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Abstract

In 2005 stearic acid V 1895 S is manufactured fbtihe in Indonesia base on the natural vegetable oil, GPatta

Oil to apply Twin Rivers’s demand. One of it specific lifygiodine value 0.15 g/100 g maximum) is very influence to
the purifying steps, one of the steps is purifying of hydnaged crude V 1895 S (HCV 1895 S) feed by a single
column of fractional distillation to produce V 1895 Stlwihe lowest possible of it iodine value, lower than the
maximum value. The results of application and small sigdjants of determination operating conditions of the sing|
column priority based on the feed composition, product composifidh 1895 S and it pressure drop character are
compared based on it quality standards. This is the meitextlin this research to provide V 1895 S and conducted in
the plant scale of PT. XXX factory with production yield 889 % of 0.90mt HCV 1895 S, unsaturated content is
lower than 0.15 g/100 g and higher than 98 % w/w C18 punitgeneral the specific quality standards of V 1895 S

can be met.

Keywords: quality standardgractionation, composition, unsaturated content, adjustments

1. Introduction

Fatty acid o/ 1895 Sis meansuper fatty acidbased
onnatural  vegetableoilg/fats with  stearic acid
C,7H3sCOOH or Gg compositionis minimum 95 %
w/w. Ithas been never manufactured at all, although
oleo chemical industryhad been growth in Indonesia in
the period 1989-2004. This fatty acid had been
produced in America and Europeto consume for:one of
the consumption asthe raw material of the cosmetic
manufacturing that have the lowest skin effect, for
exampleto manufacture thepremium shampoo
Pantene.This stearic acidhas very low unsaturated
content.Sincethe beginning of the year 2005,South East
Asia’s begunto see as a V 1895 S producer. In October
2005Twin Riveras abuyer gave an idea, a standard
quality that had to be followed and produce it
according to the process sequences which were
determined and do by PT. XXX alone(Figure 1), a
company that had been exist in operation inoleo
chemical industry, since the last of the year 1998.
Quality of V 1895 S produced had to meet the quality
standard which is shown in Table 2 below (settled by
Twin Rivers)The same quality standard which was
produced in America and Europe by the method was
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different at all. This was because of the different raw
material and the used technology.

In this research is useda natural vegetable oil, Crude
Palm Oil (CPO) as raw material for the manufacturing
and refining of stearic acid super V 1895 S as shown in
Figure lbelow. Manufacturing and refining technique
of CPO to produce stearic acid super V 1895 S (Figure
1l)is so different compare tothe general alternative
manufacturing and refining technique of fatty acid in
Figure 2 below [12]. Figure 2 is modified to be Figure
1 to produce V 1895 S to apply Twin Rivers’s demand
with the lowest possible it unsaturated content, as the
first technique in the world. Refining of raw matéria
on left side of Figure land Figure 2 can be done by
degumming only and/or combined together with
bleaching and or deodorization process alternatively
according to raw material used, product quality have to
be met and equipment capability. Refining of fatty acid
on the left side of the both figures can be proceed
through distillation and/or combined with fractional
distillation alternatively, again it's very depend on the
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raw material specs, product quality have to be met and
present equipment capability.
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Figure 2. General alternative of fatty acid refining
steps

Palm oil is one of the source of stearic acid
(C17H34COOH) or Gg also as a source of unsaturated
fatty acid oleic acid (GHs3COOH) or Gg; and
linoleic acid (G7/H3,COOH) or Gg, that could be
hydrogenated to be stearic acid as also stated by
[7][20][15] till the total amount of ggis around 50 %
w/w. See the raw material quality CPO that used in this
study. The fatty acid distillate which is obtained of
splittedCPO is called fatty acid 1850[7]. Crude Palm
Oil has the highest gcontent than the others natural
vegetable oils such as: crude palm kernel oil and
coconut oil. This’s the reason the raw material G20
used in this research.

