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RESUITS & DISCUSSION

- -

4,1 Preliminary Results and Discussion

The crude oils collected for the study are from
the well known oil fields of India which have been
under operation for a much-long time by now, Yet
little or no published work incorporating their basic
rheological characteristics is available, In order that
the object': of this investigation is well attempted to be
realised, the selected crude 0ils have been subjected
_to a primary examination for their contents ; the
investigation reveals that paraffin wax, asphaltene
and resin materials are present as components., They are
by and large waxy which justifies their high pour points
though paraffin wax is not the sole component responsible
for such characteristic, Based on the content of
asphaltene and resin, which contributes considerably to
the viscous nature of the oils, the samples may be

classified into three maln categories.

I, Low asphaltene and resin content

a. Bombay High 011 (BH)

II. Medium asphaltene and resin content :
a, Naherkatia oil (Nqg}
b. Moran oil (Mo)



III, High asphaltene and resin content :
a. North Kadi oil {NK)
be Amta oil (Am) .

The pour points as determined under this

investigation for all the above oils are given in
Table 38, :

Rheograms of these five crude oils are given in
Figs. 14 t§ 18, The plots are of shear stress ve., shear
rate, Véry useful information is derived from these
rheograms regarding the basic characteristics of the
crude oils, Fisstly, the basic nature of the crude
oils is that of Newtonian or near Newtonian fluids about
6% above their observed pour points., The Newtonian
behaviour is indicated by.a linear nature of the
rheogram péssing through the origin. The Newtonian
hehavioﬁr is gradually transformed into non-Newtonian
one as the temperature is lowered, As for example, the
Bombay High Oil (Fig, 14) ylelds two rheograms at 33°
and 36° : both are straight lines and when extended to
the left pass ideally through the origin., At BOQZ;
however, the Newtonian characteristic is changed to
non=-Newtonian, there being a slight curvature indicated
between 200 and 300 shear rate per sec, ?rom this region

the rheogram can be extrapolated to the left in keeping
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with the linearitf of the rheogram ; the extrapolated
line does ﬁot pass through the origineInstead it gives
an Lnteréept of definite value which is clearly
indicative of the fluid acquiring a Bingha¢ plastic
characteristic, This can be taken as a shift from
Newtonian characteristic to Bingham plastic nature
with fall of about 3%, As the temperature is further

decreased, Bingham plasticity too gets fully stabilised.

Almost the same Bingham plastic characteristic is shown
at 27% ; however, a strange mature of the rheogram is
observed at 24, The carvature is attained (at about)
betweén 500 and 1000 shear rate ; the rheogram between
100 and 500 shear rate is almost ideally linear. This
results into a very wide intercept and almost establishes

firmly the non-Newtonian characteristic of the fluid.,

Plots of plastic viscosity and yield value Vs,

temperature for all these 0ils are quite linear and show

a decreasing slope as the temperature is increased, tho
their respective pour points (Figs. 19 and 20), Beyond
the pour point no significant change in yield value or
plastic viscosity is observed on increasing temperature.
Thereafter, with further increase of temperature the

curves seem tO be running almost parallel to the

tempera ture axis, while there is an insignificant slope
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wnich in fact is indicated on account of the curve,

beyond a certain temperature, intersecting temperature .

axis, The temperature at which the intersection occurs
can be taken as the temperature at (and above) which

the o0il will assume the characteristics of a Newtonian

fluid since at the temperature the yield value will .
+urn out to be zero.

While the plots follow a regular pattern in the
case of crude oils with low and medium content of
asphaltene and resin, their nature is quite typical

in the case of the crude oils with high content of

asphaltene and resin. The plastic viscosity curves
show a decreasing slope with the rise of temperature
and an indication of intersécting the temperature axis
at relatively very high temperatures and absence of a
sector when thef would run almost parallel to the
temperature axis beyond their pou¥ point, But no
abrupt breaks are observed. &ince the oils under

consideration are purely Bingham and not pseudo plastics

this behaviour may be attributed to very high asphaltene
and resin content, However, in the case of the plottings
of the yield value versus temperatures the curves after
a considerable fall with increasing temperature, show
abrupt break, After the br:eak; the curves run parallel

to the temperature axis.



It appea*rs that the increasing thermal

agitation has a stepwise effect in bresking down the
blocking factors while the resistance to the effect
due to thermal agitation is sufficiently strong, which
behaviours suggest that the effect is quantized, If
breaks were more repeated, a temperature though very
high relatively could be visualized =zt and beyond
which the fluid would acquire NeWtonian’character. The
high temperature technology for transformation to
Newtonian characteristic is indeed unsuitable from

any view point and therefore it need not be pursued

any further,

With such high pour points and rheological
characteristics of these Indian crude 0ils, as revealed

by this study, the problems that the o0il and petroleum

industries have to face could be varied and typical,
The rheological properties of all these fiverils have
to be modified if pumping and transporatation
difficulties are to be minimised., As already mentioned

earlier, the Nahorkatia crude oil is thermally conditioned
and transported, The Bombay Hligh o1l field 1is potentially

the biggest in the country presently, The transportation

system of Bombay High o0il is much different from that of

Nahorkatia, it being a pipe line system, The pipe line

\
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is partly under sea ( a few hundred kilometer) and

the rest is underground upto Trombay refinery ; the
pipe line from Urban terminal to Mg thura Refinery is
the longest, Most of the north Gujarat oils are
relatively heavy besides being waxy and the problems
encountered are quite serere, All these cases will
require a pretreatment either through pour point
depressants and or flow improvers. The characteristics
as discussed above will undergo a change if the crudes

were treated with the proper type of additives.,

4.2 General Consideration

Keeping in view the object of this investigation,
and the treatment the Indian Crude Oils may be required
to be subjected to, polymeric compounds to the tune of
118 belonging to different classes, have been newly
synthesized under this investigation. The five classes
to which these 118 polymeric substances belong are as

follows

(1) Esters of poly(n-alkyl undecylenate-Co-maleic
anhydride)

(2) Esters of poly{n-alkyl cinnamete-Co-maleic
anhydride)



(3) Esters of poly(n-alpha monoolefin-Co-maleic
anhydride)

