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- APPENDIX II. SILACK waX AND PARAFFIN WAX
SPECIFICATIONS

Table II.1 Specifications of Bérauni Slack Wax

1

Melting point, °C

water at 4-C

Colour (ASTM)
- 0il Content

Characterlstlcs iSpeéifications
| 62-64
Density atOISOC with respect to .
| 0.8930
Kinetic viscosity at 98.900,.cst. 4,8400
445=5.5
9—13'/,

Table II. I.S. Requirements for Paraffin Wax :

Characteristics

Regulrement igr .

e s s ap et

Melting p01nt(coollng curve)
ks percent by weight, Max

Acidity: -

(a) Organlc(mg of KOH per &),

Max.

(b) Inorganic (mg of KOH
~ per-g), Max

Saponification value,Max.

0il content, percent by
weight, Max,

Colour, Lovibond, in
18~in cell, Max

Colour, Lovibend,after acid

treatment, in 1/4 in cell,
Max

Odour, Max.

} Type I Type 2 Type 3 Typc 4

o 459 £ 700wy
0.03  0.0%  0.03  0.03
0.10  0.10  0.10  n.10
0.02 0.02  0.02  0.02
1.0 1.00  1.00  1.00
0.25  0.25  0.50  3.50
0.5y .5y 1.5y '5;OY
2,0y+ - - -
1.0R
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APPENDIX III: WAX DEOILING MODELS AND SAMPLE
CAICULATIONS

III.1. SIMPLIFIED MODEL FOR WAX DEOILING AND

.COMPUTED RESULTS

A simple model for wax deciling is obtained whén
simplifying assumptions regarding ciystallization and
mixing characteristics of wax—oil-sclvént s&stem;
product wax yield and cake p_ rosity are made. The

agssunptions used in the model are as follows:

1. Slack wax consists of hard wax and cil alome,
There are nc soft waxes which may be remcved during de-
ciling.

2. Hard wax has zerc solubility in the solvent.

3. Wax agglomerétes entrapping the c¢il are nct

formed during crystallization or filtration,

4. Deoiling solvent mixes completely and rapidly

 with oil in all PTOPLrtions

5, 0il-solvent soluticn in wax cake nixes ccmpletly |
and rapidiy with repulp-and wash-solvent during repulping

and washingg operations respectively.
6. Wax cake porosity remains cchstant.

With above agsumptions and the knowledge of slack
- wax 0il content and the quantities of sclvent used, the
0il content in product wax cf different stoges of operat- -

ion can easily.be calculated. General procedure fcr a
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batehwise deociling operation is given below:

Basis: Weight of Slack Wax Feed 100
weight of 0il in the slack wax x

weight of hard wax in the slack wex 100-x

welght of liguid _ ‘s-c 8 (100.p)

retained by cake By ’ 19

where § ie the wax cake porosity,

Py is the specific density of the oil free wax and

L gmc is the density of solventw~cil soluticn.

Since the guantity of oil in solvent-cil solution is
snall, Pg.o Son be taken 1o be equal to the sclvent
density Pgr weight of liquid retained by coke is constant

and con be designated «, such that

/('.'7
= £ B -
a4 = /;w T=5 (100~-x)

Weight fraction of c¢il in the liquid retnined after
first-stage crystallization and filtrotion, for a sclvent-

. . X
$o=-8lack wax ratio of n is 55 T =

Oil content after first stage crystallization and filtra-

ticn, as weight percent of oil free wax, is given by

/().
_x 100 _[_100x ., @8 .78
“ * T00n+x 100-x ~ | I00n+x ~ 146 4

On washing, for a wash solvent-tceslack wax ratic of n

percent cil ccntent reduces tco

CANRAL LIBIARY UMYERSAY OF ROORVE:
ROORKEE
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[ 100%x_ . 8§ _ . s] . @
100n+x l-p v lOOnw +

Repulping and filtration, for a repulp solvent-to-

slack wax ratio of Nps reduce the oil percent to

[I%%?oz%{&““ 1-6 ,o ]Llom +q[[lOOnR ¥ o;]

Second-stage washing after repulping and filtration

reduce the oil percent to,

(% o [t ==] Lot

In general, for a multi-stage deoiling operations
involving a total number of (l+p+g) filtration opersticns
corresponding to p repulp and g solvent wash operaticns,
the produet wax o0il content Y, as weight ercent of oil’

free wax is given by

100x . e .
T = |Toon+x ~ 1-0 [lOOnR+ a:l [lOOn + o

Fror. the value Y the cil ccntent y, as weight percent
of prcduct wax, can be readily calculat~d using the

relationghip

100 Y
y= 10047

Table III.1 shows the estimated percent oil content
vélues based on this model, for solvent-to-slack wax
ratios of 2:1, 3:1 and 4:1 for different number of
filtration end wash stages and for wax-cake porosity

values of 0.4 and 0.5.



Table III.l Estimated Percent 0il Ccntent

Values Based on the Simplified

Mcdel.

Solvent Estinated value;(“)f.o?fconten—t in Prodﬁct wax,wt.v.
Porosi- ;{2;1{ Crystall- | After | Repulping After 2nd Repulp-jAfter
ty , wa;{ ization angd washing and | wash< ing and washe

9 ratio filteration i Filtera~ | ing | Filteration|ing
) N i ? Lo Ylon L .
0.5 - 21 4.97 2.60 1.16 =~ 0.598 0,263 0.135
3:1 3.43 1.79 0.62 0.318 0.110 0.096
431 2,62 1.36  0.39  0.197 0,056 0,029
0.4 21 3,37 1,41 0.49  0.202  0.070 0,029
331 2.32 0.96 0.25 0.104 0.027 0.011
431 1.76 0.73 0.15 0.063‘ 0.013 0.005

Repulp solvent=~to~slack wox ratio np = 0.5 n

Wash solvent=to-slack wax ratio n = 0,75

w
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III. 2 MODIFIED MODEL FOR WAX-DEOILING BASED ON
ACTUAL ¥iX CAKE AND YIELD VALUES AND
COMPUTED RESUILIS

More realistic values of product wax cil ccntent
are obtaingd than the values calculated fronm the general-
ised simplified nodel for deoiling of slack wax when the
actual values of wax cake porxosity and product wax yield
are incorporated in the generalized model. General proced-
ure fcor 2 batchwise two-stage deoiling operation is as
given below:
Basis: Weight of slack {vax fead 100
Weight of oil in the slack wax x

After first stage crystallization and filtration, the

quantity cf oil retained is given by,

ml‘ﬁ——(Kl- Y,) where XKy and Y, are weights

of cake obtained and
product wax,

After washing, weight of ¢il retained is given by

-4

X
oon (K1-Y) - v TR
' 1 "1 W

After washing, weight of o0il retained is given by

S SEUY § S Ji) W —

100 n 1 -1 Kl-Yl + 100 n
The percent oil Pl and cake porosity elfrom first—stage
deoiling operation involving crystallization, filteration

and a single wash is given by
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P 100z K 1)

"1 7 | Y{(300n) K -Y,+ 10 160n,
(Ky=Y,)+.01 P Y,

8y =

w .

A, andf, are specific welght of wax end the solvent

respectively.
0il remaining with cake after second-stage filtration

is given by

Ay omt)
1007 (%,-Y,)+100 ng

wvhere, K, and Y, are weigh‘cvs of cak_e obtained and product

wax from two-stage deoiling.

or

©

' I00n ° Kl-Yl)+1OOnw !Klm?l$+100nw

0il remaining after second-stage washis given by

X (Kl-Yl)2 (Kp-Yp) (Kp-Yy)
100n ° (Kl—Y1)+lOO nw' ZK2~Y2$+lOOnw‘ TKlel)+lOOnR

The oil percent P, and cake porosity g,of the preduct
wax and wax cake obtained from two-stage deoiling opera-

tion is given by

2
IS5 S o U Bo-Yy . BYy
2 = Y,(100n) TK,-Y,)+100n_ * K~ ¥,+100n, Kj-Y,+100ng
_ 100X I Ko-1; - -
- OOn Ny nR
+ v 0+ e="J0 +
v,f008 1 e 1C - j Qo+ X Ylj

(Ky-¥,) +.01P, Y,

A
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Table 5.2 shows the estimated percent oil content
values for one-stage and two-stage deoiling operations

lfor solvent to slack wax ratiocs of 211 and 3%1.

111,35 SAMPLE CAICULATICNS

III 3.1 Calculmtlon of 0il Ccntent cf the Product
Wax from the Simplified Model

0il content for a two-stage deoiling and solvent-
to-glack wax ratio of 3:1 is caleulated. for slack wax

containingv12.4 percent 0il and cake porosity 0.5.