Fawmatenal AV Y H2O C12

Cc14

Cl6 Cl18 Cle8-1  Cl8-2 C20 Tmk

CrO 26 2012 029 0.1

1.1 433 44

384 10.3 0.4 0.8

vource - Flora Sawitg Chemindo 2005
Jote ; AV = acid value;

Refining steps that are started from CPO refinery till
distillation step in Figure 1 above are intended to
separate the impurities of CPO (gum, trace metals),
reduce of ; pigments, odors, short carbon chain of C6
till C14 fatty acid (as the experience CPO contain trace
C6-10 in the light end product of distillation process),

Fractional distillation

In this manuscript is discussed priority the results of
this study in the end step of the refining Hydrogenated
Crude V 1895 S (HCV 1895 S) to produce stearic acid
super V 1895 S through a single fractional distillation
column in Figure 3which is equipped a packed of
structured packing and falling film reboiler [6]. The

using this column will be obtained the better saving of
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SV =zaponification value ; Unk = unknown comp onent material

aldehydes, ketones, iodine value (through
hydrogenation and distillation) to provide of fatty acid
feed quality (HCV 1895 S in Table 2 below) that
refined in the end step, in a single fractional distilati
column (Figure 1). Each step affect to the each others,
agreed also by the researcher [8].

energy consumption, equipment, operating cost,
flexible and product quality compared to the using of
two fractional distillation columnsthat utilized trays
and live steam (Figure 4) [13]. This technology in
Figure 4 was mostly used in Indonesia since 1989, in
oleo chemical industries.



International Journal of Engineering & Technology IJHENMS Vol: 11 No: 04 7

Vacuum system

y

-« » C5purge aslight end

L V18038 aszide product

¢ —® Bottom product

or residue

<1<

From drier of

HCV1893 58 —‘7

Figure 3. Thgrefining of HCV 1895 S by a single
fractional distillation column

Please compare this new technology in Figure 3 above
with the old one in Figure 4 below. Refining of
blended fatty acid that content of at least two main
fatty acid componentswas usually used two
fractionation columns. The ®1column is used to
separate light end and“2column is used to separate
the top product with bottom product. Light end contain
any substances or impurities which have the lower
boiling point than boiling point of the main product in
2" column (the side or bottom product). The bottom
product has the higher boiling point than the boiling
point of the side product in the same column.
Separation of the light end ir tolumn and bottom
product in 2% column affect much better to the main
products quality.

" Vacuum system

Top product

" Bottomproduct

From drier of orresidue

a blended fatty acd |

live
|steam

Figure 4. The refining of blended fatty acid through 2
fractionation columns

Table. 3. Quality of feed HCV 1895 §

Vacuum pressure fractional distillation is applied in
this study as done for distillation because of fattylaci
included unsaturated bond inside are so sensitive for
oxidation [13][14] vhichis so influence into the bed

of fatty acid color and odor). This is also according to
the reseachers [1-3][9]. Unsaturated bond in fatty acid
is more sensitive. Ifunsaturated bond is higher in fatty
acid,it's easier to oxidize [10]. Prevention of fattydac
oxidationis mean to prevent the increment of fatty acid
iodine value or unsaturated content, colors and odors. It
is mean also control closely fatty acid quality which is
made. In this research wasV 1895 S quality. A
researcher explained in his disertasion: reduction of
bottom temperature of column can reduce stearic acid
iodine value or unsaturated content or vice versa [18].

Fractional distillation is shown in Figure 3 above is
intended to reduce unsaturated content of stearic acid
Cis. Separation of oleic acid &, in the residue of
single fractional distillation column will reduce oleic
acid (Gg.1) content in stearic acid;gas a side product.

It is mean the lower color and odors in stearic acid
Cy0r V 1895 S. Reduction of fatty acid iodine value,
color and odors is not only can be done by
hydrogenation priority, but can be done also through
fractional distillation process to achieve the lower
point. How it can be done?

Table 7, Cruality standard of staagig acid super V1895 5

1 Fattv acid composition, Crualitv rangs
(%0 wiw)
< Cl4 0,5 maximum
Clg 100 maximum
Cla-1
C17 -
Cl: 20.0 minimum
Cl8-1
C1E-Z -
C20 0,44 maximum
C20-1

