed to take place

according to the following scheme:

CH, (CH. ) sCR-CH,-CH=CH-(CH2) ,COOH

OR
Dehydration Decomposition
-H20
CH3(CH2) (CH=CH-CH,-CH=CH-{CH.) ,COOH CH, (CH2) sCHO
+ +
CH3(CH, ) sCH=CR-CHB=CH(CH.) ,COOH. CH2=CH(CH.) 4COOH

According to this scheme, a tautomeric form of ricinoleic
acid can undergo two reactions simultaneously. 1) 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.




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,

¢) Distillation of the pyrolyzed products, to recover
methyl undecencate 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 (R101) equipped with a turbine type
stirrer, glass condenser (E101) 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 40°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. 40°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 coat.d

microslides using the solvent system hexane-ether (70:30, wv/v).




4

Sulfuric acid (215 ml) dissolved in one litre water is added to
neutralize the sodium hydroxide and the steam heating is put on.
The temperature 1is raised to 75 to 80°C and the pressure is
reduced slowly to ca. 180 mm 4g to distil off the excess
methanol. Tap water (10 kg) containing 15 ml sulfuric acid is
then added under stirring. The stirring is continued for 5 mnin.
at 80°C and the contents are then allowed to separate for 30 min.
The acidic aqueous glycerol layer is drawn off and stored in a 50
1 carbuoy. Hot water (10 kg) is added to the reaction product
and mixed at 80°C for 5 min. The layers are allowed to separate
(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 1 carbuoy and weighed. The
composition of the 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




for cleaning and removal of material, if any, after pyrolysis.

Inside the reactor, a concentric inner tube (SS 316, dia 28 mm
(i.d.), length 245 mm open at the bottom and about 100 mm from
reactor bottom and 55 mm from the 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 (SS 316, 20 mm dia, 1i.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, Céramic brick lined furnace (side: ca 178 mm height: ca 610
mm), each side of which is provided with resistance winding. Two
adjécent 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 (S8T201).

The pyrolyser (R201) and steam superheater (H201) furnaces
are heated to ca 700 and 550°C, respectively. Cold water
(5-10°C) is circulated through the condenser (E201) and through
the coil in the receiver (ST202). Saturated steam from the
boiler is fed to the steam superheater (H201) from where it
passes through the reactor (R201), to the condenser where it is
condensed and collected in the receiver (ST202) along with the

pyrolysis products. The flow of saturated steam is adjusted to
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get the required CME: steam ratio (ca 1:1.6-1.7, w/w). The CME
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
dimmerstats. At this temperature pyrolysis of CME takes place.
The vapour mixture is condensed in the condenser and cocllected in
the receiving tank (ST202). The uncondensed gases, are led
through an ice-cooled trap 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),

presently 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~ndenser which in
turn is connected to a Perkin triangle arrangement to collect the
different distillate fractions without breaking the vacuum in the
system. Cold water is circulated through the condenser. The

flask is heated using 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 Temperature (°C) Pressure
Still vapour (mm Hg)

1 30-60 26-40 30-40

2 60-100 40-60 15-20

3 100-120 60-80 7-10

4 120-190 80-140 7-10

5 190-205 140-165 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 1 polypropylene
reactor (R401) equipped with an Inconel coil and a Teflon-covered
stirrer. Three kilograms of the undecencate from pooled fractions

of the distillation step is charged into the reactor and heated
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to 50°* by passing steam through the coi1l, under stirring. A
solution of NaOH (1070 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 70° until the
mixture is homogeneous (1 hour). Concentrated HCl1 (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 organic layer washed with water to neutrality, weighed
and stored in ST401, presently a 20 1 carbuoy. The organic layer

is dried and analyzed for purity.

4.0 RAW MATERIALS AND PRODUCT SPECIFICATIONS

4.1 RAW MATERIALS

4.1.1 castor oil

Grade : IS first special (BSS grade)
Appearance : Pale yellow liquid

Density (25°C) : 0,9562

Viscosity : 6.51 poises

Acid value : 2 max.

Saponification value : 177-18
Iodine value : 82-90
ricinoleic acid

content : 85% min.




4.] .2

4.1.4

4.1.5

Methanol

Appearance

Density (25°C)

Refractive index
(20°C)

Distillation

range

Moisture (% wt)

: Clear colourless liquid with

characteristic odour

0.791

1.328

95% distills between 64.5 and

65.5°C

0.10

Sodium hydroxide (pellets)

Reagent grade, 96%.

Sulfuric acid (98%)

Sp. gr. 1.835

Hydrochloric acid (35-38%)

Sp. gr. 1.18




‘.2.1

4.2.2

5.1

PRODUCTS

Heptaldehyde

Appearance

Purity

Density (20°C)

Refractive Index

Distillation range

Undecenoic acid

Appearance

Purity

Density (20°C)

Refractive index (20°C):

Distillation range

ANALYTICAL METHODS

RAW MATERIALS

(20°C):

: Clear, pale yellow liquid with

chararteristic odour.
90% Min.
0.818
1.412 - 1.413

95% distills between 55-57° at

15 mn Hg pressure

: Clear, pale yellow liquid with

characteristic odour.
95% Min.
0.87 - 0.91

1.449 - 1.451

95% hoils between 136-12f°C at 2 mm

Hg pressure




5.1.1

5.1.1.1

11
Castor oil

Acid 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 be 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.
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Calculation:

Vol. of alkali x normality x 56.1

Acid value =

wt. of sample

5.1.1.2 Fatty Acid Composition: Fatty acid composition of the

oil was determined using an internal standard according
to the Official Method 963.22 of the AOAC-ATUPAC (See

below).

5.1.2 Methanol

5.1.2.1 Moisture content

Moisture content in methanol is determined by the Karl
Fischer (KF) method as described in 1IS: 2362-1973,

6.2.2.

Apparatus: Karl Fischer automatic titrator model
VEEGO/MATIC-1 or equivalent.

Reagents : KF reagent, twin pack.
methanol for KF titration.
Disodium tartarate dihydrate (AR)
KF reagent is standardized using crystalline
disodium tartarate dihydrate to obtain the

KF Pactor (IS: 2362-1973, 6.2.1.2).
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Pracedure: Take 25 ml of methanol 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 % of the sample

Titration value x KF Factor

vol 'of Sample 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 chromatography (GC)

using an internal standard (see below).
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Glycerol

Glycerol was estimated in the separated glycerol
layer and water-washings after methanolysis by 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 acid.

Apparatus:

1. Buret, 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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volume 1 litre. TIf the solution is not clear, filter
through sintered 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 NalO4 does not
dissolve, it is not of reagent quality and a new

supply must be obtained.

(b} Test for quality: Pipet 10 ml of the periodate
solution into 250 ml volumetric flask, dilute to mark
and mix thoroughly. To 0.5 to 0.6 g C.P. glvcerine
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 S m] of HCl, 10 =1 of a 15% potassium
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 S5 min and then add 100
m] 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




10.

11.
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accurately standardized with potassium acid phthalate

using phenolphthalein indicator.

Sodiun hydroxide solution, ca 0.05 N.

Sulfuric acid solution, 0.2 N.

phenolphthalein indicator, 1% in 95% alcohol.

i

Bromothymel blue indicator solution, 0.1 in
distilled water prepared as follows: Dissolve 0.1 g
dry indicator in 16 nl of 0.01 KX NaOH by grinding
indicator with the alkali in a mortar. Transfer to a

100 m] volumetric flask, dilute to volume with

distilled water and mix thoroughly.

Ethylene glycol solution, mix 1 volume of ethylene
glycol (b. pt. 195-197°C) and 1 volume of distilled

water.

Sodium thiosulfate solution, 0.1 N, accurately

standardized.

Hydrochloric acid, Sp. gr. 1.19.

Starch indicator solution, 10 g soluble starch in 1

litre of boiling distilled water.

Potassium iodide solution, dissolve 150 g in
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distilled water and make it to 1 litre.