(4) Polymers of dibehenyl maleates

(5) Polymers of dioctadecyl maleates

A considerable volume of literature continues
€0 appear on the modification of oils, fats and
carbohydrates by esterification to yield products with
tailomade properties, ©Obviously thus, while similar
gompounds might have been synthesized earlier and the
routes of their synthesis might have many common
features with those adopted in this investigation
the accurate methods with specific conditions of
synthesls have been experimentally developed during
this investigation without relying much on the available
literature, Therefore certain steps of synthesis may
£find relevance for a brief discussion, The experimental
processes are developed to the need of the fulfilment
of objective in mind, but since the main aspect of the
object was to study their application to various oills
from the additive point of view, The yields of the
products synthesized under this investigation are
better than those reported for similar reactions in

the earlier work,



The structure of the products of the all the
five classes may be depicted as follows on the basis
of the primary consideration of the starting materials

and the steps of the reactions :
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T:‘Q T=0
C1ef37 1 6M37

Poly dioctadecyl maleate

For the product of the second step, the -
structural formula, as mentioned, is a most logical
and scientifically reasonable derivation. The elemental
analysis for all the products and IR spectroscopic
studies for same products fof the five classes of
compounds have been carried out whose results (Tables 8,
10, 17, 19, 25, 26, 27, 33, 34, 36 and 37) completely
agree with the depicted structural formulae, The
anhydride copolymers were next, at the third step,
esterified by the established procedure and the final
products were obtained, Cbviously, the structural

depiction has to be that what is mentioned. Since the

final polymeric products are as a result of 1:1 monomer
ratio copolymerization system at the second stage, the
study of the composition of the final products of the
stage vs, monomer ratio was taken as of no consequence
and hence this part of the study, which otherwise is an
usual and normal part in the study of polymer synthesis,

has been eliminated, Thus, the molecular structures of



the basic unit of the polymers in all case of all

Fhe five classes, are as depicted above, It is
visualized that in order that a polymeric derivative
functions as an additive for the crude oils with the
view to make them 5ehave as Newtonian or near-Newtonian
fluids at sufficiently low temperatures the following
some structural specifications in a general sense

should be associated with the polymer molecules,

(1Y Sufficient number of pendant alkyl chains

preferably straight ones, in a polymer basic unit,

(2) Sufficient length of the pendant straight alkyl

chains in such cases,

(3) Poly ethylene segments in the polymer backbone
itself,

(4) In some cases, the distance between the two

pendant chains is effective in deciding the

additive action,

Flow improving additives synthesized under. this

investigation are tried on Indian crude Qils which
are waxy in nature, hence such structural requirement

of the additives as are necessary for dealing with the



T Waxy naturé dre discussed at length in the above
section, However, the asphaltene containing crude
may not react to the additives in the same manner
as the waxy ones, Variation in asphaltene content,
even if the overall nature of the crude may be waxy,
may cause varlation in the results of the treatment

of the crude oils on addition of these additives.

4,3 Efficiency of the Additives

- The total 118 polymeric substances newly
synthesized in this investigatiocn, 93 have been tried
variously for pour point depression activity and
rheological changes with the five Indian crude oils.
The 25 substances discarded from the study were thought
to be the least effective on account of their primary

structural characteristics,

In other words, 93 polymeric compounds have
been investigated as potential additives for pour

point depression activity., These 93 polymeric compounds

have been found to be of some consequence and hence
their pour point depression calculations are recorded
in the Tables 46 to 52 meant for the purposes in the

experimental section, It is quite interesting to
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disciss the effect of thése 93 polymeric compounds
from the view point of their functioning as

additives,

The Bombay High (BH) operation which has the g
potential of turning OLJ:t one of the biggest ever |
Indian source, ﬁas given crude oil of a different
quality of the five different samples under
consideration, the BH crude oil is the only one with
the lowest asphaltene and resin content, Its pour

point is also the lowest i,e. 3000, Yet the non-
Newtonian character of the BH crude oil is guite
evident, From its rheogram (Fig. 14), it is clearly
seen that as its hatur;al pour point it has slight
pseudo plastic character and that the non-Newtonian
behaviour is sufficiently pronounced., However, at

only 3% higher, the Newtonian character is Aacquired

by the BH crude oil, 8ince the average molecular
weight/character of the BH crude oils asphaltene content
iz not well established and also because this crude

01l has higher wax content as compared 4;:0 Nahorkatiya
(Na) crude oil, a proposition for thermal conditioning
is rather too risky to meke, though theoretically it
should be the easiest on account of a mere 5% rise
requirement above its pour point. Thus, a chemical

additive could be perhaps a better alternative ; and
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the results of this investigation to seem to suggest

that this is the surest way.

Of 93 products considered for this study, a
large number has been attempted with the BH crude
only, The first one to be discussed here 1is that which
has given the best results as far as the BH crude is
considered i.e. 22-22 UnMA, n-Docosylester of poly
(n-docosyl undecylenate=-co-maleic anhydride), has been
tried in various proportions (Table 46) for observing
the pour point depression in the case of BH crude.
With just 100 ppm of 22-22 UnMA the pour point is
depressed to the extent of 2423 and with rising
proportion of the additive, the depression 1is further
enhanced, With as low as 300 ppm the pour point
depression is to the extent of 27°C, This at the
laboratory scale does seem to be highly impressive ;
as a matter of fact, this additive was one of the last
to be tried, and with the unprecendented beautiful

result, it gave a romantic experience.

The 22-22 UnMA additive could be represented

structurally as follows :

|
CI'H CH2 E Cl:H TH
|
(CH,) | C=0 C=0
| 2° C |
c\’=° ' Tafys s
% oats !

29
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In this basic polymer unit, there are three
pendant chains of sufficient length, "I‘hés‘e three
pendant chains could be classified into two groups -
one which f21ls in the undecylenic ester segment
(1eft of the dotted line), containing only one chain,
and the other which is to the right of the dotted
line falling in the maleic ester segment containing
two chains, Now, a series of additives with decreasing
lengths of the pendant chains in a definite sequence
of two carbon atoms each time except in the first
decreasing steﬁ down from C,5 where it is of four
carbon atoms, either to the right of the dotted line
when the chain to its left has a fixed unchanging
alkyl group, or to the left of the dotted line when
the chain to its right has a fixed mchai‘hging alkyl

group, have been tried on the BH crude o0il with a view

to determine the effect of the chain length on the
additive activity.