X = 12.4
5] =>005
n = 3,0
L, = 0.893
bs = 0.80
YU :
| nw‘f 0.75
and for 2-stage deciling operation,
p=1 gq=2
T A
= =2, 2 -
Ther?fére, g» /%. T (lOO x)
= -9-§3~ 06. 100-12 4)

78. 495

100X
T00n+Y 'l—s lOOnR+a lOOn To

12, 4§1002 78,49
100(3) +12.4 W‘. ][_TT'STE—IOO +78, 1‘9“5] [75+ 8. 495]

= 'Oo 319

B
o

H

0il content as weight percent of product wax , y, is

_100Y _ _31.9 |
Y = 150+ = ”i%b??ig = 0.318
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III.3,2 Calculation of 0il Content of the Product
Wax frocm the Modified Model

Run Nc.11,22 is selected for this calculation.,
Weight percent of 0il in slack wax X = 12.4

Wax feed = 402.5 g

Weight of cake obtained in first stage = 5.99 g
Weight Percent Yield'yl = 83,0 '

Weight of cake used for repulp = 449

Weight of cake obtained in second stage = 370
Weight percent yield of wax product Y, = 79.47
Solvent-to-glack wax ratio n = 2.0

Wash solvent-to~slack wax ratio n, = .75

Ky = a (100) = 148.5

0il content in product wax from first stage is

2
100 X (Ky-Y,)

- [ [t ]
17 LY (X + 100 o) L "K;=¥;+100 n,,

~ 12.4(100.0) [ (148.5-83.0)°
_-83.0_(112.47)_+ 00)] | (148.5-83.0+75)

2,30

-

Repulp solvent to slack wax ratio np = 0.5n =1.0

By = 785% »s22-(100) = 122.2
0il content in product wax from second stage is
"2 ‘YgT'-!-'—l_—OO' n) (K=Y )"‘+100n * B,-T,+IC0n, ° Kl-Y +10CnR
2

= P o T e T s TIF
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f

2.30 BT T AT AT + TI8T5-83. 0100
= 0,229 '
vFirst—stagé wax cake porosity is:

T ~ 01P, ¥, + LB (y,-.01P,1,)

_ 148,5-83.0 + 2.3(.83C .
148,5-83.0+2,3(.830) + —gr5 (83.0) (1-.023)

[
L .

= 5483
Second-stage wax cake porcsity is:

Kp=¥pt.01 Bp¥y

———
Kp-Y,(1- =2) + .01, ¥, (1- 52)
'NW o r"w

~L162,8-79.47+,229(.7947)
162,8-83.0(1~ —533) +2.3(.83) (1~ —i53)
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CHAPTER 1

INTRODUCTION

Presently thereis a world-wide shortage of petrof
leum waxes, Due to their many and diverse applications,
- there is considerable interest in the production of these
waxes from traditional sources as well as to find new
gsources for their manufacture. Petroleum refiners are
concentrating more and more on improving the existing
_ dewaxing énd deoiling ‘processes to increase the’production
of these petroleum products with suitable functionai

propertlies for varied end uses.

Processes employed for the production of refined
wax are aimed at deoiling the petroleum wax-aohcentrate
known as slack wax, a co-product from dewaxing unit. These

(1)

processés ére physical in nature and are similar to :
-those used in dewaxing of lubricating oil,fractions, often
vafying only in the choice of treating conditions. Solvent
‘deoiling, like solvent dewaxing, is by far the most widely
used process for the production of refined wax of low

oil content.

Ketones have since long been described as good
dewaxing and deoiling solvents by virtue of their i0w
»solubiiit& for n-paraffin type waxes and relatively higher
filtration rates(zz Choilce of a part;cular deoiling solvent
depends upon its miscibility with oil, solubility of wax in

it, rate of filtration, latent heat of evaporation, boiling
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range stability, non-corrosiveness, water solubility,

" availability end its cost.(S)

The choicé of operating wvariables, such as, .

- deoiling tempe;ature and solvent-to~-feed ratio depends
on the solvent, the nature of the feédestock and ther
degree of refiﬁement desired. Higher deoiling tempera-
turé results in a product of lower oil content but the
wax yield is adversely affected. In opting for a higher
solventQto-feed ratio, possible gains in the degree of
refinement achieved will have <to be weighed againét
increased solvent losses. With methyl ethyl ketone,

the renge of deoiling temperatures commonly employed
is ;40 to +21°C and the solvent-to-feed ratio (volume/ -

volume) varies from 1 to 8 By proper utilization

of techniques of incremental dilution and filtrate recir-

culation, fresh solvent-to-feed ratios as low as 1 to

(6)

2 can be used in a two stage process. Cooling is

carried out very slowly since too rapid chilling results
in poorly crystallized, bulky wax cake which crack badly
(5)

during filtering and wash unevenly.

The aim of the present investigation was to study
the feasibility of using methyl-isobutyl-ketone which
offers many performsnce advantages over methyl ethyl

ketdne(MEK) and MEK-aromatic mixtures, to %go%uce wax
3

of low oil content from the Barauni slack wax. Barauni
" refinery, which processes Nahorkatiya crude of paraffinic

tygé,«isAexpected to produce 75,000 tons per year of

LI
7
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| CHATTER 2
LITERATURE REVIEW

Paraffin wax is a purified mixture of solid hydro-~
carbons obtained from petroleum, It is more or less a
transluccent mass, either coloquess or vhite, showing
a crystalline structure without odour or taste with
slightly greasy éouch. Paraffin wax is an important
petroleum product with widely different commercial app-
licationf It has been observed these waxes usually écnsist.
of upto 90 percent n~paraffin hydrocarbons with some
iso~paraffins (10 to 20 percent) and less than 5 percent
cyloparaffins in the'range of 018 to 032_and solidifying
between 27.0°C and 68,9, (7+%)

Parsffin wax from petroleum was originally an
unavoidable by-product obtained during dewaxing of
lubricating 0il fractions. Currently, because of its
varied end uses it is also obtained as a primary prodézl
by dewaxing certain petroleum fractions and Qracking the

dewaxed portion to produce gasoline. However, most of the

wax is still produced as a co-product of lubricating oil.

(10)
Paraffin wax is mainly used in the manufacture

of waxed papers, waxed cartons and candles, Other consu-
mers of paraffin wax includé matches, fruit and vegetable
coatihgs, cosmetics, carbonxpaper, preventives, electrical.
and communication equipment, and pharmaceutical, textile

and leather industries. It is also used to manufacture
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glack wax. This slack wax can be utilized to produce

high melting point hard paraffin wax, Since the composi-
tion of different stocks varies with respect to type

snd distribution of various kinds of hydrocarbons and
relative proportion of neparaffins, iso-paraffins and

the carbon distribution of non-paraffinic porfion, it
becomes essential that the possible application of a new
solvent should be carefﬁlly investigated for each type of

feed-stock,

In the present investigation, a totazl of twenty
one runs were carried out at four different deoiling
temperatures, viz.20°, 150, 10° and 5°C and for two
solvent-to-feed ratios, volume/volume, of 2 and 3. From
the experimental data, aftempt has been made to determine
the op’iimum conditions for the production of refined wax

necting Indian Standard gpecifications.

..
e
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chlorinated paraffin wax ond as a cherical rey matorial
chlorinated paraffin wax is meinly used o plasticiszer or
extender, flame proofing angents and extreme pressure

lubricants.

Crude petroleum on distillétion at atmosphere press-
ure gives various fractions differing in beiling point
and. viscosity. Gaseous high ends, gasoline, naptha,
kerosene and gas oil fractions are removed in this order.
The bottoms from the atmospheric distillation unit is
further distilled under vacuum” to obtain wax distillate
and cylinder stock. The wax distillate obiained from
paraffinic crudes consists of 2 mixture of light bodied
0ils and various wax fractions with nearly the same boil-
ing range. Consequently it is not possible tb separate

“them by distillation.

Wax distillate, the raw stock for the manufacture
of light lubricating oils may contain uptc 30%. of para-
ffin wax and must be freed from it in order to fulfill
pour point requirements for lubricating oils. Most oils '
are dewaxed to a pour point of 25°C or lower for use as
lubricants. The wax is removed by chilling the distillate,
generally mixed with a solvent, and filtering the waz,

The petfoleum wax concentrate obtained from dewaxing

- . (1)
is known as slack wax and contains 10 to 50 percent odl.
Slack wax is of little value as a speciality product
because of its high oil content and presence of low

melting point soft wazes and colour bodiss, In genornl the

PR
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0il econtent of slack wax increases with the viscosity
of feed-stock even though higher solvent dilution ratios

are used with heavier stocks during dewaxing.