12. Standard buffer solution: Dry 50 g of reagent
potassium acid phthalate at 100°C and cool to room
temperature in a dessiccator. Transfer 10.21 g of the
dry potassium acid phthalate to a 1 litre volumetric
flask. Dissolve in distilled water and mix

thoroughly.

Preparation of sample:

Samples 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 container and the viscosity of the
glycerin retards rapid dispersion. Careful preparation

of sample 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 t}: most accurate results, the
sample tested must contain between 0.32 and 0.50 g of

glycerol. Use the following Table to determine the
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correct sample size.

- - - —— - — — U e — . e T e e . ——  — —— ——

Glycerol (%) in product Sample to be
to be analy:zed weighed (qg)
100 or less 0.40 - 0.53
90 or less 0.45 - 0.55
80 or less 0.50 - 0.60
70 or less 0.55 - ¢.75
60 or less 0.65 - 0.85
50 or less 0.80 - 1.00
40 or less 0.90 - 1.30
30 or less 1.20 - 1.80
20 or less 1.80 - 2.60
10 or less 4.00 - 5.00
5 or less 7.0 - 11.0
2.5 or less 16.0 - 20.0
1.0 or less 40.0
0.5 or less 80.0

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 bromothymol blue indicator to the
sample in the beaker and acidify with 0.2 N HzSO, to
a definite green or greenish yellow colour. Neutra-
lize with 0.05 N NaOH, to indicator end point, a
definite blue free of green colour. When colour of
the solution interferes with the detectiun of the
colour change of the indicator, use the pH meter and

adjust to pH 8.1 ¢ 0.1.

At this point prepare a blank containing 50 ml 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.

Add 50 ml of sodium periodate solution 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.

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

allow to stand 20 min.

pDilute 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 ¢ 0.1 for the sample. When




5.2.1

A)
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approaching the end point add alkali, a drop or part

cf a drop at a time.

7. Calculations:

(S-B) x N x 9.209

Glycerol, % =

W
S = ml of NaOH solution to titrate sample
B = ml of NaOH solution to titrate blank. B must
not be less than i.S ml.
N = Normality of NaOH

W = Weight of sample in grams.

Pyrolysis PRODUCTS

Composition of distilled fractions.

The composition of the distilled fractions was

determined by GC according to the Official Method $63.22
of the AOAC-AIUPAC. methyl myristate was used as an

internal standard, where required.

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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i) Injection port - With minimum dead space in the
injection system and maintained at 20-50° higher

than column temperature.

ii) Column - 1-3 m x 2-4 mn (id) glass packed with 5%
SF-30 on Chromosorb W HP (80,100 mesh). Condition
the freshly packed column while disconnected from
the detector at 300°C with a current of N: at

20-30 ml’min for 2 16 h.

b) Syringe - Maximun volume 10 yl graduated to 0.2 yl.

B) Reagents

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

0./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) Operating conditions:

The instrument will be operated at fellowing

conditions:

Injection port - 250°C

Detector - 300°c

Column - 100°C (1 min) - 270°C (10 min)
at 15°/min.

N - 30-40 m] ‘min.

H - 30-40 ml! 'min.

Air - 300 ml’min.

D) Performance Specification

Analyze an equal mixture of methyl undecencate and
methyl laurate at the above operating conditions. Adjust
sample size, column temp. and carrier gas flow such that
the methyl undecenocate peak is recorded at ca 7-10 min
after solvent peak, ca 3/4 full scale. Measure the base
wigths in mm of Me undecenocate (W,) and Me laurate (W)
between points of intersection with baseline of tangents
drawn to the inflection points of curves. Also measure
retention distances in mm (S) from start to peak maximum
for Me undecenocate and distance in mm between peak maxima
for Me undecencate and Me laurate, Y. Calculate

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




H.

n = 16 (S/w,)?

R = 2¥/(w; + w3)

Select conditions to obtain n in excess of 2000 and R
1.25. CcColumns will show gradual loss in R with use; when
R ¢ 1.25, replace.

Determination

With apparatus showing stable baseline, inject 0.2
to 2 y) of the sanple solution in chloroform. Pierce
septum of inlet port and quickly discharge the sample.
Adjust sample size such that the major peak occupies not

more than 80% of full scale.

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.

Calculation

Because of the large differences in molecular
weights of the products of pyrolysis and because of
presence of secondary groups, correction factors must be

used to convert peak areas into wt%. Determine
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correction factors by analyzing known mixtures of
composition similar to that of sample under identical

operating conditions. For the reference standard,

% by wt of component i = Bi x 100/IBI

where Bi is the wt. of component i in ref. std. and IBj
ijs the total weight of all components in reference std.

Calculate from the chromatogram,

% (area‘area) of component i1 = Gi x 100-/IGi1

where Gi is the area of peak corresponding to component i
and fGi is the sum of areas under all peaks. Calculate

correction factor for =2ach component,

Ki = (Bi’/IGi) x (IGi/Gi)

To calculate each component, multiply its area by

appropriate correction factor and sum the corrected

areas:

% by wt of component i = (Ki x Gi) x 100/ (Ki x Gi)
In cases where all components are not eluted, as in
the present case, use an internal standard S, such as C,,

ester and determine its correction factor.

% by wt of component i = (ws/w) x (Ki/Ks) x (Gi/Gs) x 100
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where ws = mg internal standaréd and w = total mg of
sample and subscript s refers to internal standard

component. Reports results to two decimal places.

EQUTPMENT SPECIFICATIONS

Specifications for major equipments are given below.

The unit numbers correspond to the numbers given in the

flow sheet.

RFACTOR (R101)

Capacity : 100 litres

Type : 6Glass reactor fitted with turbine type

stirrer and glass condenser.

Pyrolysis REACTOR (R201) : 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 (19 mm dia) at the top. The reactor assembly

is housed in an electrically heated, box-type furnace.




6.3 REACTOR (R401)
Capacity 40 litres
Type Stirred tank polypropylene reactor (dia

26

400

mm; length 350 mm) with bottom discharge

valve {glass). Inconel coil

Teflon-covered anchor-type stirrer.

and




Raw Materials:
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Date: X§-) ’94/
Run No.: DEMO -)

METHANOLYSIS OF CASTOR OIL

Moisture Acid value
Castor oil 0'22- y I 8
Methanol 6 : , 7 |
|
Assay Sp. gr.
NaOH qé 7
H,s0, 98 /. I+ 835

7

o

(Representative, DRIPE)

D T o St - oo

(Representative, IICT)
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Date: 25-1-9¢
Run No.: DEMo-)

METHANOLYSIS OF CASTOR OIL

Raw Materials Weight (kg) Volume (litres)
Castor 0Oil é:f?-\
4
Methanol D0
NaGH 0.315
H,S0, - Q- 2345

l7v‘\

\

%

(Representative, DRIPE)

el

(Representative, IICT)
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METHANOLYSIS OF CASTOR OIL

. r 3
Time Temperature 2 . Operation Remarks
23 ey 2,0 o tesn ool ]G 1L Me 6%
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(Reprebéntative, DRIPE) (Representative, TICT)
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Date: 225-1- o4
Run No.: DEMO -

METHANOLYSIS OF CASTOR OIL

Product Recovery:

Weight (kg)
CME 4670 .
Glycerol (in wash water) 3-83
Methanol 3-30

N\

B

(Representative, DRIPE)

\ L@ (e

(Representative, IICT)



Date: 27-1-7Y

Run No.: D¢ Me- |
METHANOLYSIS OF CASTOR OIL
Product Analysis:
Moisture content Acid value

CME (gL 74

Glycerol content

Wash water ]
wt . 53-13 KJ, ”‘?7/.