The 18=22. UnMA, where the two alkyl chains to
the right of the dotted line have been shortened to ’
the extent of 4 carbon atoms when that to the left of
the dotted line (the alkyl chain length of 22 carbon
atoms) is maintained unchanged, has a decreased effect
on pour point depression of the BH oil as is evident
from Table 46, With 100 and 200 ppm of the 18-22 UnMA,
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the effect of depression in this case is not
noticeable, however, with 300, 500 and 1000 ppm of
additive, it is sizeable but much less than that of
the previous compounds. The 16-22 UnMA - is still
effective as pour point depressant,. but to a lesser
extent, The least effective compound in this series
is 14-22 UnMA, This decreasing effect with decreasigg
alkyl chain length indicates two things (1) length of
the alkyl chain plays an important role in pour point

depression provided other factors are constant and

(2) the shorterning of chain lengths by 8 carbon atoms
is the limit in this case, beyond which pour depression
is ruled oute. Another important point that emerges

is that within the consideration of the same additive
its greater proportion has greater effect in pour
point depression, It can be said thus that the larger
the amount of the additive, the greater is the pour

point depression.

The above discussion concerns the decreasing
chain length consideration in the right hand sector
of the basic polymer unit of the additive while the
chain length of the left hand segment remained intact,
a case now of a different series of the additive

belonging, however, to the same class of polymeric

substances where the alkyl chain length of the left



hand sector to the dotted line decreases sequentially,
while maintaining the alkyl chain lengths of the right
hand sector of the dotted line, 1s taken up, The

22-18 UnMA is one such\additive vhere the alkyl chain
length at the left hand sector to the dotted line is
shorter by 4 carbon atoms while those at the right
hand segment are intact, Now, with this much change,

the pour point depression effect is slightly altered
as compared to that of the 22-22 UnMA compound with

100 ppm concentration of the 22-18 UnMA additive, the
pour point of BH crude o0il decreases to the same extent,
but with its higher concentration of 200, 300, 500
and 1000 its effect is less, As a matter of fact the
optimum effect with its rising concentcation is
obtained at 200 ppm level and then on it remains
constant, When the effect of éz~18 UnMA additive is
compared with that of the 18-22 UnMA (a cross sister
compound) it is observed that 22-18 UnMA additive has
much better pour depression effect than that of the
cross sister 18-22 UnMA, This is so because in the case
of 18-22 UnMA, the chain length shortening is no doubt
of the same magnitude as of 22-18 UnMA, but there are

two such chains in the right hand sector of the dotted
l1ine and hence the effective shortening is of 8C worth

and not only 4C worth, Therefore 18~22 UnMA is less

effective in pour point depression of BH crude than



22-18 UnMA additive., Continuing the discussion
further, the effect of 22-16 UnMA additive is almost
the same as that of 22-18 UnMA additive for 100 and
200 ppm concentrations, but with 300, 500 ppm, it
becomes more efféctive than 22-18 UnMA, as the
depression caused by it at this concentration level

is to the extent of 30°C as compa red éo of 27 1in the
case of 22-18 UnMA additive, This is surprizing that
with greater shorteniné of the chain length, the effect
is some what enhanced rather than decreased. However,
it should be noted that its ' cross sister ' 16-22
UnMA, where the effective decrease in chain length

by 4 carbon atoms is of 8 carbon worth sgince tgefe

are two such chains in question, is relatively very
less effeetive in the pour point depression property,
The next in the series 22-14 UnMA is less effective in
pour point depression than 22-16 UnMA, Factually, as

far as BH oil is concerned, the polymeric additives
of this class where both chains belonging to the maleic

, ester segment are progressively getting decreased, the
pour point depression effect becomes zero beyond

14-22 UnMA compoumd, whereas, in the ' cross sister *
series, Wwhere the alkyl chain belonging to the
undecylenic ester part i,e, to the left of the dotted
line, gets decreased progressively, the pour point
depression effect is continued to be exhibited beyqnd



22-14 UnMA and upto 22-2 UnMA compound.

It may be said right at this stage that when
two alkyl chains get shortened simultaneously, the
pour point depression activity too is decreased
greatly as compared to when only one alkyl chain
length gets decreased at a time, By this consideration,
taking the effect due to decrease in chain length to be
equal, in the conditions as they are at this stage of
the discussion, the pour point depression activity
then would have continued up to Cg alkyl length had

there been only one chain at the right hand segment
of the dotted line, instead of two, However, in

the case of tﬁe ' cross sister ' series, the pour point
depression activity is exhibited up to 22-2 UnMA
compound, up to two stages more in the decreasing
sequence, In other words the entire series 22-%% UnMA
is more efféctive in pour point depression as comparesl
“to the 3%’22~UhMA (series (where -T shows changing alkyl

sector) .

There may be other reasons why the zz-g%_UnMA
series is more effective in pour point depression
activity, Perhaps, the presence of -@332)3- (eight
methylene units) bunch in the pendant chain at the

undecylenic ester segment, linked through ji-db—

263
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to the alkyl chain 'R', has its own contribution

in pour pognt depression phenomenon, Linking

through ~Loo- group has an overall hampering
effect, yet, the activity of eight methylene units
attached tg the backbone is not altogether eliminated
due to -Jf--o- group's presence and that there is
some ' residual effect * of the ~(CH,)g= group that

is added up in the pour point depression property,

Coming back to the zzﬁ%% UnMA series of ester
polymers, the entire series is quite effective in
pour point depression function for the BH crude
as is reported above, yet a patternised ' regularity '

is rather difficult to locate in the depression
activity as the alkyl chain length is decreased

progréss ively from<322 to Cz.