=

2 Total unsaturatad, %o wiw 0,15 maximum

Soures ;. Flara Jawirg Cheminda, 2005

Matenal (%) Cl14 Cl1é6 clg Cl3-1 CI0

Unk Femarks Status

Chaality status

HCWV 18058 - 0,76 08.06 0.23 092

023 Cl18-1=0.13 aff specs Feed

Sovrce ; Flora Sawita Chemindo, 2003

Unsaturated content of HCV 1895 S is higher than the
maximum standard (see Table 3 above), because ofit
value is over than 0.15 %. So it has to be reduced till
meet the standard. Reduction ofg@amount in Gg is

also decrease of arachidic acid,dfCcomposition and

the others impurities that have the same or higher than
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stearic acid C18 boiling point which is so positive
influence to the V 1895 S iodine value, unsaturated
content, color and odors, to be lower. This will be
influence to the lower production yield of V 1895 S
absolutely, but hopefully with the better quality V 1895
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S than HCV 1895 S will be achieved. The above
question is answered.

Operating conditions of single fractional distillation
column has tobe determined and predict carefully
beforeby Roult’'s Law [5][16]. Oleic acid contentsC
;had to be a main consideration in this study. It is so
sensitive to the oxidation and heating. Increment of
unsaturated content or iodine value should be
protected, should be lower in V 1895 S. The prediction
of the single fractional distillation column operating
conditions is done base on the capacity and column
characters (the pressure drop on the top, bottom and
feed tray location of the column), feed composition
HCV 1895 S, product composition of V 1895 S and
residue product composition is predicted. Actual
application of this prediction will change a little bit
depend on the actual product quality is made. The

2. Method

Semi trial and errormethod is used in this research
Operating conditions are determined, predict first and
apply to meet V 1895 S specs. The changing is done
according to the actual results V 1895 S is obtained,
based on it quality standard (priority it composition,

changing have to be predicted and make better
compared to the quality standard. The understanding of
fractional distillation, physical and chemical properties
of the substance, experience in this process and filling
heart have the big contribution to do the changing of
the operating conditions [11]. The operating
conditions are determined and prediét for 80%
production yield of V 1895 S according to the specs of
V 1895 S composition to géh specs and the higher
reflux rate in the single column, according tqs.C
properties that so sensitive to theoxidation and heating.
The high reflux rate has to be made as it value is
achieved on the actual 80% production yield of V 1895
S or higher, that's limited by V 1895 S composition,
unsaturated content, colorare achieved on the actual
operating conditions are applied, to get the higher
yield. What are the suitable conditions?

unsaturated content) and production yield. See Figure 5
below. Procedure of analysis refers to AOCS Ce 13e-
92 and Tg 1-64 to do iodine value analysis of fattg aci
also AOCS 1-62 to do fatty acid composition analysis

(4].

A Bv
* Feed tank
Check the homogenous feed tank HCOW 1805 2
sample: GC. IV and color ¥
- Applied the main operating

The main operating conditions
are determined and predict based
on the composition (GC) of feed,

conditions in a single cohumn and
normmalized on 80 %0 of WV 1893 S
product rate is detenmmined

purge, side and bottom products
are predicted

Product WV 1803 8

Purity 90 %% mimrnmumn
Cig1 - 0.135 %% maxitmum
Cis : 10 2% maximun

Actsalhy, fhis will
increase hoth el and
bodl p rate. Effacine the
changing of conditions

¥
Eeduce side stream
draw off rate

Sampling WV 1805 5:;
Distillate purity met?

Feduce purge
draw off rate

¥

Other feed
tank

Stored as the in specs V' 1893 5 in the final
product tank

Cther feed
tank

Figure 5. Fractionators’ control chart to achieve operating conditonsquality V 1895 S as it standard
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3. Results and Discussions

This step is intended to separate stearicacig) &iper
orV 1895 Sandfatty acicesidueC;g.00f the feed HCV
1895 S to reduce unsaturated content of V 1895 S
There is no light end draw off in this study because of
color (not shown here), gand Gg of HCV 1895 S is

in specs. The final quality of V 1895 S is shown in
Table 4 below. The off specs one V 1895 S in the final
storage tank is caused of by production yield increment
over than 87 % (see Table 5 and Figure 7 below).