LB sl

(Repréﬁ%ntative, DRIPE) (Representative, IICT)




Date: 27-1-7¢
Run No.: D€ Mo-)

METHANOLYSIS OF CASTOR OIL

CASTOR METHYL ESTERS (CME):

- > .
Moisture (- %/
Acid value . Y
Fatty acid c ’
Composition, wtd 16 {-i 6
18 513
C,g-OH St
\

e [ —

(Representative, DRIPE) (Repré'sentative, IICT)
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4
Date: .72 /- % &

Run N < 248-7 9 .
Hn No.: DEFo/ .
PYROLYSIS OF CME
Reaction conditions:
Furnace, Superheated | Furnace, Pyrolyzer Féeé{
steam superheater | steam pvrolyzer | reactor i
Temp. (°C) L Ao £F3 JIh |7
Feed, CME (kg/h) /. /&
Feed, Steam (kg/h) /- 3D

(Representative, 11CT)

(Représentati DRIPFR)




Date: R7.1- 94 G 28 1Y
Run No. :(‘)EMO y
PYROLYSIS OF CME

Time Temperature OC. Operation Remarks

({,\ ) :‘\:::;ce ' Steam Feed gzzgzg:, l;eacr.orz

o6 | Wy | 373 76 633 1§13 gy | Feadl Sdond .

20 | sa | 436 | 75 | 279 |59 <3 ‘&wﬁﬂﬁjﬁ)

7.0 | 49 | 49 | 74 652 [$9¢ ez

o | si3 |42 | 72 683 |9V ¢3¢ L

<

1F-0 498 48 71 68 |SR6 <8¢

220 | 4o | 387 | 6€ 68§ |93 S8

27-0 | Sel {2 746 682 |y S 83

3200 | 488 | 4oy | 7) b3 | $13

3¢0 | tuy” | 38) | 68 66 |17 $6¢

A5l b

(Repreﬁz;:ta}t(/i‘:\:: DRIPE) (Representative, IICT)



PYROLYSIS OF CME

Date: 22./- 74 26775
Run No.: pscroO/ .

Time Pyrolyzed Water
“ Product fkg) (kg)
.0 2 ..ol 6
2.0 J ou 2 o
/2 .o T/ 299
/D0 J- 1o 9. 74
213 .0 Joa F 2.8/
27.0 J-3v 7003
32 . J o4 72.F >
3¢-¢ “ 2 £ 24

Total: 32.3 0 /D8

(Representative, DRIPE)

At

’

Arfpr e

(Representative, IICT)
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Date:22.7 9% &£
? 1. P

Run No.:
Demo /.

PYROLYSIS OF CME

Total Run Time (h) 36
Stable Run Time (h) 3 ¢
Steam/Feed ratio /7
Residence time (sec.) /63
Product throughput
| (kg/h) /S o2F

i Adg i

(Representative, DRIPE) (Representative, IICT)
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Date 27 /- 2% £ & /2%
Run No.: »is+s~0/.

PYROLYSIS OF CME

CME Pyrolyzed (kg) 3L 0

Pyrolysis Product (kg) L 93
¢

Loss on pyrolysis (kg) 32/

Moisture content, (%/ o
pyrolyzed product ~

-

(Representative, DRIPE) (Representative, IICT
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Date: 28 . I-"h;
Run No.: d€mo.s DysT.1

DISTILLATION OF PYROLYSIS PRODUCT

Time Fraction Temperature (°C) Pressure Remarks

No. (mm Hg)
Still | Still Vapour
Dimmer position

35— SO /00 2o - 40 35"
5p- %0 loo 4o - 6o 20
8- 90 o 62 - 80 8-9

9Qo-150¢ /0 — 160 8o0- /4o 8 -9

/5D 19, / 80 4o —165) 8 -9

71;/\{% ?E— WLAMMMJ/

(Representative, DRIPE) (Reprecsentative, IICT)
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Date: 25-1. 9%
Run No.:Demo-1.Di1s1.1.

DISTILLATION OF PYROLYSIS PRODUCT

Pyrolysis product (kg) 3.0
Fraction Fraction WKt. Remarks
No.
1
R0 -0
2
CLS%- 4
3
6s - 5
4
/1294 -0
5
13 -0
Resid
sidue £2% -0
Total 28491.19
Loss on Distillation 0%/
T Neledar1r} 2

(Repredéntat'ive DRIPE)

(Representative I1ICT)
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Date: 2 8-1-7¢

Run No.:

peEMo-|

DISTILLATIEN -1
DISTILLATION OF PYROLYSIS PRODUCT

Analysis (GC):

(Representative, DRIPE)

Fraction Weight % Remarks
e HA MU C16 + C18 Me Ric Others
1 Dincaycled
2 939y - - - Gc7
3 gi-C Ju-92 - - 6-5%
4 3.8 [95-3¢ - - 0- 8-
5 >— 68:37| t2 .66 2-279 16-€8
Residue - - 29-$ 68«3 | 2-47
N

JLLS!/L_.

(Representative, IICT)
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Date:
Run No.:

DisTici ATion -1

DISTILLATION OF PYROLYZED PRODUCT

Composition of fractions:

28-1-7%

pemo !

Fraction

Fraction Weight, g
No. Weight
:} HA Mus C16 + C18 Me Ric Others
1
2 66%-9 |622-3 - - - Go-6
3 68-S |Ss-83) 8-l ~ - G Sl
4 1294-0 | 4317|2337 - _ Tk
5 13-0 — §-7 16 6.3 2 e
Residue §28-¢C - - 244-3 $63-% 20-4
Total 28717 [732-8)j250-8| 24S-] | Sb36 [ 788y

(Représentative, DRIPE)

N

T

GQML——

(Representative, IICT)
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14
Date: X.2 -9
Run No.:pemo.1-DiST. 2,

DISTILLATION OF PYROLYSIS PRODUCT

Time Fraction Temperature (°C) Pressure Remarks
No. (mm Hg)
Still | Still Vapour
Dimmer position

&-os’

1% .
12.45pds / PS -HS loo 26 - 40 35
.49

2 H

4 .45 2 S0- go 100 4o -bo | 15—-20
4.4

35

g 3 %0 -90 /20 £2 - 80 g£-7
Spr~
4 4

o § do-1500 120 — /6O - %0 -9

oy
5 4 _

.10 5 Isy-Fo /8o Mo — 1451 £-9

~

]

T

(Representative, DRIPE)

Wl dme 1>

(Representative, IICT)
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Date: 2.2. 14
Run No.:DeMo- 1. 1sT. 2

DISTILLATION OF PYROLYSIS PRODUCT

Pyrolysis product (kg) 3.0
Fraction Fraction Wt.(9q) Remarks
No.
' /3-9
2
735 .4
3
5%.¢
4
123 4.6
5
4¢ 99
Residue
got - 6
Total (4) 2849¢ . 29

Loss on Distillation (77 /ot . #|

AR Wl dor A=

(Repr‘gfenta ive DRIPE) (Representative IICT)




DISTILLATION OF PYROLYSIS PRODUCT

44

Date: 2-2 9%
Run No.: D&Ml
DISTILLATION-Z

Analysis (GC):

(Representative, DRIPE)

Fraction Weight % Remarks
e HA MU C16 + C18 Me Ric Others
1 Dinterded
2 93.2] - - - c-9
3 7546 6-% - - 274
4 - 1 989 — -~ i-3
3 - iy 2T Y-q $4-0
Residue | _ - 247 713-39 I S";'
)

)S\,z Wl

(Representative, IICT)




Date: <2-2-3¢
Run No.: DEMO -1

PISTice ATIeN -
DISTILLATION OF PYROLYZED PRODUCT

Composition of fractions:

Fraction | Fraction Weight, g
No. Weight

y g HA Mus C16 + C18 Me Ric Others
2 735 4 n¥s | - - — S~j
3 £7-8 4$-33 1373 - - 7:9¢
4 123%-6 - 121835 - - 1¢-¢§
5 -2y - {3877 [le-87 215 y-¢8
Recidue | gc -6 - - [956¢ S7L:? Iy-24

Total 285637 1778slizsy3yl QeS| $9¢-857 49-23

b e
&

(Representative,

JSL)IJL/-

(Representative, IICT)
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Date: 28-1-94
Run NO':DENO’I HYDROL‘I

HYDROLYSIS OF ME UNDECENOATE

Me undecennate (kg)

30

NaOH (Xq)

t-07

Conc. HCl (kq)