A plot of the extent of pour depression versus
alkyl chain length of the undecylenic ester segment's
pendant chain is given in Fig. 22(a), At the first
sight it appears to be a mere zig=~zag plot, but a
closer look may bring out certain ‘units’ o% regular
variation as the alkyl chain length is decreased, It
is drawn with the pour point values at 500’ppm

concentration of the additive primarily because the



pour point determimation upto C, alkyl chain

2
length was practically feasible, It is seen that
from C, 5 length to<318 length of the alkyl chain of

the poly (alkyl undecylenate-Co-maleic anhydrigde),

the pour point depression is of lesser value i.e.
to the extent of 3% ;1 in this segment of the plot,
the decrease in the alkyl chain length is of four

carbon worth, With further decrease in the chain
lengths equal to two carbon magnitude (Cig) the

. extent of pour point depression is again equalrto

that due to C chain length, PFrom this point

22
onwards in the decreasing sequence of the chaiﬁ

length the pour point depression value alteYnates

up to C chain length, From C to C_, there is a

12 10 8
continuous decrease in the depression effect, that at

i

Cg being equal to that at C8 andat.c12 being equal

to that at,Cl4. The depression value at<32 is the.

same as that at 04. The pour depression to the

extent of 30% is thus at 022, 618, le, ClO’ 'CB’

C, and C_, -~ the difference in the chain length being

4 2
of 4 carbon, 2 carbon, 4 carbon, 2 carbon, 4 carbon

and 2 carbon in the same sequence, The pour depression

, o
is the least l,e. 24 C at C6 and‘38 the difference in

the chain length being of 2 carbon. The medium pour

depression value of 27°% is obtained at C12 and,cl4



stages - the difference in the chain length being

of 2 carbon, An overall pattern of décreasing pour
point depression effect is thus that of a cogtinuous
‘decreasé upto two stages followed by alternation to

the next two stages and at last stage (i.e. at Ci,»

C,g and 022) there is constant depression in pour

Po int . s

Similar pattern of the pour depression with
decreasing chain length 1s observed with 300 ppm
concem:tration of the said additive Fig, 22(b), with

certain variations in the stages but without any’

marked change in the pattern., This effect is observed

in the case of the series of ester polymers when only
one chain undergoes a decreasing change., With its

' cross-sister ' series of the ester polymers, where

two such chains simultaneously undergo a decreasing
change in their lengths, a different pattern of pour
depression is obtained Fig, 23, The pour depression

study is obviously carried out in this case upto 014

homologue since for a homologue with C12 alkyl chain

the péur depression is zero, In this case it is

observed that the pour depression activity is

continuously decreased without any ' sequence-alternation'

)

pattern shown by its ' cross-sister ' polymer series,

As the alkyl chain length decrease is simultaneously in
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two chains, this continuous decreasing pattern is
perhaps the most logical thing to happen. At C12
lengths, the depression activity is zero which means
that there must be a certain minimum length of the
alkyl chain in order for an'additive to be able to
function as pour point depressant and that in this

case it turns out to be 014.

-

Thus it is interesting to note that both
series of the ester polymers in consideration are

very good pour depressants even with very less

concentration i.e. 10D ppm, - The additive with full
alkyl chain lengths (all the thlrr:ee) i.e. poly
(n-docgsyl undecylenate-Co-didocosyl male;ate) in 100
ppm concentration only transforms the BH crude oil
from a normally hich pour point of 30 to a mere 6%

pou¥ point - a depression of 24% with such a small

amount of the depressant is something really noteworthy .

of,
When the additive 22-22 UnMA is replaced by
18«22 UnMA in the case of Na, Mo, crude oils, the
{

pour depression activity is also decreased, though

the activity is still gquite marked., With 500 ppm

o
concentration, the extent of pour depression is of 18 ,

18% respectively for Na and Mo oils, The 16=-22 UnMA

269



compound is effective by and large in its pour
depressioﬁ activity, The extent of pour depression
is of 9° and 9° in Na and Mo crude rgspectively. The
decreasing pour depression activity can be attributed
to the decreasing (%gfg% UnMA) alkyl chain length ;
the activity decreases faster since two alkyl chains
get shortened simultaneously progressively as one

passes from 22-22 UnMA to 16-22 UnMA,

Taking into consideration 22-22 UnMA changing
series where T shows decreasing alkyl chain léngth
in the uﬁdecylenic ester sector to the left of the
dotted line Fig, 21 of the basic polymer unit, the
additive activity for pour depression is less than
the 22-22 UnMA additive, The 22-18 UnMA ester polymer
shows the extent of depression, with its 500 ppm
concentration in the Na and Mo crude oils, as 24° and
27% respectively, The 22-16 UnMA compounds f£ollows
suit with the extent of depression being 24° and\24q2
respectively, The next 22-14 UnMA ester polymer shows
depression by 21° and 18% respectively, Table 100
shows the extent of depression for the decreawing
series, With increasing asphaltene and resin content,
the extent of depression in the pour points decreases

with decreasing chain length.
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The zz—ggqUnMA series of ester polymers,
the entire serles is quite effective in pour point
depression function for Na and Mo crude, A plot

of the extent of pour depression versus alkyl chain

length of the undecylinic ester segment's pendant
chain is given in Fig, 24 and 25, At the first sight
it appears to be a mere zig-zag plot, but a closer
look may bring out certain *units® of regular
variatiqn as tﬁe alkyl chain length is decreased, It
is drawn with the pour point values at 500 and 300 ppm
concentration for Na crude and at 500 and 200 ppm

concentration of the additive for Mo crude oil, It

is seen that from C length to C length of the

22 is8
alkyl chain of the poly(alkyl undecylenate-Co-maleic
anhydride), the pour point depression is of lesser
value i.e. to the extent of 6% in thés segment of
the plot, the decrease in the alkyl chain length is
of four carbon worth, With further decrease in the
chain lengths equal to two carbon magnitude (Cls) the
extent of pour point depression is of 24C i,e. equmal

to C1g chain length, From 016 to 614 chain length

there is decrease in depression effect and this effect
is equal at C12' Then after C12 chain length there is
increase in depression effect upto ClO chain length,