Table 4. Unzaturated content of HCV 1293 S and V 1893 5 (%owi'w)

MMatenal C14 Cl6 C18 €181 C20 lnk Femarks Cuahity status Status
HCWV 1893 8 - 076 9806 023 092 023 Cl8-1>013 C18-1,C20 are offspecs Feed
V18935 8 0o 112 9808 0,19 030 042 Cl181>013 C18-1is off specs Product

Souce.; Flora Jawita Cheminde. 2007

The results of this research show thatsaturated
content in this step came down to beaverag®.19

% (based on Twin River’'s analysis) or iodine value of
V 1895 S came down to be averageddR gr 12/100

g. Comparison of unsaturated content C18-1 of HCV
1895 S and V 1895 S can be seen in Table 4 above.
Actual color of V 1895 S is in specs, but not shown in
Table 4 above, discussionis centered to the unsaturated

contentwhich is off specs. See inTable 3 and Table 4
above.

The operating conditions are determined and predict,
can bee seen in Figure 6 below.This prediction is made
base on the fatty acid compositiononly. Please,
compare this one with the actual operating conditions
in Table 6, in discussion 3.3.

mol
waight Mate Lkghr wit Yo
PYEsIurE condsnssr 228 Cl4 0.00 0.00
mbar 25 2219-230°C 2356 Cls 1.03 70.00
[ =p | mbar 25 Light and 184 C1E 045 30.00
- reflux total 1.5 100.00
244-245°C l
246 -247°0 V1895 8 (80 % fzad)
F==d HCV 1895 8 hiater keghr  wt %
Biate= Lkghr =t % Clé 635  0.819
Cl4 0.0 0 Cl18 79120 98.941
Cl6 7.6 0.76 clg1 0.32 0.04
Cl18 9806  98.09 20 0.32 0.20
cilg1 1.3 0.23 total 79976 100.00
20 9.2 0.92
total ©299.7  100.0
50 mbar
263-264°C

Bottom product

¥

Mate Lkeghr wit %o
Cls 0.00 0.03
C18 1EE.Eé 9303
C18-1 1.98 1.00
C20 7.60 3.82
total 19840 1000

Figure 6. The operating conditions design forthe providing of HCV 1895 & &ingle fractional distillationcolumn
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3.1. How to minimize unsatur ated content in V1895 S?

Based on Table 5 and Figure 7 below no doubt at all
that C18 purityis over than 95 %, althoughV 1895 S
production yield are (80.0 - 95.0 %). This is caused by
C16 feed is lower than 1 % (Table 4 above).lIf C16
amount in the feed HCV 1895 S is kept as is in V

1895 S feed ando light end draw offor total reflux

in this system/study, C18 purity will not be lower than

90 % w/w. This also affect to the bigger C16

concentration in vV 1895 S that can_ minimize
unsaturatedC18-1) content in V 1895 S, the others
components too, C20 and unknown (Unk) (in Table 5).
The higher S production yield of V 1895 affect to the
smaller C16 content and the higher C20 and unknown
relatively. It affected to the off specs unsaturated
content in V 1895 S. It can’t be allowed. Please, see
also both figures, Figure 7 and Figure 8 below.

Table 3. Effect of fractionation production yigld into wnsafurared content of V 1893 5

Sample — C14 Ci16 Cl18 Cl181 C20 [nmk IV Beflux Production yield Femarks
rate.mth (24)
1 002 367 96,00 0.0 0.0 00 0009 15-16 200 In specs
2 - 0,35 9943 004 002 016 011 1213 g87.0 In specs
3 - 1,13 9738 036 023 068 - 0910 03.0 Off specs
4 039 121 9727 03% 027 04% 012 0209 03,0 Off specs
Source : Flora Sawita Cheminde. 2003
100 The influence of the reduction of V 1895 S production
99.5 (87.99.43) yield on C18-1 content in V 1895 S and reflux rate in
99 C(89.3.55.1) Figure 7 can be used as the evidence to support to
€ 9851 DELsEn: state; reduction of V 1895 S production yield will
R N reduce unsaturated content in the main product.
ECE [9”[’935_8;7_27) Reduction of V 1895 S production yield is cause of the
5 97 ' increasing of reflux rate which reduced the BT of
96.5 fractionation column (in Figure 9 at discussion 3.4).
96 - (80.96) ‘ ‘ The same thing that had been done by a researcher to
A

[

73 20 83 90 93 100

Productionyieldof ¥V 1893 8 (%)