3-50 LR Gnade
[36- 38> Pwre)

1l

(Repreée&iativ + DRIPE)

Cod i

(Representative, IIZT)



1,7
Date: 2% - -2
Run No.: < aig

HYDROLYSIS OF ME UNDECENOATE

Time Temp. (°C) Operation Remarks
P - . Me_ s ed C B o2 ﬁ.&l‘ RIRe- 29 |
a1 *‘r[ -~ O <. I» k 4 .
o A ;-:{- ‘J La by -
A3 | 4
Z U N o3 TR § Cert ] .S ez

7. e ¥ 6o AHME adAN e

Z Y o {20 A4 A ey S MoA it
Y-z90 o ML Cal™ shienas
W 5> §o Actlad o va
< 60 Ll vg g Stapbect  Fapt 6
,/(L»t(: é\-\?[ »
G- Yo S A enclic. israfe. <« €n e
o9y S a K Lowdo, jo Ao o
oS Steree sl YN (o
- S0 kit .| ac -m(;a
T ohe 47 I_Q'Wcu.‘."" v Ve L ~ @ aveg
n-vs 3 G Up (mrrtae] DA Aok
Cory £ r2 AL g Ciofoe L H
Oous :‘ 1i \/\7( Leroid (l-:f.)/'(» e WO gt

S o A N Wj’ aar-Ca] S A e

J
v :u (a3, M'«\.»'-?/ Cep X X
Cowy Zn .rl,_l Wt (el oa . X o el
A v 3 ) )
vu o Kot JE‘"' ‘(q-t,(&.‘ (7 ' |
“« e A AP DI Y TS s SRS SR (I SR Sl

,/.S' P//)‘f'(’( e 3 \’-J, (/~ Uj.ﬁ "'k(«'_t,(

('lf‘lltlcuy“

/Z( ‘{,//,' \/81/@/1

(Representative, DRIPE) (Representative, IICT)




Date: 29"‘99
Run Mn.: <DE.‘M° y

HYDROLYSIS OF ME UNDECENOATE

Undecenoic acid recovered (kg) 2??

Analysis:

Moisture content, % |29 /'(f
hcoid value 299- 4%
Freezing point (°C) 19.¢~ 210
Purity (by Ge')‘A\’a/{W 78‘20
1 Z
= B

(Representative, DRIPE) (Representative, IICT)




Date: 3—9///9¢
Run No.: D& nvo - 2

METHANOLYSIS OF CASTOR OIL

Raw Materials:

Moisture Acid value
Castor oil 0'22/ /o F
e
Methanol &/ /
Assay Sp. gr.
NaOH 2& %
H,S0, >F /v £3J7
)&-E Voo

71;“(7\

(Representative, DRIPE) (Representative, IICT)
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Date: 29-1-94
Run No.: DEMO 2.

METHANOLYSIS OF CASTOR OIL

Raw Materials Weight (kg) Volume (litres)
Castor 0il Z'li?
L
Methanol ‘?'O
NaOH 0.-3\5
H,S0, . o-235

LN \ Sl (<

(Representative, DRIPE) (Representative, IICT)
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Date:

Run No.: =

METHANOLYSIS OF CASTOR OIL

74

<

PRI SR

N

~
Temperature ¢

Operation

Remarks

RS S - —1— —
R -~ el l'_l,/ tz s rYe o4 "
~ - - add Al N A5 Lot n T
s T pr A bt 2l e 0 as sl
o - . , ;
PR . -denle st
. g (S : v /-
4 ' - 1 { [ /L,’I_:"/. Mocsr e
£ e s RN TSI VR ol wre T )
t - v oA veece Yo PRI -V S e
ir . . e e ey
- . {‘.ﬁ'\ L‘f—‘_l/_\.-, LSRN, fal 1Y __.,[ ,-,: 4 e
aprle - AMekaia , L pe b teadaae
T > 2 Vae., Dolcahoot
D ¥ 3 ve !’? R T S B R E ‘{'_"::"I("J vy
- - :“t oyt r"d [ LA ™ e
. «
: N ‘,/. .,-\-'- "f_.',;‘ _ ,-/_ I. ] I*y’, e /7 AR P 74;‘ ’,‘vlz’,'/
o D, povic pot tcea e AL a Y2 SOV Py
27 T oFee PO 'SR £ VPR
o ST i Potea st AL - FCC o gl
~ iy - RN VTN "'jd*"‘f‘** L Toere S
v < ~t Ol ip iy
. - _ .
t - . U Lt et AT P
‘1{ ,‘7 . e Yo "‘,~/ re - 4_A .- - r‘_(/v/,_',/
“ - i(" e e t‘ oed -t ,'.'_ tl’h:' ‘:.‘,
LEAY . R IR N KR 7}.r. R i e o
AN BT St A ) s R e

]

LAE RN B R e e £

(Represe

atilve, DRIPE)

‘ K

(Represéntative, I1ICT)

ts
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Date: 22/ /5%
Run No.: pHeapo 2.

METHANOLYSIS OF CASTOR OIL

Product Recovery:

Weight (kg)
] 4,.
CME -7
Glycerol (in wash water) 379
Methanol 4'.3 7

G- K gpe

(Representative, DRIPE) (Representative, IICT)




Product Analysis:

53

pate: 31-1-9¢%
Run No.: DEMO-L

METHANOLYSIS OF CASTOR OIL

Moisture content

Acid value

CME L)

-6t

Glycerol content

Wash water

wt. 27.2 K3

H-q2 /e

-

[

(Representative, DRIPE)

o

(Representative, IICT)
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Date: Bl-1-7¢
Run No.: ¢ Mo- 2

METHANOLYSIS OF CASTOR OIL

CASTOR METHYL ESTERS (CME):

L
Moisture |- 6} /

Acid value

Fatty acid c
Composition, wt#d 16 f-16
Ci8 613
- oy L9
C,g0H a1

f \ }Q_/ G&{Nﬁ./

(Repredentative, “DRIPE) (Representative, IICT)
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Date: /- 2.-.V¥ £ 2.2
Run No.: ~Aasrvol

PYROLYSIS OF CME

Reaction conditions:

Furnace, Superheated | Furnace, Pyrolyzer | Feed
steam superheater | steam pyrolyzer | reactor
Temp. (°C) 423 L/ 5 £¥3 | 790 | 70
L)
Feed, CME (kg/h) /-/3
Feed, Steam (kg/h) /.92

(Represéhtative . DRIPE) (Representative, IICT)




7”_____________T:.-----......--.-.-.-.-.---------------“

Date: |¢2.94 22.2 94
Run N°"'DEMo -2,
PYROLYRIS OF CME

+
. Time Temperature Operation Remarks '
4

Furnace, Steam Feed Furnace, ! Reactor ,

Qh) steam reactor ! 1 2 |
00 |463 44y 79 620 L8 S49 Feeol /S}mjup/' . 1

20 | 493 | Y4a2¢ | 7 €82 S9s  §8¢ m *;@"Zfﬁfﬁfa@u r;
Fo | 477 | &4os | 73 | 6s2  S94  S&Y |

PO . —— . ot et i e ¢ o = v . b 63 ot + i i = 1

e H
20 | 456 | 393 | 7 65y 'S98  SRb > g
7o | 48s | 420 | ¢5 | &84 S93 <my De |
220 | 49¢ 421 | 74 68) 195 SBU e !
a7o | sw | 419 | €8 | ¢tz 93 €87 Do [ Tempat 28 hnl
| 320 I3 430 69 68, 98 $89 Do |
3uh3] <23 | 439 | 68 | 681 1994 83 Do

- S i

(Representative, DRIPE) (Repreéentat ive, 17°7)



Date: /- -7% € 2.2
Run No.: A Heswvwo 2

PYROLYSIS OF CME

T L) | rrodust (xg) (Ra)
2.0 2 .0 G 3-92
2.0 $T- 0 2 .57
/2.0 ¢ SrE 7- 43
/20 £ 2o 73
22-~0 S8 S 2
29 0 BN 7 3
32.0 be. P& Z-57€
3 4. 43 2.4 Le. P47

Total: 3¢ .24 £ 4&.-23"

/:{; 7{1/, o g

(Representative, DRIPE) (Representative, IICT)
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Date: /2 ¢ p 3.1 oy
Run No.: »=mnmo 2

PYROLYSIS OF CME

Total Run Time (h) 3 6. &3
Stable Run Time (h) 32 - G2
[ ]
Steam/Feed ratio Y 6>
Residence time (sec.) /-
Product throughput /- 223
(kg/h)
/1 .
/ 2{

(Representa ive, DRIPE) (Representative, IICT)




4

pate 7. 2 7¥ &£ 227
Run No.: DEA?70 R

PYROLYSIS OF CME

CME Pyrolyzed (kg) 36297
Pyrolysis Product (kg) 32 ..F3
Loss on pyrolysis (kg) 3. /é
Moisture content, ( 2c) /oS5

pyrolyzed product

’;{g: / {f - ,ﬁ_&y__vz/,\,_x..