After'clo chain length there is decrease in depression



275

udd 00¢ 38 (q) udd 006 38 (®)
(Do )} 3utTog Jnog ut uorsseaxde@ °*sa TIO BN UT VHUN-Y JO &I8%ST Nmaczu¢m *STI

g uteyp TLNTV JO Joqumy uoqdae)
8 0 91 8 0

G 01

oe

{ 0%

(a) (&)

(Do) 3uTOg Jmog ur uoTsssadeq
(Do) juTOog anog ur uorsseadeq



274

(Do) 3uTOg amog uT uotssexdeq *sA TIO O UL VWUQ~Y JO SI838¥ Slp-u

91

wdd ooz 3® (4) wdd 006 3B (®)

¥ urByp TANTY Jo aequny uoqaep

0

(9=87)

161

¢e
(a)

(Do) 3uTOZ amog ut worssadeq

91 , o)

92 *F1a

¥

=
W

Gi

62

lag
(&)

(Do) 3uUTOg anog ut uotsssadeq



273

effect upto C, chain length, After C, chain length

8 8
there is continuous increase in the depression effect
at.cs, c4 and Cz’ An overall pattern of decrzasing

pour point depression effect 1s thus upto three stages
followed by alternation to the next three stages. An

overall increasing pouw point depression effect is

thus up to two stages, Thps a zig-zag pattern of
pour depression effect is exhibited by this additive

with Na crude oil,

Almost a similar pattern/of the pour depression

with decreasing chain length is observed with 300 ppm
concentration of the said additive Fig, 24(b)., Just
as in the case of BH crude oil, the ;g,zz UnMA

compound is plotted against the extent of pour point
depression Fig, 26. The plot obtained follow the BH

pattern in Na crude oil also,

The next group of substances synthesized and
studied under this investigation is of n-alkyl esters
of poly(n-alkyl cinnmamate-Co-maleic anhydride) a class
which has certain similarities incorporated on account
of maleic anhydride segment of the basic polymer unit,
to the class I, and certain distinguishing charscter

as is evidenced by the presence of aromatie ring.
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From among this class of polymeric substances, all

have been checked as possible additives for pour

point depression, however, the results of 44 of
them are recorded in Table 46, 48; 50, Since other

results were not much encouraging.

Here again, the effect K of BH crude is discussed
first, The 22-22 CMA cﬁmpound shows pour depression
activity with 100 ppm concentration though it is much
less as compared to its counter part 22-22 UnMA of
the class I polymeric additives, The pour depression
effect is increased as ppm concentration of the

additive is increased, Pour depression with 103 ppm

is 21q:, this rises to 219, zécb, 27 and 30%C as -

the concentration is raised to 200, 300, 4CO and 500 ppm
respectively, The maximum effect is with the maximum
concentration of the additive, The next compound in

the series is 18-22 CMA, where the two pendant alkyl
chains are shortened by 4 carbon atoms =ach, 1its pour
depression activity on BH crude oil, surprisingly is
slightly more as compared to the 22-22 CMA member of

the series, The pour depression as shown is 18°, 24°

and 24% for 300, 403 and 500 ppm concentration of

the additive.

With higher concentratlion of course, the activity



is a little bit still higher, The third compound

in the series is 16~22 CMA ; the alkyl chain lengths
are further shortened by 2 carbon each, The overall
activity is decreased with the shortened chains,

» hOWevér, with a very high concentration of 1000 ppm,
the pour depression is of 18° a depression achieved

by just 300 ppm concentration of the previous compound,
However, the decreased effect in pour depression is

quite discernible with shortening of the chain lengths.

The ' cross sister ' series of polymeric
substances of this class, where the alkyl chain
length with variation in the cinnamate sector only
provides again an interesting behaviour, In Table 101
below are given the pour depressions against the
pendant chain lengths, for the BH crude oil, While the
extent of depression is quite high in almost all the
homologues of this series, the variation in the chain
length 1s not followed for pour depression by any
regular patterp~decreasing or increasing, though a sort

of alternating behaviour is somewhat manifested, but

here too since the difference in the pendant chain length

in the first two members is that of 4 carbons, and then
the difference in the pendant chain length is of

2 carbons, at last the difference is of one carbon,

279
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Table 101

- B v S S - e

Pour Depression °C for BH crude oil at 500 ppm

concentration

22-22 CHA 18 CMA 16 CMA 14 CMA 12 CMA 10 CMA

30° 27° 21° 24° 24° 18°
8 CMA 6 CMA 4 CMA 2 CMA 1 CMA
21° 18° 18° 21° 18°

From Tables 46, 48 and 50, it should also, however, be
noted that the extent of pour depression is guite high
with as less as 200 ppm concentration as well when the
alkyl chain length is sufficiently good. Fig. 29(a)
and (b) shows the plot of the alkyl chain length Vs,
pour depression for the BH crude oil at 500 ppm and .
300 ppm concentration of the additive, The highest
depression of 3000 is found with 22 carbons ; the
medium effect is at 12 and 14 carbons, the less

effect is at 1, 2, 4, 6, 8 and 10 carbons, At 300 ppm
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concentration of the additive, the highest effect
is of 24° at 22 carbon, the medium effect is of 18°
and 152 at 18, 16, 14, 12 and 10, 8, 6, 4 carbons
respecéively. It is surprising to find that with
as short a chain length as 2 carbons, the pour

depression is of 18°%C, y

The basic polymer unit of this class of polymeric
derivatives has all plusApoints, theoretically at
least, to exhibit maximum pour depression, It
possesses not only three‘penéent,chains like the
previous class, it has also an aromatic unit attached~

to the polymer backbone chain, The aromatic unit

should be adding to the pour depression effect as a
matter of fact, due to adsorption both during and
after crys;allization. Yet, when the 22—;% UnMA. and
22~%% CMA additives are compared, at least the first
five in the decreasing sequence of chain length, thei
manifest an interesting deviation from the expected
behaviour, The data as recorded in Table 102 is

self revealing.
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Table 102

- O s g W - "

Comparative statement of Pour Depression °C BH

Crude Oil : 580 ppm concentration of the additive

22-22 2218 22-16 22-14 22-12
UnMA 30° 30° 30° 27° 27°
cMA 30° 27° 21° 24° 24°
22-10. 22-8 22-18 22-6 22-4 22-2
UnMA 30° 24° 30° 24 30 30
CMa 18° 21° - 18° 18° 21°