L (11,14) ’ |
Commercial processes ~in use for deoiling the

slack wax are sweating, emulsion deoiling, spray deoiling
and solvent deoiling. Sweating process is less efficient
ffactional melting methqd with-poor yielde and the
produbt waxX, in general, fails to me et the specifications
of refined wax for mbst uses. However, the investment

~is low and more econOmicalvfor gmall c¢apacity units than
the solvent deoiling process. Bmulsion deoiling is also
a low cost process from which semi-refined waxes can be
obtained, In spray deoiling process, slack wax is first
melted and atomized to form a dry powder with oil adher-
ing to the surface. The adhering o¢ilis dissolved in =
solvent ueging o system of mixer-gettlers and the wax
from the last settler is freed from the solvent by pass-
ing it through a centrifuge and an evaporator. The process
bocomes uneconomical for feedstock capacities larger than

- 400 barrels per day.(lz)

Modern deoiling units employ selective solvents
for better separation. It is now well esteblished that
the use of an appropriate solvent under prcper cohditionsA
results in the improved recovery of valuabl: high melting
point wax components on'crystallizatioﬁ in an oil free
condition. In this operation, molten slack wax is mixed

with solvent, chilled indirectly in scraped surface
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exchangers and chillers, wax crystals separated on a
rotary filter and the solvent recovered from products
by distillation! It is desirable to have large average
érystal size, a few or no fines =nd dense crystals which
occlude no oil. For good crystal formation, the wax is
crystallized from its solution in the oil-solvent
nixture, slowly enough, partly in scraped surface exch=-
angers and partly in scraped surface chillers. In order
to prevent the formation of fine crystals due to shock
chilling, the solvent injected as incremental dilution
at several points between the elements of the scraped
surface exchahgers and chillers is always close to the
temperature of the slurry at the point of injection.
The amount of solvent used should be only as nmuch as is
necessary to reduce the viscosity of the resulting oil-
solvent solution to the desired value and additional
solvent used for washing or redidpersing. The deoiling
filter opérates at a higher temperature than dewaxing
filters to dissolve gut the low-melting-point soft waxes

which are not desired in refined wax.

Thé suitability of a solvent for deoiling depends
on following desirable characteristics: complete miscibility
with the oi; present in the crude wax, very low solubility
for the wax, absence of swelling or solvation of the wax
crystals, low boiling point and stability with respect

to decomposition on distillation,
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Solvents sugge8ted for fraétional crystallization
of wax are similar teo those recommended for\aewaxing oils
which may consist of a single solvent or a mixture of
solvents.(l3) The solubility characteristics of single
golvents are inflexible and can be controlled only by
varying the solvent=to-feed ratio and the temperature.
Propane, trichloroethylene and methyl-butyl-ketone are
examples of single dewaxing solvents used commercially.
The use of solvent mixtures permits altering their solvent
characteristics by varying their composition. Many com-
binations of aroﬁatic solvents acting'as anti-solvents,
and miscible solvents have been suggested such as benzol
in combination with acetong, furfural, nitrobenzens,

picoline, pyridine or sulfurdioxide.

Ketones have since long been described as good de-
waxing and deoiling solvents(Z); Methyl ethyl ketone and
its mixtures with upto 70 percent aromatics such as
benzene and toluene have been widely in .use. Lower ketones
have the advanfaée of possessing higher filtration rates

and low éolubility for wax but their solubility in water
‘and vapour pressures arc relatively higher. Their oil
solubility characteristics are also poor, thus necessiat-
ing the use of ancther solvent to hold the oil in solution
at low dewaxing temperatures..In MEK-aromatic process,
benzene and toluene act as solvent for oil and the

ketone as the wax precipitant. But use of aromatics with

lower ketones implies loss of the advantage of high
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filtration rates. On the other'hand, with increase in
molecular weight of the ketone, the solubility of oil
in the ketone increases but at the same time ketone
loseg the advéntage of low wax solubility. Higher ketones
being viscous, rate of filtration decreases with the

inerease in molecular weight.

Recent studies on the use of larger mqleculé ketones
have shown that the methyl n-propyl ketone, diethyl
ketone and methyl isobutyl ketone are the three most
attractive higher ke tone solvents. They show better
performance as dewaxing solvents than MEK;aromatic mixt-
ures., The actual magnitude and value Qf this improved
performance depends on a comparison of the two types of
solvents in a specific refining situation(z) . Butler
and Maeleod(l5) observed that an anhydroas mixture.
containing 70 percent methyl isobutyl ketone and 30
percent methyl-ethyl-ketone gives a performance essent-
ially equivaléqt to that obtained with the much more
expensive, yet, up untill now technically preferred

methyl n-propyi ketone.

The use of'MEK-aromatic or MEK~-MIBK mixtures
require a complex solvent recovery system. The potent-
ial advantage of methyl iso-butyl ketone as a deoiling
solvent is the reduced coﬁplexity of the solvent recovery
éystem because water saturated methyl isobutyl ketone
can be used effectively in place of anhydrous methyl

ethyl ketone, Increased sclvent miscibility with higher
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molecular weight foots oil, reduction in solvent
consumption due to reduced vblatility of MIBK,.lower
solvent content of rc jecticn water, reduqéd steam
consumption due to low values of latent heat of vapor-
ization and specific heat, elinination of salt and
drying steps and indigenous availability make water

, (16)
- saturated MIBK very close to an ideal deoiling solvent,

Work has been carried cut at the Indian Institute
of Petroleunm, Dehradun tb investigate the feasibility of
using methyl—isobutyl{ketone for the dewaxing and decil-
ing operations. Kumar, Ghosh and Gulati(l7)‘carriéd out
& comparative study of MIBK and MEK-Benzene~Toulene
mixture (40330530 by volume) for the dewaxing of
Nahorkatiya low and medium viscosity index type lube
raffinates produced by the Barauni Refinery. The impért*

ant conclusions reached by these workers are as under.

~— The substitution of MEK-aromatics by MIBK as dewax~
ing solvent can reduce réfrigeration cost due to much
lower value of temperature differential (Gewaxing temper-

ature-pour point);

— The MEK-aromatic miztures require higher dilution
ratio as compered to MIBK particularly when heavy stocks

are dewaxed.

~— Bven though MIBK hag higher viscosity compared to
MEK-aromatic mixtures, it offers comparable filtration

rates beczuse of the higher dewaxing temperatures.

Al
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—— The yield and quality of the products obtained with
MIBK and MEK-aromatic mixfure are comparable.

(18) studied the production of

Kumar and coworkers
microcrystalline waxes from heavy residual slack waxes
produced by Haldia Refinery during the procgssing of
residual lube stock and from the wax-like solids from the
tank bottoms ét Ankleshwar, Kalol and Navagam oil fields.
Good guality microcrystalline waxes of different grades
wgre obteined by thesé workers using MIBK as a deoilihg
solvent., |
- Gudelis et.al. have reported a2 ney develOpment(lg)
in the field of wax refining. They have developed the
Dilchill Dewaxing Process for ketone dewaxing based on
direct heat exchange with cold solvent in a highly sheared
environment. They observed that highly discrete and stable
wax crystal agglomeratos'aré formed by thie process which
facilitated the separation of wax from oil at high yields
and high throughout.-Relatively large compect crystals
 with very little occluded oil were obtained and the soft
-wax waé found to be deposited conceptually in the form of
layers‘on the nucleus of hard wax in the centre. They
further reported that the outer layers of the crystals
consisting of soft waxes can be removed during warm-up
~deoiling operation without an intermediate deoiling opera-

tion. They claim lower investment, higher dewaxed oil
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yields, potential ability to make refined wax directly
without recrystallization and reduced maintenance and
steadier plant operation as the key advantages with the

Dilchill Solvent Dewaxing-Deoiling Process.
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| CHAPTER 3 -~ EXPERIMENTAL SET UP

-
-

-

- Solvent deoiling studies are carried out batch-

wise in a bench scale unit consisting of the following:

1, Deoiling System,

2. Solvent Recovery System,

- 3.1 DEOILING SYSTEM

éolvent dépiling expériments are cafried cut in
-batch unit capable of processing nearly one kilogram of
slack wax. The unit is similar to that described by
Kumar etwal.(l7’18). It congists bf an.exﬁe;nally heated
- wax mélting-vessel, a jacketed solvent taﬁk, a scraped . _
surface chiller, & filtration vessel and o filtrate

receiver as shown schematicaliy in Figure 3.1.