(Representative, DRIPE) (Representative, IICT




Date: 3.2 .'94
Run No.:Perjo 2 P1s7- 1

DISTILLATION OF PYROLYSIS PRODUCT

Time Fraction Temperature (°C) | Pressure Remarks
No. (mm Hg)
Still | still Vapour
Dimmer position
/2 hoon
12 ysgey | 30-60 /oo 30- 4o 3/
ryel ¢
P 8
4.45pe- A bo- %0 loo 40 - by 20
445
3N
5 15pap 3 0-/20 120 b - 80 g-9
£ K5
4 4
lankdsy 4  |2o-l%| /R0 - 160 |%-i4s| 8-9
SI?“N ’ 3
LisaRY  § /90208 /80 ius -1651 8 -9

j }7‘, . \@, | 3)44 ,,,L\./”V{WY

(Represeritative, DRIPE) (Representative, IICT)




6l

Date: ,31 ’9‘f
Run No.:Depmo.2 M157.1 -

DISTILLATION OF PYROLYSIS PRODUCT

Pyrolysis product (kg) 3.0
Fraction Fraction Wt. (¢ Remarks
No.
1
13.0
2
693 -95
3
47 .1
4
/[235.0
5
Jo . 54
Residue |
a1 - 22 |
Total(q) 2. 50 . &l

Loss on Distillation (?) /4-49.-19

TR o

(Repre%ntative DRIPE) (Representative IICT)
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Date: 3-2 -9 Y
Run No.: EMO-L
DISTILLATICN =
DISTILLATION OF PYROLYSIS PRODUCT
Analysis (GC):
Fraction Weight % Remarks
No.
HA MU Ci6 * 18 Me Ric Others
1 DPincaydak
2 ‘i?'LH _ _ - 2-98
3 $$-S 1 €s - - 7.98
4 1Sy |F2] — - 117
> — Syl I8 (- 46y
Residue | - - 3¢-89 6825 | ¢3¢
\

(Represenfative,

g
)

DRIPE

j&w(l,f

(Representative, IICT)




Date:

Run No.:

3-2-79

pe Me -2

DISTILLATION -

DISTILLATION CF PYROLYZED PRODUCT

Composition of fractions:

Fraction | Fraction Weight, g
No. Weight

Y HA Mus C16 + C18 Me Ric Others
1
2 6952-7S | 67464 — — - 19-27
3 ¢! Go-22{3-¢? - - 3-76
4 lz35 -0 i9-02 |t2ci-53 - — ly. S
5 7c-§9 _ 51 43 12-78 i-06 3.3
Residue | 7297-22 - - 2949 Sy4-258 233
Total 32_331-“ 73395 |12s533) 257-2¢ | S4S 34| Yi-¥S

(Represerf€ative, DRIPE)

b

w¢»ﬂ—~

(Representative, IICT)




€4

Date: ¥.2.- 74
Run No.: Jerfo 2 DiST-R .

DISTILLATION OF PYROLYSIS PRODUCT

Time

Fraction
No.

Temperature (°C)

Still

Still
Dimmer position

Vapour

—
Pressure Remarks 1

(mm Hg)

loo

30 - #0

Qg—bo

60 - 80|

[[o] o)

40 - 62

/€

8o -120

/20

62 - %0

2-9

20 - MO

120 - 166

80 - /45

190-205

/80

| 145 165

g-9

P

(Representative,

RIPE)

w /,,(,/FVW

(Reéresentat ive, TICT)
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Date: 7.2.94
Run No.:Pemo 2.Dis72 .

DISTILLATIOR OF PYROLYSIS PRODUCT

Pyrolysis product (kg) 3.0
Fraction Fraction Wt. L?) Remarks
No.
1
[ -9
2
59% -1
3
/109 -0
4
200 -4
5
113 - %
Residue
749 - 0
Total(_?) 23%2- |
Loss on Distillation (_7) 2139
N

L Jotre I

(RepreSentative DRIPE) (Representative 11CT)

e SR
p




Ge

pate: 7-2-9 &%
Run No.: PeMoO-2L

DPISTILL ATION ~ 2
DISTILLATION OF PYROLYSIS PRODUCT

Analysis (GC):

Fraction Weight % Remarks

No- HA MU Clﬁ t C]B Me Ric Others

1 Dincey ded
2 G| 27 — — 2-0q

3 6500 |31-83 — — 3-¢)

4 Cor | 1849 )i — ¢ ik

3 - 722331 22-32 | B¢ | )T

Residue _ — 272.87% 2S¢ 0-€$ ;

%70 /\'EV/ 4]1\,\\4‘1,/

(Representative, DRIPE) (Representative, IICT)



Date: 7-2-7¢
Run No.: D(CM¢c-2
DISTrCeEATION -2

DISTILLATION OF PYROLYZED PRODUCT

Composition of fractions:

Fraction | Fraction Weight, g
No. Weight

a, HA Mus C16 + C18 Me Ric Others
1

]

2 S37-1 |STE-yy| ibis - _ 1243
3 fey-o0 7¢- 74 13469 — - 3-35
4 j206 - Z-4yo uge-o) 12- 8¢ - l-%3
5 i13-7 - lga-24| 25-38 1-9/ 217
Residuve | 7¢49.¢ - - 2¢g-ys | 33569 Y9
Total 272692 |6y)-slizsagl cyr-63 | $33-55 | 29-%

D ;
Ui b o

(Representative, DRIPE) (Representative, IICT)
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Date: 4‘2'91'
Run No.: DpEMo -2

HYDROLYSIS OF ME UNDECENOATE

Me undecenoate ({(kg) 3-0

NaOH (Kg) 1-07

Conc. HC1 (kg) . 350 LR Gaade
(3¢-38 7 Pwu)

/T ’ N 6 (()
s 5/ \ ko 2L
(Represéntative, DRIPE) (Representative, IICT)




Date: H-2A-A4Y
Run No.: _)E\"\c _3

HYDROLYSTS OF ME UNDECENOATE

Time Temp. (°C) Operation Remarks |T
, T Ne Lnd - Chan ]
|12 o1 S Womdin btd'k'td":g‘_::n—-k Moo hebliy
ERY Seo N;:k; L.“ .;.g{\:i';: DU
.49 ¢ Qﬂ-'(_k Q%.fa\“"’d—-;“ i
e Te HeS s&lan -
&'\‘:—b Lo A—&A‘f\ ENe . l
9, . M AGTped | an~il
245 € Farr i e
3.5 So Ao qa\-f-\, Asrlewad
. - "° Sw*‘k © vy,
525 > kepr Jet MH{.EEA
L}'C { 5 c ‘L. oAb W s
— gk ChEY i |adda b A
M ote Se Wu-ihm WL Ao kad
5 Bc T o b G Absnsnal .
e - S ke bt S A hdat
55 =° thm Procons | Anpe S d -
L oco Cec T wmate Walsi [Asecsad
- So Ska  hir wnla 4SS A T
qscm 2 XTI "R, DUy~ VU Qi XN -
(S-2-9%) Wride eennnmc. aeld ,@M
an—b acid Msal—k .
/4\/’ ) /-" " /((-a/[b
/7 v~ L ——
(Representativeé, DRIPE) (Representative, I1CT)




T¢C
Date: 4‘2'34
Run No.: DEMO- 2

HYDROLYSIS OF ME UNDECENOATE

Undecenoic acid recovered (kg) 2-76
Analysis: e
Moisture content, % 1-956
Acoid value ag0 - 37
Freezing point (°C) 199 - 21-§
Purity (by O“b\é Volur) 245.23

*/.

fg’ ; {'7’ \ 1@ (4

(Representative, DRIPE) (Representative, IICT)




Raw Materials:

79

METHANOLYSIS OF CASTOR OIL

Date:
Run No.: Denmo 3

J_2— P4

Moisture Acid value
Castor oil o223 °f /- F
Methanol c;”/ A
Assay Sp. gr.
NaOH fbé' ;{
4,50, >e X Ty

\
ﬂ\\?