- A - T T G, S S o G N T S S A S D A T S A W O S G S WD S G e SR (e S G S T P W s T gy

The overall pour depression effect is more in the UnMA
series than the CMA series though that at 22-22, 22-18,
22~14 and 22-12 carbons the effect in both series is
either equal or almost equal, As mentioned above, the
high expectation was in the case of CMA gseries as
compared to the UnMA, The structural difference between

these two basic polymer unit is that of an aromatic ring
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present in the cinmamate sector (III), Polymeric
unit such as 22 ester of styrene maleic anhydride
copolymer (I) has been reported to be quite effective

in pour depression in the case of a sufficiently waxy

CH _r‘Hz CH CH
O C=0 C=0
0 0
R, Ry
(1)

crude oil (223~é25) and the evidence, as discusgsed a

little earlier, coming forth from this investigation,
again for a sufficiently waxy crude o0il, for a hasic

polymer unit as represented by 22-22 UnMA (II)

provides a good pour depression activity,

_-CH c, cl:H TH — _.CH CH CH ICH.--
{cﬂz) 8 cl:=o Tao O ~ C=0 C=0 clzzo
C=0 0O T O 0 T
o) Ll R ’ R R, Ry
R

(IX) (I11)
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By comparing the three polymer msic units in
question, the most apparent thing that strikes the

right note in this case 1s the intervening alkyl
chain, It is seen that when the aromatic ring is
present as a ' pendant chain ' at a distance of one
carbon atom from the other two chains, or a pendant
chain'replaces the aromatic unit maintaining the same

distance from the other two pendant chains, besides
the individual homopolymeric units represented in the

copolymers, pour depression activity is quite
pronounced (453), But, as is the case, in a copolymer
of two homopolymer basic units when three pendant
chains and an aromatic uhit are positioned side by
side without leaving any distance, the pour depression
activity is hampered to some extent desplite all the
four pendant units being individually conducive to
pour depression phencmenon, VWhile this fact is quite

apparent, other factors such as molecular weight of

polymers cannot be ruled out from a consideration of

a possible contribution to the effect.

A plot of the pour depression of the 22-22 CMA
{

homologues versus the number of carbon atoms of the
alkyl chains in the ' maleic ' sector of the basic

polymer unit yields Fig, 30 and 31 in BH and Na crude



oil respectively, The highest effect of pour
depression is at.C22 carbon, then the effect decreases

upto C,, carbon.

The effectivity of the additives synthesized
in this investigation besides the pendant alkyl chain
lengths, has a relationship with low asphaltene and
resin content - a view so formed because of the
results of the previous class of the ester-polymers ;
almost a parallel behaviour is exhibited by this class II
eséer-polymers. Thelr effectivity on the Bombay High
crude oll is gquite admirable, but when they are tested
for the other four crude oils, the effectivity seems
to be going down as the asphaltene and resin content
increases but to a limit, Nahorkatia (Na) crude oil
. which has the lowest asphaltene and resin content

amongst the ' medium * asphaltene and resin containing
group of the crude oils selected for the study, but
whose asphalten® and resin content is higher than that
of the BH crude oil, shows quite a good pour depression
with a number of the homologues of the CMA series of
ester-polymers, However the effect is limited to

a small number of the homologues. Fig, 32 and 33,

The plot is of nC,, ester of RLCMA Vs, pour point
depression.at 500 and 300 ppm in Na and Mo crude oil,

In this plot the highest effect of pour depression is
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at C and C carbon of 27°C. The lovest

16¢ “14 12
effect of pour depression is at C1o, Ce, Cs, C4, C2
carbon of 18%, At 300 ppm concentration of additive

the pour point depression at highest level is at C16' 4

Cy4 and C,  carbon of 21%C, and less effect of pour

12
depression is at CB' 04 and CZ2 carbon of 12°%,

Table. 103

Extent of Pour Depression % Na Crude

0il - 500 ppm additive

22 ~22 CMA  .18CMA .16 CMA ~14CMA -12CMA .10 CMA
ester

24° 24° 27° 27° 27° 18°
22 -8 CMA -6CMA -4 CMA - 2 CMA -1 CMA
ester

18° 18° 18° 18° 12°
18 ~22 CMA  .ig CMA .16 CMA  -14 CMA .12 CMA -10 CMA
ester

18 -8 CMA - 6CMA -4 CMA -2 CMA -1 CMA
ester

- —r o — — - - - i i A W D D B N o A D T R e O WD S SNt B S WP SV €PN LTE L T R R A K N U D €T L3
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Extent of Pour Depression at 5900 ppm % in

Na erude oil.

22-22 CMA 18-22 CMA 16~22 CMA 14-22 CMA

From Table 103 and 104, the veracity of the view could
be easily established ; about 21 homologues with
varying alkyl chain lengths are found to be effective
of course the effectivity is also varying with the

increase or decrease in the pendant alkyl chain lengthse.

Table 106

- .

Extent of Pour Point Depression at 500 ppm

in Moran Crude 011l

22-22 CMA 18-22 CMA 16-22 CMA 14-.CMA
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s - P " -

Pour Depression % of 22 esters of R-CMA

500 ppm additive in Moran Crude 911

gg cep -2 CMA 18 CMA .16 CMA .14 CMA  12CMA -1CCMA
30° 30° 24° 27° 24° 21°
i
ggter -8 CMA -6 CMA -4 CMAa -2 CMA -1 CMA
21° 18° 21° _27° 21°
Z;.gter ~22 CMA -18CMA 16 CMA 14 CMA .12 CMA 10 CMA
21° 15° 9° 12° 15° 12°
18 - 8CMA -€ CMA -4 CMA -2 CMA -1 CcMa
ester N
12° 9° 12° 15° 9°

T g U T i e e S TS D W D D I 0 e S A IS S S S D Y B S o N it SO S M A R S PTG T A A S T S S S T R S M A e A D T A A MR S A g
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The data given in Tables 105 and 106 clearly indicate
the good effect of the various homologues of the
cinnamate ester-polymer series (class II) additives,
on pour depression of Moran crude oil at 500 ppm

concentration.