The following is the description of the important

component units,

3.1,1 WAX MBLTING VESSEL: A stainless steel vessel of
épproximately 1.8 litre‘capacity, about 15 cnm. inside
diameter and sbout 10 cm deep is used as the vessel

for wax melting. It is fitted with a 400 watt heating
mantle., A vériao,(vq;%age regulgﬁorj is used- for controll-
ing the heating rate; TheAvessel'is provided with a cover
which is kept in position with the help of six machine

screws., A half inch outside diameter stainless steel pipe
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welded at the bottom is used to transfer molten wax by
gravity to the scraped surface chiller, A brass glove
‘valve is used to regulate the.transfer of wax and the
two vessels are connected with the help ocf a set of
flanges. The transfer line has been provided with an
external eloctfic heaping coil to preﬁent the clogging
of the line due to the solidification of wax. A variac
is used to control the rate of heat supply. Stirring

" during melting of the wax was not practised because it
resulted in unwanted foaming. Wax temperature is measured
'with the help of a thermometer by insefting it through

s

a cenfral hole provided in the cover.

.3.1.2 SOLVENT TANK: A five litre capacity and about 23 cm..
inside cdiameter and 13 cm. deep stainless steel cylind-
rical vessel with mild steel jacket is used as a solvent
tank. A half inch diameter stainless steel pipe welded

at the bottom of the vessel is used to tronsfer solvent
by gravity to the chiller. A brass glove valve is used

to control the flow of solvent and the two vessels are
conpected with the help of a set of flanges. The transfer

line is insulted with a half inch layer of glass wool,

The vessel is provided .with a stainless steel
cover and twelve machine scrsws are used for tightening.
The cover is provided with two holes, one for stirrer and
the other to transfer solvent into the vessel, and =

1/4 inch outside diameter stainless steel thermocouple
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well, The solvent is cooled by circulating chilled water :
through the jacket. A varisble speed stirrer is used to
imprové.fhe heat transfer rate and to maintain chilled
golvent at uniform temperafure.‘A Stirrcf'equipped with
a fractional horse power universal motor ig used and its
speed is contrelled with the help of a speed regulator.
Temperature is measured with the help of a 'copper ccns-
tanton thermocouple placed inside the thermocouple well
containing small quantity of mercury for proper contact,
The level of thz solvent inside the vessel is read with

the help of a glass tube level gnuge.

TR
i 34143 SCRAPED SURFACE CHILLER: A five litre capacity

_ and about.19 cﬁ. inside diameter and 19 cm, deep stain-

. lesgs cylindrical &essei‘ﬁith mild stecl jacket is used
as a éhiller. Wax=-gsclvent mixture is coglod by circulat-.
ing chilled water through the jacket. Ingide the chiller,
a stainless steel slotted scraper blade rotates so as to
scrape the inner surface of the vessel, The clearance
between the scraper blade and the chiller surface is
kept to a mininum in order to prevent the build-up of
wax layer during crystallization on the inner Surfaco~

of the chiller. Build up of ﬁax layer adversely affects
the heat transfér rate. Rate of ccbling during crystall-
ization is controlled by varying the temper-ture and the
rate of coolant recirculation through the jacket which

is insulated on the outside with about one inch layer of
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glass wool,

| The vessel is provided with a stainless steel
cover and the cover is kepﬁ in position using twelve
1/8 inch machine screws. 4 hole is provided in the centre
of the cover for the rotating scraper blade shaft. Two
half inch outside diameter stainleés steel tubes are
welded to the‘cover and are connected tc the transfer
lines coming from the wax melting vessel and the solvent

tank., The stainless steel cover has two rectangular cne

and half inch by two inch slots and these are covered

with'péfspéi. These slots are uSed'as peep~holes'%o

watch the fdrmation'and'gfow%h.of the crystals and the
movement of the screper blade during the run. One cf the
slots is also used to transfer the ﬁax cake obtained fronm
first stage crystallization and filtrati-on for repulping
with fresh solvent. In order to determine the temperature
of the solvent;wax slurry at any time during the crysta-
llizafion, 8 copper-constanton thermccouple has been
provided. The thermocouple is placed in an open end

1/4 inch outside diameter stainless steel tube welded
vertically to the cover. The scraper blade is provided
wvith two vertical slotes of suitable dimensions so that

its rotation is not obstructed by the thermocouple well.

4 0,5 horse power motor fitted with a reduction

gear and pulley system is msed ag a drive for the

scraper blade, Three-jaw chuck is used 1o hold the
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gcraper blade shaft'and its speed could be fixed at

gither 16 or 32 or 64 revolutions per minute.

A one inch inside diameter stainless steel pipe
has been welded at the'bottom of the chiller to ccnnect,
‘using a set of flanges, the chiller with the filtration
véssel, A gate valve is provided to regulate the
.trensfer of wax~-solvent slurry. The waﬁ—solvent.slurry is
transferred by gravity from the chiller to the filtration

vessel.

3.1.4 FILTRATICN VESSEL! This is also a five litre
capacity and 19 cm. inside daimeter and 19 cm. deep stain-
less stecl cylindrical vessel with mild stcel jacket. The
vessel is provided with a stainless steel cover which is
opt in poéition with the help of twelve l/8'iﬁcﬁ machine
ééfews. The pipe connecting the vesSel with the chiller

is welded with the cover. A similar pipe is welded at

the bottom of the filtration vessel to connect it to the

filtrate receiver.

Inside the vessel, a perforated stainless steel
plate with Tive millimeter holes at eight centimeter
apart in a triangular pitch has been welded at a distance
of six centineters from the bottom of the vessel. Filter
~cloth, cut to prop>r size, is placed over the perforated
rlate and is kept in position with the help of a stainless
O—fing; placed over the filter cloth, and six 1/8 inch

brass machine screws.
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A 1/4 inch outsid? diaretér stainless steel tube
with opén ends is welded to the inside of the cover %o
keep‘é copperaconsfahtoh‘fhermocouple for.temperature
measurement during filtration. The thermocdouple bead
is kepf outside the tube at a distance less than half
centimeter above the filter cloth so that the temperat-
ure could be measured during filtration accurately.
Filtration temperature is maintained by coﬁfrolling the
. temperature and the flow rate of coolant Circuiating
through the jacket which is insulated on outer side with
about one inch layer of glass wool.

& 15 cn, diameter ring made of 1/4 inch outside
dismeter dopper tube with seventeen 1/16 inch holes
and 8 cm. straight vertical end is fitted to the ¢dver.
“The ring is positioned about 5 ca below the filteration
vessel cover and is used to spray solvent above the wax

cake for washing operation.

3;1;5'FILTERATE RECDIVER! A five litre capacity and
about 23 cm; inside diameter and 13 cm deep cylindrical
stainless Steel vessel is used as filtrate receiver: It
Hes Beehi provided with & leak proof stainless steel cover
~ Secured tightly with the help of twelve machine screws
and backing flanges using a rubber gasket in between.

It Has been placed juét below the filtration vessel; A

- one inch diameter staihless steel pipe is welded with

the cover to connect it to the bottom of the filtration
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vessel, using a set of flanges. A brass gate valve is

also provided in the transfer line to regulate the flow.

A stainless steel half inch outside diameter pipe

is welded to the co&er to connect the filtrate receiver

to a portable vacuum pump. To facilitate the filtration,
o vacuum pump of approximately 360 mm of Hg is maintained
inside the vessel. 4 vacuum gauge is provided to read the

actual value of the vacuum during cach filtration run.

A half inch diameter stainless steel pipe with a

. brass gate valve in between is welded at the bottom of

the vessel and is fitted with a brass gate valve. The
filtrate is removed from the filtrate receiver by opening

this valve at the end of the filtration after breaking

- the wvacuun.,

.3.1.7 TEMPEﬁATURE MEASUREMENT SYSTEM: The tenperatures

of methyl-isobutyl-ketone in the solvent tank, wax-
solvent slurry in the chiller and the wax cake in the
filtration vessel are measured by separate copper-
constanton thermocouples provided for the purpose. The
thermocouples are connected to a six point Toshniwal.
selector switch to facilitate easy measurenent of the

desired temperature at any time, The temperature of the

" molten slack wax and liquid temperatures during disti=-

‘1lation for solvent recovery are directly measured by

thermometers of suitable range.
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3.2 SOLVENT RECOVERY SYSTEM:

The deoiled slack wax cake a8 well as the flltrate
containing o0il, low melting soft waxes and solvent are
obtained during deoiling experiments and are stripped
off the solvent by distillation using inert stripping
gas. It is essential to strip the solvent from the wax
and the filtrate to get the product wax of desired speci-

fications and also to recover the valuable solvent.