(Represéntative,

IPE)

;>T£~3“MJ"W
- o —

(Representative, IICT)

P

—
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Date: 3-2-9¢4
Run No.: DEMU _.3

METHANOLYSIS OF CASTOR OTL

Raw Materials Weight (kg) Volume (litres)
Castor Oil 5{6’ |

Methanol 7 (8]

waon M““(]“é'-bﬁ ) “
1,50, g O 235"

SN '

(Representat'ive, DRTPE) (Representative, TICT)




e T
Date: : L
Run No.: % 'O

METHANOLYSIS OF CASTOR OIL

Time Temperature Operation Remarks

< - T
i ’, . - - ot e S e
SO A S 4 SN I S = [
L e fov & e ’I.l.; el \-.!
y‘_t'-: . l T:I. '/.‘Z -
- 4 . /
: [ . .
] R L 7 Lovee s
- [ . 4
_.‘A/ S N < - ot ; RN
d - i "' / / et , //
{ S s l‘_, 2 ooy =y '
, M -
— . o5 N s oa A PN
o~
: / ot . Do oanal
- 5 ' P It o / ey,
) s [ BV | ; N B
= > E

!7\‘.,

, > .
/l\"z? l/‘:kb”/?‘.

o

(Representatlive, DRIPE) (Representative, ITCT)




7¢
Date: 3*2—‘ ({.(‘(‘
Run No.: D EmMap-1 .

METHANOLYSTS OF CASTOR OTT.

Product Recovery:

Weight (kg)

CME Lé- >0

Glycerol (in wash water) 3 %€
Methanol 4 S

l/,l\ Z’ \/',( b/(',O_

(Represéntative, DRIPE) (Representative, IICT)
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Date: S5-2-7¢
Run No.: B3EMO -3

METHANOLYSIS OF CASTOR OIL

Product Analysis:

Moisture content Acid value

CME ,.qg’/c

Glycerol content

Wash water

we. 33.06 KD Il-‘féz

J E (j’g& L

(Represéntative, DRIPE) (Representative, IICT)
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Date: S5-2-7%
Run No.: DEMO-3

METHANGLYSIS OF CASTOR OIL

CAROTOR METHY L BOTERS (ML) e

Moisture 14 6 7;

Acid value

Fatty acid c ) i
Compositicn, wti 16 116G '
|
18 13
_ 3y, )
c g-OH R RN L

'j;/\.qu @ _ d7 ) L —

(Representative, DRIPE) (Representative, IICT)
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Date: 7~ .7 ¢ & £ 2%
Run No.: DHDesnvro3

PYROLYSIS OF CME

Reaction conditions:

Furnace, Superheated | Furnace, Pyrolyzer | Feed
steam superheater | steam pyrolyzer | reactor
Temp. (°C) so/ &/F EFP7 oy 72
L] ;
Feed, CME (kg/h) VAV ide
Feed, Steam (kg/h) /-y

SN
S
(Representative, DRIPE) (Representative, IICT)

A 7{{/ g




m

Date: ?294 P £72 94,
Run No.: (l)f/\’/() .3

PYROLYSIS OF CME

Time Temperature °oC. Operation Remarks

Qh) izzgice. Steamn Feed S:;Zi\gi, } l;eactorz

0o | 423 | 382 | 79 | éis k6 ga¢ | Tk At B
20 508 432 | 78 683 1663 §9u Ma‘fx o««ocrﬁg/ﬁg\)

7.0 | 476 | aer | 72 | 686 1998 s o

.o | 49% | i | 66 €90 ik sy, oo | L
13-0 | §31 hyo | 73 €87 (98 <90 Ao i
220 499 bio 70 {86 96 §99 oly [
27-0 | Lot |43 73 €EF 9 %93 A

3220 | 48¢ hoS | 74 686 99  $9¢ o

Seo0 | S13 1434 | 72 €9) 62, o cAw

= ;

(Reﬁresentat ive, DRIPE) (Representative, 1 I"'I‘)




Date: 7. 2 9% £ £ 2~7¢
Run No.: D &mo 3

PYROLYSIS OF CME

Time Pyrolyzed Water
¢ <) Product (kg) (kq)
2.0 /L2 3.7/

2.0 S~ od 9-257
/2.0 S o0é G-00

/2.0 < 26 -2
2>.0 5 &3 234
27.u S/ £:2&
320 § 20 724
3&- o &3/ 768
Total: 37.3 7 8- F

S
)

(Repredentative,

RIPE) (Repredentative, IICT)




Se

Date: 72 YL L. 2 o4
Run No.: »HFmmoO 3

I'YROLYS 1S OF CHE

|

Total Run Time (h) 3£ '

Stable Run Time (h) 36
— é
Steam/Fecd rario /e & |
B e e — 1{
Residence time (sec.) /53 !
i
Product thronqhput s :
(kqg/h) /0029 |
i

J

(kepfes‘env.:ri'/u, DRIPE) (Repoésentative, TI°T)




Date Z.2. 9% o .5 .96

PYRGLYS 1S OF CME

CHE Pyrolyrzed (kq) B F. £ o0 I[
Pyrolysic Praduct (kg) 3¢ /e [
(kg) ]

Loss on pyrolysis (kg ; !
IR 3 ¢ 2 |

Moisture content, ( 2ZJ
pPyrolyzed product & F &

e ———d

{Representative, DRIPE) (Representative, TICT




DISTILLATION OF PYROLYSIS PRODUCT

Date: § 2 - M
Run No.:3cHo 3 p157-/

Time Fraction Temperature (°C)

Still | Still Vapour
Dimmer position

Pressure Remarks
No.

(mm Hg)

o
If.3c / 1 55-50 /0o 30 - 40

S0

g,

50-35 /oo 4o - 62

/9

2.
v

305 ¥5-120 /Zo 62 - $o

7-9

3.05
4

AT

7. 45 VZo.- 170 /20 - /(DO 8().-/1-}0

71

7-45
5

g. 39#,.

Uy

190-204 1o — 190 | Iup - 60

T

L

-v-‘

(Reoresentatx\z DRIDE)

rd
o
“"w/ #~

(Representative, IICT)

I




Date: $.2. %
Run No.:2gpseo 3 D157-1

DISTILLATION OF PYROLYSIS PRODUCT

Pyrolysis product (kg) 3.0
Fraction Fraction Wt. Remarks
No.
8
1 —
/. 85
2
581 ‘40
3
66 . 69
4
[33F -0
5 -
7 4
Residue
762 -3
Total{p> 283¢0. 64
Loss on Distillation (7"\ L% .6

(Representative DRIPE)

R

(Representative TICT)
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Date: 22 ey

Run No.: H{ ™o 3

YIS Gl ATroN -
DISTILLATION OF PYROLYSIS PRODUCT

Analysis (GC}):

Fraction Weight % Remarks
No.