The class III of the additives newly synthesized
under this investigation differ from those of the
class I in one vital respect and that is the pendant
alkyl chain belonging to the o -olefin sector of the
basic polymer unit in the class III geries, 1s dlrectly
attached to the polymer backbone c;rbon, without the

~{CH,)} ,COO0~ group as an interlinking unit as in the

2}8
case for the class I additives at the undecylenic
ester sector (Fig, 36). The absence of the inter-
linking unit -UCHZ)BCDO- decreases the pendant alkyl
chain to that extent in an overall manner., This being
the only structural difference in the basic polymer

units of the two classes I and I1X, a direct

comparison can be more fruitfail,

TH CHZ- CH, TH_

(CHZ) n C=0 C=0

| |

CHB ¢ r
R R

Fig. 36



29335

Table_ 107

- o wa - .

Pour point depression of m322 esters of

poly({alpha olefin-Co-maleic anhydride)

|
at 500 ppm, OC,

22 Bster Crude oils

of R R TR T
PA-15 (1) 30° 24° 30° 18° 6°
PA-15 (2) 30° 24° 30° - -
PA-21(1) 24° 21° . 30° 18° 6°
PA-21(2) 27° 24° 30° - -

In Table 107 is recorded the extent of pour
depression for all the five crude oils under consideratinon,
It is a obse¥ved that when the alkyl chains in the
' maleic ' sector of the basic polymer unit are with the
length of 22 carbons, the extent of depression is quite
good, The BH crude treated with PA-15(1), (2) and
PA-21(1), (2) has a pour point reduced to 0% ana 3°
respectively at 500 ppm concentration i.e. the extent

of pour depression at 500 ppm is of 30° ang 27°
respectively. The effect of this additive on other
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crudes i,e, Na, Mo NK and Am at 500 ppm concentration

is certainly not that high as in the case of BH crude ;
this fact again is a pointer to the role of the low,
medium and high 55phaltane and resin contents indidating
thereby some kind of relationship between the extent

of asphaltene and resin content and the nature of the
basic polymer units under consideration with respect

to the pour depression activity.

Table 108

- YO - - —

Pour point depression r1018 esters of poly(alpha

ole fin-Co-maleic anhydride) at 500 ppm, &,

nc:18 Ester Crude oils

of BH Na Mo
PA-15(1) 3° o° 12°
PA-15(2) 3° 3° 12°
PA-21 (1) 3° o° 12°

PA-21(2) 3° 0° 9°
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Table 109

- —_ o o oty gy o

Pour point depression ncls esters of poly

(alpha olefin-co-maleic anhydride) at 500 ppm

O
nc16 Bster Crude oils

of BH Na Mo
PA-15(1) 3° o°® 3°
PA-15(2) o° o° o9
PA.21 (1) o° o® 3°

4N

PA-21 (2) o° o° 3°
The n C,g and n016 esters of PA.15 (1), (2) and

PA.21(1), (2) are less effective as pour depressants,
The data given in Table 108 and 109,

Table 11

- -

Comparison of pour point depression of n022 esters

of 22 UnMA, 22 CMA, PA-15 and PA-21 at 500 ppm %

Bster  eee—eee——— Crude oils ____ ——
BH Na Mo
22-22 UnMA 300 30° 33°
22-22 CMA 30° 24° 300
22-PA 15 30° 24° 30°
22-PA 21 27° 21° 30°
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An interesting view emerges from a comparative
study of the pour depressing activity of the better
homologues of all the three classes examined as
additives, In Table 110 are given the extent of pour
depressions for 22-22 UnMA (class I), 22-22 CiA
(class II), 22~PA 15, and 22-PA 21 ({(class III), Prom
the data it is observed that the effect of pour
depression is good and having the similar effect of
pour depression in each crude oil i,e, in BH, Na and
Mo crude oils. The 22-22 UnMA and 22-PA are quite
comparable structurally in the sense that both have
three pendent alkyl chains and that there is a ' pace !
worth one carbon atom in the polymer ack bone chain
between the undecylenic ester part chain or alpha
olefin part chain and the two pendant chains at the
maleate segment of the asic polymer unit., While the
presence of three pendant chains is to be viewed as
significant from the point of view of their good pour
depressing activity, the ' pace ! should be taken as
an important factor from the ' hindrance ' point of
view, since the 2222 CMA compound has an alkyl chain
at the cinmamate sector but gquite adjacent to the chains
of the maleate part and this very fact seems to have a
retarding effect in the pour depressing activity, The

effect of pour depressant is fruitful,
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Pour depression versus n-C,, ester of poly(alpha-~

22
ole fin-co-maleic anhydride) of the basic polymer unit

are plotted in Fig, 37, 38 and 39.~ Fig. 37 for BH

crude o0il at 500 ppm concentration, Fig, 38 for Nahorkatia
crude at 500 ppm concentration and Fig, 39 for Mo crude
oil at 500 ppm concentration, -The plot for BH crude

0il shows a pour depression of 30% at PAilS(l) and (2),

and that of 27%C, 24°%C at PA-21(1), (2) respectively.

~

The highest effect of pour depression is at PA.l5, while
the lowest effect of pour depression is at PA-21, The
plot for Nahorkatia crude oil shows a pour depression

of 24% at PA-15(1), (2) and PA-21(2) i.,e., the plot

runs parallel to the alpha olefin alkyl chain axis. &
The lowest effect of pour depression of 2193 at PA-21(1),. -
The plot for Mo crude oil shows a pour dépression of

30°% at PA-15 and PA-21 i,e, the plot runs parallel

to the alkyl chain axis.