Figure 7. The influence of V 1895 S production yield
on C18 purity in V 1895 S

Separation of amount C18 into fatty acid residue (see
Figure 5 above) affect to the lower amount ofV 1895 S.
Reduction the production yield of V 1895 S. This is
cause of C16 amount ratio to the total amount of side
product V 1895 S is bigger. Finally although without
light end draw off, color of V 1895 S met the quality
standard (not shown in discussion). So the decision not

reduce stearic acid iodine value or unsaturated content
in stearic acid distillate; by reducing BT of distillation
column [18]. The reduction of BT affect to the
reduction of evaporation rate of unsaturated content,
reduce it amount into V 1895 S, of course also the
other components. This is according to the distillation
principles [5][11][17].

(80; 1,55)

(87; 1,25)

Lot
BN D O @
P

(93; 0,95)

C18-1 content (%)/Reflux rate (mt/h)

08 o (95; 0,85)
to draw off light end is the exact consideration in the 06 % Production yield vs Reflux rate
.. . . L . —&— Production yield vs C18-1 content
beginning of this study, one technique to minimize the 04
- . (95; 0,38)
unsaturated content or not reach 0.15 %. The ratio can 02 (93; 0,36)
be changed depend on the changing of V 1895 S . (80; 0) 70,
production yield. So in this study reduction of V 1895 02 % % ' ' ' '100

S production yield is also the other technique to control
or reduce unsaturated (C18-1) content as it specs (see
Figure 8).
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85 9 5
Production yield 0&/ 1895 S 8’/0)

Figure 8. The influence of V 1895 S production yield
on C18-1contentin V 1895 S and reflux rate
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3.2. Prediction versus actual V 1895 S production yield

Reduction of V 1895S unsaturated content was done in
this study.Theproduction yield of V 1895 S is tried first
80 % asthe design and prediction of the operating
conditions(Figure 5 aboveReflux rateis also made so
very high in the beginning, on the interval1500 — 1600
kg/hr.This reflux rate is intended to suppress the
evaporation rate ofinsaturatedcomponent as low as
possible because of thaoiling point of unsaturated
fatty acid Gg.4is lower than Gboiling point[16]. This
reflux rate is made also because of the amount;©f C

in the feed HCV 1895 S is so small (0.23 % in Table 4
above), also the other components (Table 4). On the
lower reflux rate, it's more difficult to be separated
ofCginto the bottom product or residue (Figure 5
above). Of course the amount ofg@ill be bigger in

the residue. It's a risk of a high reflux rate. The feed
rateis tried first on1.000 kg/hr. These predictions are
made according to the experience in the fatty acid
distillation and fractionation in the previous.

The production yield of V 1895 S is then increased
slowly (as shown in Table 5 above) after fractional
distillation conditions werestable for 80.0 %
production yield. This simulation is done for knowing
the influence of the increment of V 1895 S on the
increment of unsaturated content in V 1895 S. The
results within Table 5 proved the prediction above. See
also Figure 8 below.The higher possible production
yield can be achieved but at the same time unsaturated
content is closer to the maximum point of unsaturated
content and finally of specs on 91 %, 93 % and 95 %
production yield (Table 5 above and Figure 8
below).The in specs one ofV 1895 S should be made in
this research. How many percentthe maximum
production vyield has to be achieved? How many
percent the safest production yield? It has to be met.
The trend in this Figure 9 can be used to predict the
suitable production yield of V 1895 S to provide

The iodine value and unsaturated content of V 1895 S
(in Table 5 above) came up to be higher. This is cause
of unsaturated component is evaporated more together
with V 1895 S as the impact of the increment of V
1895 S production yield and/or decreasing of reflux
rate(see Figure 8 above). The composition of C20 is
bigger also, caused of the same reasons. This is
according to the distillation principles [5][11][17].

3.3. Actual versus predicted operating conditions

The reduction of V 1895 S production yield mean the
top temperature of the fractionation column is adjusted
lower. This temperature could be determined and
predict practicallyby Roult's Law but have to be
clarified actually through this research. The prestict
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The off specs one stearic acid V 1895 S in Table 5
above is sent back the other feed tank as described in
Figure 5 above to avoid the higher unsaturated content
in the same feed tank and in the next V 1895 S will be
produced.Based on data in this table, it is so clear the
influence of the higher production yield V 1895 S to
the higher it unsaturated content. See Figure 8 below.