Recovery of the solvent fror the wax and the filtrate
is done by éeparete distillation under nitrogen blanket
to prevent oxidation, The use of nitroéen as stripping
gas also permitted nore or less complete removal of
~ solvent at temperatures below 130°C. The solvent recovery
pysten is shown schematically in Figure 3.2. It consists
of a three necked distillation flask with o thermo-
meter of O-200°C renge, a heating mentle and = sparger
for nltrogen, a glass condenser te condense the sclvent
vapours anﬁ a solvent rece1v1ng flask. Tap water is all-
owed to flow continuously throu h the condenser to
condense essentially all of the MIBK vapours. Nitrogen
flow rate is sultably controllod to 11mit the temper*ture
during distillation below 130°C -in order to prevent
deterioration in wax properties. The heating rate is

controlled by using a variac to prevent excessive boiling.
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CHAFTER 4
- BXPERIMENT AL PROCELJRE

4.1 FIRST STAGE DEOILING

Avrepresentative Sample‘of approxinately 400 grans
of slack wax.is taken for a bench scale deoiling experi-
ment. In order to break the existing crystal structure,
slack wax in é glass beaker is heated tc a temperature
10 to 15°C above its melting point by placing it over a
heating mantle and then the molten wax sample is trans-
ferred to the wax melting vessel., The exact weight of
slack wax feed is determined by noting the weight diff-
erence of beaker, thermometar and wax before and after
the wax semple is transferred. Measured quantity of
~solvent iskeated separately to 45°C and is maintained at
that femberature, aftér trénsfé}ring it to the chiller,
_byvcirqulafigg hot”wate;‘through its jacket. The amount
of solvent taken initially'depehds upon the solvent-to-
feed ratio and the weight of the slack wax sample used
for the run., Melted slack wax is transferred to the’
chiller while the scraper blade is rotating. Initial
solvent temperature of 45°C is found to be sufficient
to keep the wax-oil-solvent mixture in a completely
homogeneous liquid phase before the solution is chilled

under controlled rate of coocling for wax crystallization.

The additional quantities of dilution solvent
are added at desired temperatures and stages of crystall-
ization. It is usuwal to add the first dilution solvent

increment at a stage where crystallization process has
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just sot in. A preliminary run indicafec that it 18
desirable to add first dilution solvent increment when
the temferature in thé chiller falls to 3OQQ. Since the
tenperature of the solvent is close to 30°C, it is

added without any precooling. The second dilution

solvent increment is added at the final deoiling tenpera~

ture after precooling the solvent in the solvent tank

close to the final deoiling tenmperature.

4

On attaining the desired deoiling temperature and
after adding the final dilution solvent increment, the
coolant recirculétion\rate is reduced just sufficient
fo keep the temperature constant. Slurry is allowed to
remain at this.teméerature in the chiller for about
twen¥y”ﬁi;§tes é& erystallize the wax into well formed
:bryé%aié§ Tﬁé glurry is %ﬁéh?ﬁféﬁsferred to the filtra-
tion vessel which is kept cool at the desired femperatﬁre
by circulating the coclent through its jocket. It is
important thet the temperature of the slurry does not
change muéh during the transfer cr during the filtration.
Filtration is carried out under vacuum by connecting
the filtrate receiver directly to a 0.25 horsepower
portable vacuum punp. Filtration is carried cut for 90
seconds aﬁd filtrate is removed from the filtrate
receiver after breaking the vacuun. The gquantity of the

filtrate collected is measured.

Por washing, measured quantity of wash solvent

maintained at the finel deoiling temperature is sprayed
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over the wax cake in the filtration vessel., Filtration
is again carried out for 90 seconds and the wash filrate

is similarly removed and measured,

| 0f the total solvent used for deoiling, two or
three times the quantity of slack wax for solvent~to-
wax ratics of 2i1 or i1 recwertively, £70v varcent is
taken initially and twentj five percent cach is added
as the first and second dilution solvent incrementvs. The

ratio of wash sclvent-to-slack wax is taken as 0.75:1.

The cake is scraped off from the filter cloth and
a portidn, norrmally twenty five percent of the wax cake
.obtained, is removed %o find the 0il content and other
propertiecs of the wax obtained from a singie stage de~

ciling and washing.

4.2 STHCOND ST/LGH DEOILING

fpproximately seventy five percent of the wax
ceke obtained from first stage deoiling is transferred
to the’chiller through one cof the recfangular slots
provided for this purpose in the chiller cover. Measured
qﬁént;ty of solvent, one or one and half times the
QQaﬁtity of slack wax for solvent-to-wax ratios of
'2i1 or 3%1 respectively, at the final deoiling femperature
is added for second stage deoiling. The slurry is main-
tained at this temperature for nearly twenty minutes
and then transferred t¢ the filtration vessel for

filtration and washing as described previously. The wax



cake from the second stage déoilifig is scraped off
from the filter cloth and is used to find oil content

and other properties.

4:% RECOVERY OF SOLVENE

The quentities of the deciled wax and foobsoil
(or the reject stock) are obtained from first-stage
" or two=stage deoiling after s%ripping off the solvent
from the wax cake and the filtvrate respectively.
Recovery of solvent as cotipletely as possible is also
important from the point of view of oversll economics
of the process: The wax cake and the filtrate 9Btaiﬁed
fron different deoiling stages are separately distilled
g inig nitrogen as the stripping gzs. The ratesof the
heat input end the nitrégen flow Fate are controlled
o ﬁrevent'excGSsivé boiling ad well as to maintain
digtillation temperature below 13606;7For complete
”;ééévefy of the solvent, nitrogéh flow rate is incfeased
towards the end of the distvillation ond the aistillation
is continued $ill solvent drops éease to appear ot the
condenser exit, After the cotiplete rscovery of the
golvent, exact weight of the deciled wax and the focts
0il is determined by stibtrocting the weight of the
enpty f£lask from the weight of the distillation flask
dotitaining wax or foots cil. |

The samples of the deoiled wax sbtained after

distillation ave kept in glass bottles for subssequefit
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analysis to determine the oil content and other physical
properties of the prcduct wai such as melting point,

refractive index and viscosity.

4.4 OIL CONTENT ANALYSIS

0il contént analysis of the deoiled wax samples
‘has been carried out at the Indian Inétitute of Petroleum,
Dehradun. Test procedure describéd in Joint ASTM-IP '
Standard No.ASTH D721-IP 158/66T and adopted in IS14654-.
1968 Specification For Paraffin Waz'°l), is followed for
the determination of o0il content. As outlined in the
method, the sample is dissolved in methyl ethyl ketone,
the solution cooled to -32°C to precipitéte the wax and

filtered. The oil content is determined by evaporating

the methyl ethyl ketone and weighing the rcsidue.



CHAYTER 5
RESUIMS AND DISCUSSION

Barauni slack iax normally contains 10-13Y, oil
and has a melting point in the range of 62-64°C, The
general specifications are given in the Table II.1 in
Appendix T, High melting point and predominantly paraff-
inic nature of the.base stock indicateé that the amount
of soft waxes must not be iarge and a good quality hard
paraffin &ax could be obtained on removal of o0il. Since
the melting point of the slack wax already meets the
gpecifications of all the four *types of paraffin waxes
given in IS:4654, Indian_specification'for Paraffin Wax(zl),
Table I.2 in Appendix I, the deoilitig conditions are
primarily chosen with the aim of achieving the product -
Quality with respect to oil content.

. ‘he 0il content of “ae Barauni slac wax sample .
uSed.for experimental inveétigations is 12¢4'per0ent(22l,
Details of the cxperimental data obtained from laboratory
Bench scale deoiling experiments are given in Table II.1
and II.2 in Appendix II. The data is collected for four
" different deoiling temperatures, 50,100,130 and 20°C and
two different solvent-to-slack wax ratios, 2:1 and 3%:1.
Experimeﬁtal data and caleulatced results for tWo-stage
deoiling experiments, Run Nos. 5-22 to 21.32 are summarized
inaTable 5-1, The data obtainel during the first four
.trial runs, Run Nos.l¢22.to 4,22, for singlc stage deoiling

experiments are not included in Table.5¢la
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The actual total yield of product wax and oil
varied from 95 to 101.5 percent weight of the slack wax
used except for Run Nos:9.22 and 12.22 which show yield
values'of less than 95 percent. The average yields for
all the seventeen runs reported in Table 5.1 are 96.81
and 97.647, wt. £ ~ck wax for l-stage and 2-stage respect-
ively.The yield v~Tuees are slightly lower for first-stage
deoiling operations as compared to two-stage deoiling
operation because ohly twen%y five percent of the wax
cake obtained after the first-stage filtration and washing
is used for product wax recovery as against seventy five
percent used for repulping and second stage filtrationm,
wasﬁing and product wax recovery. Considering the number
of operaticns involved in deoiling experimentg and the
problems associated with the handling of thick slurry, the

above yield valﬁes are quite satisfactory.