A ! c j

HA MU C16 + Cig Me Ric Others
1 D"-\Lz'-{i;.‘.
2 12 in) 172 - -
3 PASRel DN 14 - : Y S
4 2041 166y - £-S
5 - N S QIR ¢ vithe
Residue _ . 7% Gz >s 10

i jr Vs vl
- Pixi-

-

’ !
(Reprecsentative, DRIPE) (Representative, IICT)




pate: ¥

Run No.:

AR I A 4

DISTILLATION OF PYROLYZED PRODUCT

Composition of fractions:

2 Y
T ST N
AN -

Fraction ; Fraction Weight, g
No. Weight
B v o C 1
) HA Mus Ci16 ¥ 8 Me Ric Others
1
2 Sl 156 SeGu-§S — .
3 O RPN T - -
4 O G YN S Y/ R FARL _ -
> 7y (7-/§! G-t o
Residue | (., 3 _ e a2 s “2isn
|
I T
Total ! IRV S & s-‘.;’{ﬂru’i RETHARRY SRR D) >4y |
|
14
7o
: s P
/ iy T

(Representative., DRIPE)

(Repreéentat ive, IIZT)




bt /F- 2.5
Y NoiiJeMo B PisT. 2

Temwrature (°C) . Frersure ; Rernzrus

s VEDLID

T

i

- le 2 '
oy oo uiIn '

l

/00 !50 - 40

lio_ 40 -6 20

— —— e ——— ——e

' 3.10 " > ___.”i-_l.lgfr_/!_o___:'__’_%_O_ié_‘l -50: G- s

- ——

: ' | |
201901 120 — Ko i%0 Mol -9

i ! '

5 l | i i
920ph. 5 Ug0-200 60 — 180 lo-I30l §-9 !




Date: /7 2 94
Run N°-=_p“-103.2’!57-2

DISTILLATION OF PYROLYSIS PRODUCT

Pyrolysis product (kg) 3.0
Fraction Fraction Wt.($> Remarks
NO.
&
1
19.1c
2
Fuc.9%
3 —
5¢ -7
4
1299 .0
5
7r- 5
Residue
| 72l -0
Total(g) 2909 . 29
!
Loss on Distillation (3} 90- 71
i N A
. W o A ™ ?//"

(Represent

T

- -

ve DRIPE)

(Representative TICT)




Date: (27 7%
Run No.: ~¢ MG 3
Dig Ly ATieN -

DISTILLATION OF PYROLYSIS PRODUCT

Analysis (GC):

Fraction Weight % Remarks
e HA M C16 + C18 Me Ric Others
1 Diaces ik
2 IZES A B - - G-ey
3 b2 18-85 - . /3.7
4 1Su /7.4 - . /€1
5 - st S0y 3-3¢ G q-ib
Residue ' - - 35 54 (G G -

Yo,

_" F S 10 l

ﬂ~ | }y)h
(Representative, IICT)

(Representative, DRIPE)




IVt o2
Run No.:

DVC L

{7 -2

74
P e
VIOCN - Lo

5

DISTILLATION ey TROLY D e A
Composition of fractions:

T T T
Fractiz:n i Fracrion i weight, g |
N P Wi T T T
| } :hﬂ us C16 F 18 le Ric 3 Cthers ;
! ! T
1 | ! i
| | |
f i ! T
2 Vg6 i) 56“ CEl oy . — ! ;
T [ T r

: N :\dc‘ 755 _ '
l [ T
4 1123 13-65 [126647 _ - : :
j T
5 2 BN LT Erey PR Ay ; !
! i : !
Rezid .2 E Jry-C _ <ok 2~ G6G-S : :
. R ] T
Total !.{)IC' iy !7;1/,9“3,,;”_’ 2352 y) RN ; )39 |
} l # ;

1 - )
". . - ,‘_)L)‘l L.- -

(Reprosentativd, PRITE)

(Representative, T1°T)
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HYDROLYSIS OF ME UNDECENOATE

Me undecenocate (kg) &0
NaOH (Kg) |07
T .0 ,\"5 -
Conc. HC1 (kg) X S 20 L nds
g 25 2= Ywee )

b \ (o (~

(Representative, DRIPE) (Representative, TICT)




HYDROLYSIS OF ME

UNDECENOATE

Lo
-

(Representative, DRIPE)

\J{.‘((O. /f

(Representative,

11CT)

Time Temp. (°C) Operation Remarks
— g 5 7
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Date: 8-2-94
Run No.: TrMe - =

HYDROLYSIS OF ME UNDECENOATE

Undecennic acid recovered (kg) 277
Analysis:

Moisture content, % -2
Acoid value XRG4 - 50
Freezing point (°C) -
Purity (by %Adé Vol ) 9725

(Representative, DRIPE)

e ke

(Repregentative, IICT)




Dite: 76229
Run Rel: DeENO &

KREPLPY R ysSS
PYROLYSIS OF-EME

Reaction conditicns:
! . . - ] ) | 3
jfaraace, | Super heated | Furnace, | Pyrclyzer | Feed,
's:eam superheater | stean pyroly:er . reactor ;
i r ! l :
L4 - - > - .
|Temp. (v0) | wge | 327 £ ‘ Sg9¢ | 76
! i | & ] :
Lt Lo - R, i< . I
Feed, €ME (kg/h) /- /%3

Feed, Srenwm (R h) /- D&

) | s .ﬁ(jﬁﬁbL/JA

(Representative, 6D (Reprozentative, 1170,
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Date 15 2.9
KEPYRANSIG Run No.: ThE™p §
Time ! Temperature OCL Operation Remarks
: (?\) !ZEZZ;CP; i Steam Teed ! i;:zzgi, ?liea:tcr2
o [ 44S 1384 | 77 1 €20 (57 £4C | Tas Aotk ‘
Ko | 494 g (o2 7¢ ,‘ 6837 597  $88 L\C;a‘:f!f/wxxf?z N J&%m( .
30 Lo o Gqu3 | 94 | 686 €96 gsg | -
Lo 1490 Ge3 | g¢ i £eg 1897 g | - B
50 4. 399 | 78 686 1594 S8 | - ‘
} ' _— N
-0 48S 1238 48 S g | omdtvoals dlachope o o
36 338 | 78 687 17 S A?MFQM_M&@&«J
f

—_t -

S

i

(Representative, DRIPE)

(Reprezentative,

‘ /if'-ﬁmt/’mﬂca,

117
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Date: /€. 2-7¢

Run XNo.:

REELPYReLNySris

+ N

I

Tueal Run Time (h)

Stable Run Time (h)

|Steam/Feed ratio

Recidence time {30m)

[V S ————— S Y

(Repdesent stive, .0,




Dat e /S‘ 2 ?“
Run KNo.: A& Ao

/Qc Ay Recysrs

CHME

<ie Pyrolyied (kg)

Pyeoly.ii~ Pradaer (k)

<. 04

Loss on pyrolvsis (kg)

C.<&/

T T T e e e e e .

Mcisture contenc,
pyrolyzed praduet

j,,
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Date: /L 'S "/‘—’
Run No.: a0

AE-
DISTILLATION OF, PYRDLYSIS PRODUCT
N
Time Fraction Temperature (°C ! Pressure Remarks
No. 7 (me Hg)
Still | Still Vapour
i Dimmer positicon |
1/3 R
nt - . —~

12 AT , ‘-;)D (,, ¢ IUI L/i: - S‘C ;sb - 3 1

PN |
2 A
2y £ be - | /ev | st ¢ (s i

. I i 1 1 T T

A ! .
3 "‘f t ' ! ]

"'h 3 ‘ > : < .3

b} rv' '&»/}(l /AL fa- 521 !
a3 L :

gAY )
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iy ! ; | i

5 &

-]-’)-Q‘}).w 5 I/b’?/S}JL I.’C' g2 ~ /LJ.' g - 1

/ 1

an ~
R Wt d e

(Re:re?’én:a:i':e', CRIPE) (Regresecntative, II12T)
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Dare:
Run . T oS

F e
DISTILLATION OF PYROLYSTS PRODUCT
Analysis (GCT):
— ——
Fracticon | Weeihtol p semaaris
to. ! r !

y : (RN
tis Mil b e Ric ' Others

[ K
To 14

SN R AU AN NS D S

M
¥
!
t
4 e (.’ ;
i
- 1
} T . T -
Restdue ' l / ! '
i '
| , i
P
. ‘
- : ' 1
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(Reprecentative, LRIPE) (Reprecent ative, I12707)




Run HN3.: "¢ v
i¢
DISTILLATION OF; PYROLYIZED PRODUCT
S
Composition ot tractions:
Fraction { Fraction Weight, g :
No. Weight T T i
Mis + Me Ric | Others
J HA C16 C18 le Ric ’ Qtners :
f /
i | |
; l
! ]
R i
..'1 ! N I N 1 — - ! }
| ! i ;-
| 4 !
. , :
3 : ! ive it ‘ !
| |
l ! F
4 , : |
S oty S ! !
| J
5 7. ! - | L) l '
. RN ! PR P | ! ’ 1
; i ’ T | i !
| T T T ! !
Resig e Vo, | . ' i ;
[ ' h . A i :
! ! ' | ]
] T l -
Total | b
. 3y ‘ ' ’ ' y ! Lo l TSR RS i
‘ | |
T M
! )
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o
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PART B (TRAINING PROGRAMME !