Base on this figure, V 1895 S production yield is
predicted 89.5 % to achieve 0.15 #msaturated
content in V 1895 S (point A). So the safest
production yield should be under 89.5 %. Based on this
predictionV 1895 S production yield should be
adjusted to be lower than 89.5 % (see Figure 9 below).
It could be 88 % or 89 %. Whyit can be happened? It
has to be considered strongly the unsaturated content
should be achieved first lower than 0.15 %. It is very
important to meet the specs first. If the production
yield is kept constantly as is (89.5 %), there is a big
possibility that V 1895 S will be off specs.

Beside this reason the stability of this process is
considered strongly. It is not guaranteed all the
instrumentations have the straight line response,
according to the experience it's normally has the small
fluctuate on the same amplitude.

045
04 4
033 A
03 4
025 A

B (95,038)

02 - =/ B(91,019)
015 A(895,0.15)
0.1 -
005

0

(87.0.04)

Unzaturated content 18- (%)

(80,0.02)

73 20 83 90 93 100

Productionyield of V 1893 8 (%)

Figure 9. The influence of V 1895 S production yield
on unsaturated content in V 1895 S

The actual average production yield is achieved5.0

% . Why is it different? The production yields in Table
5 are not straight since the increment is done. It is done
slowly, step by step. It so logic the actual production
yield is lower than the predicted one.

one is used as a main guide and very important to
conduct this research. This prediction was limited by
unsaturated content or double bond ofg.Cin the

quality standard. If the consideration was based only of
C18 purity (see Table 3 above), V 1895 S can be draw
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off 98 % or it production yield 98 % as it composition
in the feed but actually unsaturated content is off spec
when it production yield achieved 93 % and 95 %. So
it must belower because of limited by unsaturated
content in the quality standard. It's mean also the
actual operating conditions are different with the
predicted operating conditions. See Table 6 until Table
9 below.

The average conditions for the production yields 80 %,
87 % and 93 % (Table 6) were the average of the

12

simulation data on the same yields from Table 7 below.
The data for 93 % and 95 % production yield didn’t
take more because of the conditions were up set
already.

The average conditions for the production yields 88 %,
89 % in Table 10 were the average of the simulation
data on the same yields from Table 11 below.

Table 6. The actual operating conditions to produce V B86T" test

Production TP, mbar TT,*C SPTTI, FI.°C BT, *C FEFE.mth BF, mbar Femarks
vield [%a) aC
20.0 19.3 2328 2444 2374 266.6 1.1-1.2 30-34 CE-1<0.13 %
&7.0 258 2145 2436 2368 268.0 1.09-11 50-52 CE-1<0.13 %
Q3.0 272 203. 245.1 2380 2740 08300 30-51 CE1=015%
03.0 2535 2045 2445 2380 2738 078083 30.0 CE1=013%

Source: Flora Sawita Chemingdg, 2003

MNotes: TP = top pressure; TT = top temperature; SPTT = side product tray temperature; FT = feed temperature; BT =
bottom temperature; B R =reflux rate ; BP =bottom pressure

Table 7. The actual simulation of the operating conditiopsaduce V 1895 S of'ltest

Production TP, mbar TT,®C SPTT, FT.?C BT, *C EE.mth BF. mbar Eemarks

vield (%) o
20.0 193 1318 2444 2374 166.6 1.1-1.2 30-34 CE-1=0.13%
200 193 2330 24472 2376 2670 1112 51-54 CE-1=015%
200 191 2326 2446 2372 266.2 1.1-1.19 4054 CE-1=0.13%
270 258 2145 24386 2368 2680 109-1.1 30-52 CE-1=015%
87.0 238 2147 2440 237.0 1684 1.08-1.11 31-52 CE-1=0.13%
270 26.0 214 3 24332 2366 2676 10811 40-52 CE 1< 015%
Q3.0 272 2038 2451 2380 2741 08400 30-51 CE1=013%
Q3.0 2725 2037 2440 2389 2739 0&p0E0 50-51 CE-1=x015%
03.0 255 2043 2443 2380 2738 078083 30-531 CE-1>0.15%