The Table 5.1 also gives the corrected values of

product wax and foots oil yield by neglecting the losses.

These corrected values are more meaningful than the actual
values because they neglect the error of measurements

and the losses in material handling.

As indicated previously in Section 4.4, the o0il
content analysis of the deoiled wax sample is carried
out at the Indian Institute of Petroleum, Dehradun. 0il
content analysis of each sample takes nearly six hours

and require large quantities of solid carbon dioxide (dry ice)
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for chilling upto -3290. Due to time corsuming and
expensive nature of the analysis and because of non-
availability of the facilities in our laboratory, only
sixteen deoiled wax samples out of & total of 38 samples
could be analyzed for the oil content. Even for these
samples duplicate analysis could not be carried out to
check the relisbility of the analyticel results. It is
also important to note that the.accuraoy cf oil content
analysis is quite low for wax of low oil content. The I.3.

(21) gives the following

Specification for Paraffin Wax
values for the repeatability and reproduvcibility of the

analytical results for oil content:

Repeatability = +(0.06 + 8 percent of mean value)

Reprcducibility= +(0.20+11 percent of mean value)

Accordingly, the analytical results on cil content of
e wax sample with 0.5 percent oil can vary between 0.247

and 0.755 percent.

It is algo observed, as discussed in Section §,85,
that the reliable estimate of the oil content values
of the deoiled wax sampies is not possible from refract-
ive index for oil content values of less than two

percent.

5.1 PRODUCT WAX YIELD
Fig. 5.1 shows the variation in procduct wax yield
with deoiling temperature for first-stagce and two-stage

deoiling operations for solvent-to-slack wax ratics of
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2.1 and 3:1. For more meaningful interprotation of
results corrected values of yield are used in place of

the actval yield values.

l5.1.l EFFECT OF TEMPERATURE: It is observed that the
increase in deoiling temperature results in a decrease

in product wax yield both for first-and two-stage'
deolling operations at solvent-to-slack wax ratios of

331 and 2:1. In nearly all cases.the decrease in

product wax yield is relatively small when the deoil-

ing temperature is increased from 5°C to 10°C. The
decrease in yield becomes more significant as the *  rnowes
urc is increased to 15° and 20°C. Increase in wax solu-
bility and removal of soft waxes are primarily respons-
ible for lowerlproduct yields at higher deociling tempera-
tures. waever, the product wax yields higher than

71 percent at deoiling temperature as high as 19ﬁjsugge§t
that the amount of soft waxes in Barauni slack-wax is

not large and its melting point, 60-64°C, is hight enough
to meet the specifications of all the four types of
paraffin waxes(Zi)ﬂ | |
5.1.,2 EFFECT OF SOLVENT-TO~-SLACK WAX RATION: The effect
of increasing the solvent-to-slack wax ratio from 2:1 to
3:1 is to decrsase the product wax yield but the decrease
ie not very appreciable for two-stage deoiling operation
»for deoiling temperatures of 15°C or less. it 20°C, the
product wax yields are nearly three percent lower for

solvent~to slack wax ratio of 3:1 as cormpared to 2%1
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probably dﬁe to more efficient removal of soft waxes

in presence of larger quantities of the solvent.

For first-stage deoiling operation at 5°C and
20°C the product was yields are slightly lower at the
higher solvent-to-slack wax ratio, but at 10°C and
15°C the preduct wax yields are found to be nearly 1.7
percent higher for solvent-to-slack wax ratio of 3i1
as compared to 2:1. No explanation can be suggested for
this unusual behaviour at 10° and 15°C beoause'larger.
amount of wax is expected to go into solution as the
quantity of solvent and the deoiling temperature are

increased,

5.1.3 EFFECT OF NUMBER OF DEOCILING STAGES: For solwvent-
to-slaek wax ratio of 3%:1 the nature of the product wax
yield versus temperature curve in Fig,5-) for first-
.and two-stage deoiling operation is similar with two-
stage yields remaining lower by about 5 to 6.5 percent,
The difference in yields increases from 4,87 percent to
6.52 percent with'increése in .deoiling tempefature from

59 to 20°C.

Fbr solvent-to-slack wax ratio of 2:1, the procduct
wax yields.are 3.4 tc 4.6 percént lower for two-stage
deoiling as‘comparea to first-stage deoiling. The diff-
erence in the two yields again shows an increase with
increase in deoiling temperatures except at a deoiling

temperature of 500.
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The loss in product wax yields of 5+1.5%. in
the two-stage deoiling can not be attributed, in general,
to the decrease in oil content and the solubility of high
meling wax in the solvent alone, It appéars that additional
quantities of soft waxes are removed during the second-

stage of deoiling.

5.2 0IL CONTENT IN PRODUCT WAX:

Figure 5(2 shows the variation in oil contént; as
weight percent,of produdt wax with §eoiling temperature
for two stage deoiling operation at a solvent-to-slack
wax ratio of 2:1 only. First-and two-stage deoiling oil
confegt values of run No.8.22 and two-stage deoiling oil
content value of run No.5.22 are not shown in the
Figure 5.2 because,_solvent'quantities less than the
norma’. are used in the first-stage and the second-stage
deoiling operations respectively. In view of the limited
number of samples analyaed for 0il content and the
absence of dupllcato 0il content analysis for the samplcs
analysed, it is difficult tQ draw very definite conc-
lusions. However, the following general observations

can be made.

5.2.1 EFFECT OF TEMPERATURE: For a solvent-to-slack
wax ratio of 31, 0il content of the product wax obtained
in a two-stage deoiling operation does not exhibit

any appreciable variation with temperature,
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variation in oil content from 0.37 to 0:48 percent in
d301led wax samples suggest that any deoiling temperature
between 5% 40 20°C can be chosen at a solvent-to-slack
wax ratio of 3il. It appéars that the use of higher
temperature is only marginally advantageous. For a solvent-
to-slack wax ratio df 2:1, the 0il content of the product
waXx obbtained in a two-stage operation is observed to
decrease slightly as the deoiling temﬁerafure is increased
frpm 59C o 1500. However, the higher oil content of
product wax sample deoiled at 19°C as compared to that
dgoiled at 15°C makes it difficult to draw any firm conc-
lusion.

For solvent-to-slack wax ratic of 251, o0il content
valueg for some samples obtained after the first- stage
Hd801llng are also shown in the Figure 5.2. The oil content
value of product wax deoiled at 10°C is glightly lower as
compared to that obtained at a deoiling temperature of
SOCQ But the produc¢t wax from first-stage deoiling at 19°C
ghows an vhusually high 6il content for which fio logical
explanation is available. It appears that the poor firet-age
deoiling operation; for Some unknéwn reagons, is parimarily
Fesponsible for the unusually high 6il content in the
pfoduct wax obtained from first-stage and two-stage deoiling.
operation for solvent to §lack wax ratioc of 231,

Tiedje and Macleoég) reported that the miseibilify
tempersture of 2%1 mixtures of methyl isobutyl ketone and

0il is less than -20°C even for the most viscous oil
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(viscosity of 111.9 S.5.U. at 99°C). Deoiling tempera-
‘tures used in the present investigation are high enough

. to have complete miscibility of oil in the_solvent.
Therefore, the tehperature can affect the o0il content of
product wax obtained from deoiling operation only thrdugh
its effect on slurry viscosity. At = higher solvent-
to-slack wax ratio of 381, the slurry is dilute enough

and the use of lower deoiiing temperature does not affect
the crystallization, filtration and washing characteristics
appreciably. Accordingly, oil content values are essent-
ially unaffected by the deoiling temperatures in the

range of 5° to ZQOC, But at a lower solvent-to-slack

vax ratio of 2:1, the slurry is much more viscous mnd the
use of lower deoilihg temperature adversely affeéts the

wax cf&stallization and enhances the tendency to form
agglomerates with poor filtration and waching character-
istics. Therefore, the 0il content in the deoiled wax
product is expected to increase with decreasing deoiling

temperature at low solvent-to-slack wax ratio.