After conclusion of the demonstratien runs, the Chinese
Scientists, Mr. Li Huar and Mr. L1 Hual Lrang themselves
conducted the varionus steps of the process with the following

nodifications:

3) The second step of the process, viz., pyrolysis of CME  was

run for o total! tine of 6 h 1nstead of 36 h, and

b) The last step of the process, viz., hydrolysis of methyl

undecenocate, being a simple one, was omitted.

The above modifications were made at *the request of the Chinese

scilentists. Consequently, the following programme was gone

throngh:

a) Methylation of castor oil; 45 kg/batch; one run

b) Pyrolysis of CMF; three runs of 6 h each

¢) Distillation of pyrolysis products, three runs.

The results, summarized below, corrohorates the earlier results

ohbtained in the demonstration runs.




PARY II. TRAINING PROGRAMNE
RESULTS OF EXPERINENTS CARRIED OUT BY DRIPE SCIENTISTS

I. METHANDLYSIS DF CASTOR DIL

Nt. ot castor oil (kg) HEH
it. of sethanol (iq) : 9

Nt. of sethyl esters (CME) : 4b.1

Boisture content of CNE : 1LY
Wt. of dry O : 45.41
¥t. of wash water : 89,05
Glycerol content of wash water : 7.9
Glycerol recovered HER R )|
I1. PYROLYSIS OF CME
Conditions: I 1 11
Teaperature (*C) 395 398 394
Feed rate {kg/h) 1.157 1.145 1.152
Steas/feed ratio 1.578 1.7 1.69
Residence tise (sec.) 1.54 1.4 1.85
Total run tise {h) & 5.9 [
Stable run tise (h) 4 4 4
Tise (b} Pyrolyzed product (kg) Water collected (kg)
| 1 113 | 11 i
2 2,09 1.5 (1.5h) 1.93 3.67 3.24 (1.5h) 3.90
b 4,20 4,07 4,10 1.38 1.47 1.89
6.29 3.57 6.03 11.05 10.71 11.79
Total CKE pyrolyzed®: 5.90 8,2 6.81
Jess first 2 h .28 1.69 2.2
4,82 4,52 4.54
Total pyrolyzed product (kg): 4.20 4.07 4,10
Roisture content (1): 6.79 0.73 0.74
Pyrolyzed product, dry wt. (kq): 4.17 §.04 4.07
loss on pyrolysis: 0.45 0.48 0.47
Throughput of product (kg/h}: £.04 £.01 1.02

*All values expressed on soisture-free basis,




JI1. DISTILLATION OF PYROLYIED PRODUCT

Fra. wt (g) Beight, g

HA m 16418 Me Ric

794.8 732.57 3b.40 - -

1362.5 39.51 1306.91 - -
33.0 - 31.5% 18.28 0.78
679.2 - - 306,25 369.14

2889.50  772.08 1374.87 320.53  389.92
Others : 33.23g

Frn. wt {g) Neight, g

HA W 16418 e Ric

816.38 173.26  2b.B6 - -
38.58 292 9.4 - -

1373.69 19.51 1340.86
8.7 - 36.83 19.42 0.08
590.7 - - 293.40 13.70

Exf1. 1

Wt. of pyrolyzed product Zistilled : 2976.3g

Frn No. Frn. wt (g} Cosposition, Iut (6() Frn No.
HA B 18418 Be Ric
1 22.0 Discarded
2 794.8 92.17 3% - - 2
3 1362.3 2.9 95,92 - - 3
4o 33.0 - 2633 26.93 1.47 4
Residue 879.2 - - .09 W3 Residue
Wt. of fractions oxcluding Frn. | s 2889.%
Loss on distillation: 2976.3 - 2889.5 = 86.8g
*Also contained 30,891 undecencic acid.
Brer. 11

Wt. of pyrolyzed product distilled : 2977.5¢

Frr. No. Fra. wt (q) Coapocition, Iwt {BC) Frn No.
o] M 16418 e Ric

1 18.27 Discarded
2 816.36 94,712 3.y - - 2
3 38.58 8450  24.38 - - 3
4 1373.469 1.42 97,61 - - 4
e 80.7 - 3.95 32,00 0.13 5
Residue 590.7 - - 49.47 2,32 Residue
¥t. of fractions excluding fFrn. § : 2880.0g

Loss on distillation: 2977.5 - 2880.0 = 97.5g
*hlso contained 30.9% undecencic acid.

2880.00  817.69 1413.95 312.82 13.78
Others ¢ 321.79g




Wt. of pyralyzed product ¢istilled

Expr. I

1 2977.8g

distidlation 1 0.!3

4.5

Frn Ne. Frn. wt (g) Cosposition, Ist (6C) Frn No. Frn. wt (g} Beight, g
W 16418 ¥e Ric [ ] M 15410 Me Ric
1 17.0 Discarded
2 892.7 95.23 .13 - - 2 892.7 830.12 2037 - -
3 1262.6 98.89 - - 3} 1262.4 - 1248.% - -
g 76.6% 2.8%5 39.93 - 4 76.45 - 41.62 30.61 -
fesidue 642.2 - 40.87 49.28 Residue 642.2 - - 262.87  316.48
Wt. of fractions excluding Frr. | : 874,15 287415 850.12  1314.57 293.08  316.48
Loss on distillation: {2977.8 - 2874.13) = 103.45 Others : 102.31g
*Alsc contained 47.851 undetenoic acid.
WATERIAL BALANCE
Exe1. 1
INPUT (ko) QUTPUT (ko)
Be ricinoleate: 4,15 Heptaldehyde o 1.08
Dthers : 0.4 Ne undecenoate : 1.92
Clh+18 s 0.43
4.82 Ke ricinpleate : 0,52
Others 2 0,07
Loss on
pyrolysis 1 0.45
Loss on
distillation : 0.12
4.88
£xe1. 2
INPUT (ka) OUTPUT (kq)
Me ricinoleate: 4,07 Heptaldehyde : 1.1I
Others : 0.45 Ke undecenoate : 1.92
Cls+18 : 0.43
4.5 Me ricinoleate 3 0.02
Others s 0.43
Loss on
pyrolysis 1 0.48
Loss on




MATERIAL BALANCE {Contd.)

EXPT. 3
INPUT (kq} QUTPUT (kg)

Me ricinoleate: 4.09 Heptaldehyde : 1.1b
Others 2 0.45 Me undecencate : 1.80
C15¢18 1 0.8
4.3 Be ricinoleate : 0.43
Others : 0.14

Loss on
pyrolysis : 0.47

Loss on

distillation 1 0.14

4.5
CALEULATION:
11{4 P! EIPT. 2 €XPT.3
Be undecencate fros 100g CHE : 41.569 42.489 39.£59
Undecenoic acid, assuaing a factor of 0.9: 37.40g 38.23g 35.48g
Undecenoic acid, 951 pure : 39.37q 40.24¢ 37,38

Repyrolysis of the distillation residue was not carried out.
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