Source: Flora Sawita Chemindo, 2003

Mote: TP = top pressure; TT = top temperature; SPTT = side product tray temperature; FT = feed temperature; BT =
bottom temperature ; EE =reflux rate ; BF = bottom prezsure

The actual operating conditions on 80.0 % production

yield has a small different than the predicted one (see
Figure 5). The actual suitable prediction of production

yield was 89.5 % (discussion 3.2 above). It's so

different also than the prediction was done only base
on the C18 composition in the feed. Feed temperature
can't be reached because of the limitation Oil Thermal

Heater system capacity (on 850-900 kgs/hour feed
rate), to conduct heating in a heater and a reboiler of
fractionation column.

Reducing of TT and SPTT trends that almost constant
are according to the simulation of Roult's Law (not

shown here) [5]. SPTT trend as is due to C18
concentration is almost constant around 98 % on the
same pressure 27 mbar. Reducing of TT is due to
increasing C16 or reducing C18 composition in the
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total reflux of light end on the same pressure, around
25 mbar, as affect of V 1895 Broduction yield
increment or decreasing of total reflux into the
column. This increment is cause of reducing C16
composition in V 1895 S that is added major from light
end and also C18 composition increment that is added
major from bottom product. This increment is also
cause of the increment of BT that is effect to the higher
C18 evaporation so it composition is higher at the
production yield 87 % (see Figure 8 in the next
discussion 3.4). Increment of production yield (priority
93 % and 95 %) is cause of the increment of BT that is
so effect to the higher content of C18-1, C20 and
unknown components, unsaturated content is off specs
(0.36 and 0.38 %). This is also so affect to the lower
C18 content in V 1895 S. That is why both the last 2
actual operating conditions in Table 6 can’t be applied
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on the next test, but the higher yield should be pointed the operating conditions have to be predicted by
as shown as discussion 3.2, based on Figure 7. The Roult's Law, next has to be tested actually, and
production yield 88 and 89 % are met graphically and  compared how precise it.

Table 8. The predicted operating conditions to produce V 18951%test

Production TP, mbar TT,°C SPTT, FI.°C ET.?C EE.mth EP. mbar Femarks
vield (%4} °C
220 2336 217- 244. 246- 263- L08-1.0%+ 0% CE8-1=012%=10.13
218 245 247 164 % (base on Figure 9 of
1st test)
200 2336 217- 244 246- 263- 1.01-1.04+ 0% CE8-1=014% =013
213 245 247 264 Yo, (base on Figure 9

of 1st test)

Note: TP = top pressure; TT = top temperature; SPTT = side product tray temperature; FT = feed temperature; BT =
bottom temperature ; BB =reflux rate ; BP =bottom pressure ; * base on the highest actual vacuum pressure

Table 9. The predicted of V 1895 S quality Shtdst

Sample —1 Cle Cl18 (C181 CI0 Ik Y Feflux rate, Production yield Femarks

mt'h (%2}
1 074 OBE0 003 020 021% - 1.08-1.0%+ 28.0 In specs
2 076 09867 006 022 030% - 1.01-1.04+ 00 In specs
Table 10. The actual operating conditions to produce V 1892 test
Production TP, mbar TT°C SPTT, FT,°C BT,°C RR,mt/h BP, mbar Remarks
yield (%) °C
88.C 25.¢ 214.5  243.€ 236.¢ 268z 1.0¢1.1t  50-52 C81=0<0.15 % (bas
on Table 12)
89.C 23.2 229.8 2427 242t 265f 1.0-1.1 50-52 C81=0.02<0.15%

(base on Table 12)

SourceFlora SawitaChemindo, 2005
Note: TP = top pressure ; TT = top temperature; SPTTemioduct tray temperature ; FT = feed temperature; BT =
bottom temperature; RR = reflux rate ; BP = bottom pressure

Table 11. The actual simulation of the operating conditionsadyme V 1895 S of"? test