5.2.2 EFFECT OF SOLVENT-TO-SLACK WAX RATIO.

:Figure 5.2 shows the effect of solvent-to~-slack wax
ratiobon the oil content in the produét wax obtaine@ from
two-stage deoiling opération. Higher solvent~to-slack
wax ratio of 3:1 results in product wax with oil content
about one percent lower as compared to thot obtained at a

solvent-tpleack wax ratio of 2:1. The difference in oil
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cbntenf is more.significant at lower deoiling tempera-
tures because of poor crystallization and increasing
_ tendency to form agglomerates with entrapped oil due to
higher slurry viscosity at low solvent-to-slack wax

ratio., Nothing can be said regarding the effect of
solvent ratio on product wax from first-stage because oil

content analysis is not available for first-stage and solve
ent-to=-slack wax ratio 3:1.
If it is assumed that the entire quantity of

wax present in the slack wax 1® recovered as the product
wax, no wax crystal agglomerates entrapping oil are

formed, oil mixes comﬁletely in the solvent, cake poro-
sity is constant and thé oil—soivent solution in cake
mixes completely with repulp solvent and wash solvent
during repulping and washing respectively, fhen the

0il content in the product wax can‘bé calculated theore-
tically. Details of these calculations and the validity
of various assumptions used in the model are given in |
Section 5.4. The calculated values of the oil content in
product wax obtained from'first—Stage and two-stage-
deoiling operations at solvent-to-slack wax ratio of
2lare 2.67 and (.60 percent and corresponding values

at solvent~to-slack wax ratio of 331 are 1.79 and (,32
percent, if slack wax contains 12.4 percent oil and the
wax caké porosity ié 0.5, According to these calculations
a solvent-to-slack wax ratio larger than 3.5C¢i1 is
required to obtain a product wax containing less than

0.25 percent o0il from two-stage deoiling operation,
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5.2+3 BFFECT OF NUMBER OF STAGES:

- For a solvent—to-slack wax ratio of 2:1, oil
‘content analysis is carried out for the product wax
Sémples from first-stage as well as two-stage deoiling
operations. From Figure 5.2 it is’cleér that the two-
stage deoiling gives product wax of much lower oil
content as compared to one-stage deoiling product waX,
irrespective of the deoiling temperature. The second-
stage deoiling operation reduces the oil content by
0.7, 0.8 and 3.2 percent at 5°, 10° and 19° C deoiling
temperatures respectively. Due to an unusually high
value of o0il content, 4.36‘§erbent, in product wax frdm
first stage deoiling at 19°C, a larger quantity of oil
is removed in the second stage showing a reduction in

0il content value by 3.2 percent.

From theoretical calculations; bascd on the model
developed in Séction 5.4, it is observed that for a slack
wax with 12,4 percent o0il and cake porosity of 0.5, the
0il content after crystallization and first filtration
is 4.97 percent and 4.43 percent for solvent-to-slack
wax ratios of 2:1 and 31 resbectively. Each subsequent
washing, for = wash solvent-to-slack wax ratio of 0.75,
reduces the oil content to 51.1 percent of its initial
value and each'subsequent repulping and filtration reduces.
the 0il ccntent to 44.0 ox 34.4 percent of the oil
content value in wax cake feed to repulping stage depend-x

ing upon whether the repulp solvent-to-slack wax ratio of
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11 or 1.5:1 is used. These calculations indicate that
in order to reduce the oil content to 3.5 percent, as

(21), first stage deoiling at

gpecified for type 4 wax
a solvent-to-slack wax ratic-of 2:!1 along with a single
washing will be sufficient; to reduce oil content to

(21),.two—stage

0.5 percent, -as specified for type 3 wax
deoiling at a solvent-to-slack wax ratio of 3:1 with
single washing at each stage will be sufficient and

to reduce the o0il content to below 0.25 percent, as spec-

(21)

ified for type 1 and type 2 waxes , a three-stage
deoiling with solvent-to-slack wax ratio less than 2.1
or else a two-stage deoiling with solvent-to-slack wax

ratio of 3.5:1 is required.

5.3 RELATIONSHIP BETWEEN OIL CONTENT AND PRODUCT
WAX YIRID:

Figufe 5.3 represents the variation in product
wax yield as a function of its oil content for two-
stage deoiling operation and solvent-to-slack wax fatio
of 2:1 and 3:1, For a solvent-to~-slack was ratio of 2:1,
the data show a considerable slope,but product wax yi~ld,
in general, decreases with decrease in oil content
value. For a solvent-to~slack wax ratio of 3%:1, tﬁe
effect of product wax yield on oil content is not
'significant and can be considered tOrdec?ease only
marginally with decrease in the yield. The product wax
yield may decrease due to decrease in o0il content, due

to increase in wax solubility in the deoiling solvent
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at increaaing_deoling temperature and solvent quantity

or due to the removal of additional quantities of soft
waxesvat'higher temperatures. It appears that at solvent-
‘to-slack wax ratio of 31 or'higher, increase in deoiling
tenperature from 50 to 20°C does #ot change the oil
content appreciably but reduces the yield significantly
becauée of the removal of additional quantities of goft

waxes.

5,4 SIMPLIFIED MODEL FOR WAX DBOILINGS

Theoretical ¢alculations can be made to estimate
03l oontent of the product wax using a model based on

orystallization and mixing characteristics of wax-oil-

a*

solvent system, the product wax yield, cake porosity,
slack wax 0il content and the quantities of solvent used
at various stages. Details of the simplified wax deoiling

model and computed results are given in Appendix-III,

Figure 5.4 shows the estimated wvalues of percent oil |
content in pfoduct wax as a function of solvent;to—slack
wax ratio for first-stage; two-stage and three-stage de-
oiling operations and for the adsined cake porosity volues
of 0:4 and 0.5, In order to obtain product wax of_0.25
peréent oil content, for wax-cake porosity of 0.5,

‘Figure 5.4 shows the solvent-to-slack wax ratio values of
3.5: and 1.35%1 will be required for two-and three-
stage deoiling operation fespeqtively. A two~-stage deoil-

ing operation at SOlV@ﬂt-tO*élaCk wax ratio of 1.75:1
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will be sufficient to produce product wax of 0 25 percent
oil content if the wax-cake porosity is only 0.4. However,
the oil content of the product wax will be adversely
affected by the usé of solvent-to-slack wax ratio values
of less th;n 2:1 due to poor wax crystalliéaﬁion and
repulping and =also for wax of low borosity.due to poor

washing and repulping.

5.4.1 INPROVEMENTS IN WAX-DEOILING MODEL:

The simplified model is unréalistic because of the

following reasons:’

1, Slack wax always contains some soft wakés‘whioh
are removed during deoiling. The extent of the refoval of
soft waxes depends on the deoiling temperature.

2. Hard wax is soluble to some extent in the solvent,
For any given solvent, hard wax yield as product wax

will decrease with increase in deoiling temperature as well

a8 with increase in solvent-to-slack wax ratio.

3. Wax crystals w111 have a tendency to form loose
agglomerates dvuring crystallization. The oil-solvent solu-
- tion entrapped in the wax crystals can not be easily

removed during washing.

4, Some cracks invariably develop during filtra-

tion which reduce the filtration and washing efficiency.

5. Washing operationis usually much less efficient

than repulping operation,
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6. Porosity of wax cake will depend on the filtra-

tion and washing conditions.

7. Formation of wax-cake of very low porosity is
not desirable due to poor washing and repulping character-

“istics.

8. Deoiling is adversely affected at low temperatur-
es, especially at low solvent~to-slack wax ratio due %o

increase in slurry viscosity.

Some of the improvements can be easily incorporated
to develop a more realistic wax deoiling model if reli-

able relevent data is available.

5.4.2 MODIFIED MODEL FOR WAX-DEOILING BASED ON ACTUAL
WAX~-CAKE, YIELD VAIUES:

Due to paucity of data it is not pdssible‘to Rt T
rprete all the modifications necessary in the model.
~ However, an attempt is made to calculate the o0il content
values in produgt wax using the experimental values of
wax cake and product wax yields for each run. Details of
the modified wax deoiling model based on the experimental
yield values are given in Appendix III. Table 5.2 gives
experimental values of o0il content and wax cake porosity @
along with the values of oil content using modified wax

deoiling'model.

For solvent-to-slack wax ratio of 3:1, estimated
values of 0il content for a two-stage deoiling operation

varies in the ranée of 0.14 to 0.26 percent as compared
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to the experimental values of 0.37 to 0.48 percent.
 Considering the fact that the reproducibility of oil
content analysis for low oil content values itself is
quite poor.as indicated earlier , the applicability

of the model can be considered as reasonable. However,
since the estimated values of 0il content are always
lower than the experimental wvalues, considerable refine-
ment in deoiling model is possible by using réalistic

‘values for repulping and vashing efficiencies.

For solvent-to-slack wax ratio of 2% 1, estimated
:ﬁ§alues for 011 content for a two-etage deoillng operation
varies in the range of O 12 to O 50 percent as compared

to experimental values of 0.51 to 1.64 percent. The appli-
cability of the modified model for deoiling is distinctly
poor in this case. Probably, low wax~cake porosity is
responsible for poor repulping and washing efficiencies
and, therefore,‘actual(experimental) 0il content walues
are, in general, 1.010.4 percent higher than those pred-

icted by the model.