Production TP, mbar TT,°C SPTT, FT.®C BT.*C EFRE.mth BEP, mbar Femarks

vield {%&) 2 C
220 258 2145 2436 2369 2682 1.08-1.153 50-52 CE8-1=0=0.135%
280 260 2148 2440 237.0 2685 1.08-1.16 51-53 C21=0<0.15%:
280 262 2142 2438 2368 26709 1.08-1.14 40.51 CB8-1=0<0.15%
200 232 2285 2427 2425 2635 1.03-1.1 50-52 C8-1=0.02 =<0.15 94,
200 233 2289 2425 2423 2638 103-1.1 30-51 C8-1=002=<0.13 %
200 231 2301 2420 2427 2633 1.03-1.1 30-33 C8-1=0.02 =0.15 %,

Source; Flora Sgwita Chemindo, 2003
Mote: TP = top pressure; TT = top temperature; SPTT = side product traw temperature; FT = feed temperature; BT =
hottom ternneratire: RR = raflix rate - BP = hattam nrazsarel
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Table 12. The actual V 1895 S quality 8t st

Sample — clg (Clf Cl181 Cc2o Imk IV Eeflux rate, Production vield Eemarks
mth (%)

1 103 9240 000 000 042 - 1.08-1.13 22.0 In specs

2 079 9897 002 002 020 011 1.03-1.1 20.0 In specs

3.4. M echanism of the changing of the main temper aturein the manufacturing of V 1895 S

The changing of the top, side product tray and bottom
temperature versus reflux rate in the single
fractionation column (in this research) can be seen in

280 -

=2 270

2 Z 260

5 & 250

no g | B —u —0

g? 230 80% vield

T 20

5 500 1 95%vield

= 3 210 87 % yield

2T 200 .

=2 93 % yield

= § 190 1 ——TT —@SPTT BT
180 : . . . .

800 900 1000 1100 1200 1300

Feflux rate. keshour

Figure 10. Mechanism of the changing of the main
temperature to produce V 1895 S in a single
fractionation column

4, Conclusions

Unsaturated content of V 1895 S is higher than 0.15 %
due to the production yield of V 1895 S is higher than
90 %.

Based on the actual operating conditions to meet the
safest unsaturated content (lower than 0.15 %) in V
1895 S finally is found graphically on 89.5 % V 1895 S
production yield. Practically is found 88 - 89 % V 1895
S production yield. The light end has to be total reflux
and unsaturated content of V 1895 S is controlled by
the adjustment of V 1895 S production yield on the
found practical or actual operating conditions

4. Suggestions

I's suggested strongly to improve the OTHS capacity
to get the higher FT/capacity and V 1895 S production
yield. The increment of FT will be cause of the RR

increment that can reduce the lower unsaturated
content.
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Figure 10 below. The changing temperature above
happen whilgotal reflux of light end

in the single fractionation column as Figure 3 above.
Reducing of reflux rate or increment of the production
yield V 1895 S is cause of the top temperature (TT)
decreasing, relatively no changing of the side product
tray temperature (SPTT) and the bottom temperature
(BT) increment of the single column, on the same
heating in the reboiler.

This mechanism is so different with the temperature
mechanism ofatty acid blended fractional distillation

as Figure 4 above. According to the experience
practically, the total reflux of light end is cause of T
and BT decreasing in 1st column and the increment of
production vyield distillate product in"2 column is
cause of TT and BT increment if2olumn on the
same heating in the reboiler. This is according also to
the reference [11].

The actual operating conditions are found at TP (23.2 —
25.8 mbar ), TT (214.5 - 229%), SPTT (242.7 -
243.6 °C), FT (236.9 — 242.7C), BT (265.5 —
268.2C), RR (1.03 — 1.15 mt/hour), BP ( 50 — 52
mbar) and feed rate 850 — 900 kg/hour. It is found base
on the predicted operating conditions at TP (23.36
mbar ), TT (217 — 218C), SPTT (244 -245C), FT
(246 - 247C), BT (263 -262C), RR ( 1.01 - 1.09
mt/hour), BP (50 mbar) and feed rate 850 — 900
kg/hour.

Feed temperature is actually found lower than the
predicted one because of the limitation of the oil
thermal heater system (OTHS) capacity.

I's suggested strongly to improve vacuum system
capacity so it can be achieved 3 -5 mbar TP in of the
single column to improve the total performance of the
single column for this special product. The highest
vacuum pressure 2 mbar is also stated by [9] to get the
better results of fractionation/distillation products.
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