For first-stage deoiling operation only limited
analytical results are available for oil content in
product wax. However, it is rather surprising that the
actual (expeﬁimental) values of oil content are lower,
except for Run No.13.22, than those predicted by the
model. More experimental verification is necessary before

offering any explanation for this unusual behaviour.
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Table 5.2 BEstimated Oil Content Values Based
on the Modified Wax Deoiling Model

‘Estimated Values

?g%zent | - Experimental Values 'of 0il content,
slack | Run | Porosity @ 0il content,percent percent
wax | No. [First- | Two- First-  |Two- | First- i Two=
Ratio stage ' stage |stage istage stage stage
n :deoiling  deoiling|deoiling |deoilingideoiling  deoilimg
) : : !
i SR R R R | L
3;1 15032 0565 -511 Na.l.fl. 0039 1061 0126
17.32 551 .429 N. A, 0.46 1.91 0.18
19.32 «545 460 N. A, 0.48 1.83 0.21
i1-32 514 44| N. A. 0-37 I+ &7 o 4
2.1 11.22 .483 421 2.08 1.38 2.30 0.23
10.22 .469 450 1.83 1.10 2,09 - 0.33
8.22 .488 411 3430 0.79 4.09 0.39
13.22 .440 .400 4.36 1.12 1.75 0.20
12,22 ,355 .349 N. 4. 1.50 1.04 0.12
9.22  .493 <397 N. A, 1.64 2.44 0.26
7.22 445 .552 N. fi. 0.51 1.77 0.50
5.22  .454 512 N. A, 1.52 1.89 0.42

N.A. - not analysed.

. -
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5.5 REFRACTIVE INDEX AND OIL CONTENTS:

The standard method used for the determination of
0oil content is discussed in Section 4.4. The procedure
is not only expensive but also takes nearly six to eight
hours for each analysis. Possible use of the refractive
index for analysing oil content(24) in product wax sample
is very desirable and, therefore, refractive index of all
wax samples is determined at 75°C using Carl Zeiss Jena
" Refractometer and Veb Prafgerate Werk Medingen Tharmostat,
Table 5.3 gives the refractive index values at 75°C for
all the samples. In Figure 5.5 the experimental‘vglues of
0il content, as determined by the standard method, are
plotted against the refractive index values. For oil
content values higher than 3.5 percent, a linear relation-
‘ghip between oil content and refractive index is observed
upto 12,4 percent oil consent in slack wax. However, for
0il content in the rahge 0 to 2 percent not only the
deviation from straight line is large but also scatter
~in the data is so much that the refractive index is not
useful even for estimating the approximate value of oil
content. The reffactivé index can, therefore, be used‘
only for routine checking to reject product wax samples
of high oil content, For the production of paraffin wax of
Types 1,2 and 3 it is necessary to use the standard method

for oil oontent‘determination.
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Table 5.3 0il Content 7alues on the basis of R.I.
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and as devermined by Standard ASTM method.

First-stage Deoiling

Two-stage Deoiling

R . 7
- Refractive |0il percenti 0il percenfRefractive ;0il percemt 0il per-
No. | Index bﬁged on by Szgnda- Index ° |based on | gent by
0 I, red ASTM 0 R.I. ; vtandard
at 157°C method at 75°C i ASTM
i _method
1.21  1,4335 2,00 N. 4. ‘N.A. N. 4, N. A,
2.21 1.4345 3,85 N, A, N.A, N. &, N.A4,
3.2 1.,4341 3.15 N.A. No 4 N. Ad N. A.
4,21 1.4341 3.15 N.A. N.A, N. 4. N.A.
5.22  1.4340 3,00 N. A, 1.4334 1.80 1.52
6,22 N L. N. A, N, A. 1.4331 1.10 N. A,
7.22  1.43%5 2.00 N. 4. 1.4330 0.90 0.51
8.22  1.4340 3.00 3.3 1.4328 0.35 0.79
9.22 1.4340 3.00 N. A 1.4332 1.35 - 1.64
10.22 1.4335 2.00 1.83 1.4330 - 0.90 - 1.10
Fle22  1.4333 1.60 2,08 1.4332 1.35 1,38
12.22  1.4350 4,65 N. A, 1.4336 2.20 1.50
13.22  1.4349 4,50 4.3 1.4331 1.10 1.12
14,32 1.4350 4.65 N. L. 1.4335 2,00  N.A.
15.32  1.4347 4,20 N, 4. 1.4332 1.35 0.3
16,32  1.4346 4.05 N.A. 1.4333 1.60 N. A,
17.32  1.43%6 2.20 N. L. 1.4327 0.05 0.46
18.32  1.4340 3.00 N. A. 1.4333 1.60 ‘N. A,
.9.32  1.4345 3.9C N, A, 1.4332 1.35 0.48
20.32  1.4344 J¢715 N. 4. 1.4334 1.80 N. A,
21.32  1.,4338 2,70 N. A 1.4330 0.90 0.37
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CHAPTER 6

CONCLUSIONS AND RECOMMENDLTIONS ’

6.1 CONCLUSIONS:

The present investigation leads to the following

important conclusions:

1,

é‘

3.

Methy-isobutyl ketone is an effective deoiling
solvent and can be used with advantage for the

deoiling of Barauni slack wax.

In deoiling temperature range 5° to 20°C the
product wax yleld is adversely affected by the

increase in deoiling temperature. Decrease in

' yield is much mora pronounced at deoiling tempera-

ture 15°C or higher.

For solvent-to-slack wax ratios used in present

. investigation, namely, 2:1 and 3:1, lower product

4.

wax yields are obtained at higher solvent-to-slack
wax ratio. Difference in the yield values depend on
depiling temperature and becomes appreciable at

20%¢,

Deoiling temperature in the range 5° to 20°C
haﬁnoéﬁjﬁct‘effecf on the product wax oil content,

However, at lower solvent-to-slack wax ratio of

231 higher oil content is expected at low deoil-

ing temperature due to increase in slurry

viscosity.
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5. For two-gtage deoiling operation and at solvent-

6.

to-slack wax ratio of 311, product wax oil
content can be predicted with rcasonable acc=-
uracy using a simple-model based on actual
wax-cake pbroSityf However, accuracy of the
model at solvent-to-slack wax ratio of 231 was
appreciably lower due to poor repulping and
Vwashing characteristics of wax cake of low

porosity.

Proposed deoillng mod el indicates that type 1 and
type 2 paraffln waxes w1th 011 coht=nt less than
0. 25 porcent can bp produced in a two-stage de-
oiling operatlon w1th MIBK~-to-slack wax ratio of
3.5:1. Type 3 pgraffin wax with oil content less
than 0.5 percent can be produced in a two-stage
deoiling operatior vith MIBK-to-slack wax ratio
2,251, Type 4 paraffin wax with oil content 1less
than 3.5 percent can be produced in a single-stage
deoiling operation with MIBK-to-slack wax ratio
of 2:1 or lower:

The use of sélﬁeﬁféfé;Siaéﬁ wex ratio less than
Zil is not recommended because of poor flow charac-

terigtics of slurry.

. The choice of deoiling conditions essentially depend

on profitability analysis based on yields and oil
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content and refrgguéation cost, product wax
and solvent loss, Two~stage deoiling operation
at 10°C and solvent-to-slack wax ratio of 3,5.1
is suggested for producing type 1 and type 2

paraffin waxes,

6.2 RECOMMENDATTONS

1,

4.

5"‘0'

More intensive investigations using solvent=to~
slack wax ratios of 231 to 4:1 and deoiling
temperatures of 5° to 20YC are necessary to
devéloP corrclgtions for predicting the effect
of these variablés on the procuct wax yield

and oil content,

It is necessary fg study the filteration and -
solvent washing operations under carefully
controlled conditions to obtain a reliable corr-
elation between wax cake propertics and filtera-

ticn and washing variables.,

. The effecct of temperature, solvent-to-slack wax

ratio and chilling rate on the property of wax-

oil-solvent slurry nceds to be investigatoed.

Optimization of incremental dilutions may be
studied by varying the number of increments for

the same sclvent-to-slack wax ratio.

Studies can be carried out with MEK, MEK-

Aromatic Mixturcs and MEK-MIBK Mixtures
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for a comparative s+tudy of the effectiveness

of these as deoiling solvents.

Predominance of n-alkanes in thce slack wax
generally give rise to lateral growth and féirly
large cfystals are expected even with shock
chilling dsing cold solvent. Experimental
investigation using‘Dilchill Deoiling Process is

therefore recommended.



3e

4.

8.
9.

10.

11.

12,
13,

14,

154
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