Under the fourth and fifth category of the
polymeric derivatives only séven compounds of each
category are synthesized ; these vary only in parts, in
a definite mammer -~ the variation being in a sequence,
The idea is to find out the variations in their
effectivity as additives (pour point depressants)
against the small changes in their molecular structure

and to assess the overall utility.
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In these seven compounds of each class, the
two pendant alkyl chains at the maleate sector of
the asic polymer unit are the same and have the same
chain length, Even the polymer backbone chain can
be said to be the same in all these compounds except
in the PDBM (poly dibehenyl maleats) and FDODM
(poly dioctadecyl maleate) derivatives where the

basic polymer unit will have only two carbons in the

its back bone chain, The third pendant chain belonging
to the co~-monomer sector may be taken as ' chains * in
the case of DBMVAc and DBM-MMA only because of the
presence of an alkyl group and a methyl ester group
respectively in these compounds., In the other four
compounds viz,, DBM.AA, DBM-IA, DBM.MA and DBM.AN,

the attached part in the co-monomer sector are ‘groups®
only while in the seventh compound the comonomer

sector itself is absent, Same description for

DODM series,
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Table 111

——— S ; ST T W T

Depression in pour point at 500 ppm concentration -%C

Additive Crude olls

BH  Na Mo NK  Am
DBEM-VAg . 24° 21° 27° 18° 6%
DBM-MMA b1° 18° 24° - -
DBM-AA 24° 24° 24° - -
DBEM-MA 24° 24° 27° - -
DBM-IA 27° 27° 27° - -
DBM.AN 21° 21° 27° - -
Poly DBM 24° 27° 27° - -

Taking the best additive action first into
consideration the polymer DBM-IA (poly dibeﬁenyl maleate-
co=-itaconic anhydride) which is the fifth compound of
this class 1t shows the effect of pour depression maximum
out of this class, The effectivity of pour depression
in BH crude is 279, in Na crude is 27%¢ and in Mo crude
is 27°%C, 1In Mo crude it shows the 10% depression.

(Table 1i1). The two dimensional wax crystals are reduced
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to the three dimensional fine crystal size particles
due to the penetration activity of the pendant chains
of the additive compound into the waxy part followed

by cocrystallization and subsequent loss of the
interconnecting linking system responsible for giving
rise to a jelly formation, The additive action for

the proportionally higher a;sphaltene and resin bearing
crudes viz, NK and Am is not mentioned in the Table 111
because these polymer additives are less effective for

pour depressing properties,

The extent of pour depression by the compound

DBMVAe is quite impressive at 500 ppm concentration,
It is a copolymer with only two pendant alkyl chains

per basic polymer unit, The next copolymer of this

class i,e, DBM-MMA is quite similar to this compound,
with the small difference at the comonomer sector

there being one more methyl group attached to the fourth
carbon of the hasic polymer unit and a slight difference
in the pattern of linking of the O atom there at in the
case of the copolymer DBM-MMA, With such a small

di fference, the pour depression activrity of this compound

is quite reduced of that of the compound DBEM-VAc,

On copolymerization of the DBM with MA ang IA

the extent of pour depression in BH, Na and Mo crade is



good, The reduction in the extent of pour depression

thus has to be directly linked with the copolymerized

unit i.e, maleic anhydride and itaconiec anhydride.

The extent of pour depression by the compound DBM-AA

is gquite go

comonomer sector, as a part of the acrylic group is

od.

The carboxyl group attached at the

not a pendant chain and therefore does not participate

in the cocrystalligation forces besides the fact that

the third carbon atom of the polymer backbone of the
basic polymer unit is without any attached ' group *

or ' pendant chain ',

The extent of pour depression by the compound

DBM.AN in BH and Na crude is less as campare to other

compound.,

But the effectivity in Mo crude is fruitful,

The effect of pour depression by the compound Poly DBM

in BH, N3 and Mo crude is good,

Depression in pour point at 500 ppm

——— - S

309

concentration -°C

Crude__oils

Additive e vt e v ~oRCe QLIS el ———
BH Na Mo Nk Am
DODM_VAg 21° 18° 21° 18° 6°
DODM_MMA 18° 18° 18° - -
DiDM_AA 18° 18° 21° - -
DODM.MA 21 ° 21° 21° - -
DODM.IA 240 24° 210 - -
DODM_AN 18° 18° 21° - -
Poly DDM 24° 21° 27° - -

O T D A S D 1o D S S D TV S T T A S O Pl S T D G T SO A O S T W T T S0 i g P W ot Y T W i gt S I Nt S B o

=



From the Table 112 the best additive action
first into consideration the polymer DADM-IA (poly
dioctadecyl maleate-co-itaconic anhydride) which is
the fifth compound of this class, which shows the
effect of pour depression maximum out of this class V,
The extent of pour depression in BH, Na and Mo crude
for this compound is 24°, 242 and 21%C respectively.
The less effective additive of this class is DODM.MMA,
it shows the extent of pour depression in Bd, Na and
Mo crude o0il as 180, 18° ana 18° respectively, The
remaining five compound of this class shows the quite
good effectivity for pour depression, This class is
less effectlive for HK and Am crude, so the results are
not mentioned in the Table 112, Only the additive

D(DM-VAc tested with NK and Am crude, it shows the
effectivity of pour depression 9%,

S0 far the discussion about the class IV and V

additives has been confined to the BH, Na and Mo oils

only in a way. By and large, these additives are less

effective relatively in the case of the rest of the oils

i,e. NK and am oils, PFig, 40 to 43.

The extent of pour depression at various ppm

concentration for BH, Na and Mo oils are given in

Tables 113, 114,

306
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Table 114

315

Extent of pour depression : Mo oil -,
Additive  cmeemmmmen Mo oit .
coﬁe 100 200 300 500
1, 22-2 UnMA 21 24 27 30
2., 22-4 UnMA 18 21 21 30
3. 22-6 UnMA 9 15 15 24
4, 22-8 UnMA 9 12 12 21
5, 22-18 UnMA 6 15 21 27
6o 22-10 UnMA 9 12 15 21
7. 22-12 UnMA 9 9 15 18
8, 22-14 UnMA 9 12 1é 18
9, 22-16 UnMA 15 15 18 24
10, 22-18 UnMA 18 18 21 27-
11, 22-22 UnMA 18 21 27 33
12, 22-2 CMA 12 15 21 27
13, 22-4 CMA 12 12 15 21
14, 22~6 éMA 9 12 15 18
15, 22-8 CMa 12 15 15 21
16. 22-10 CMA 15 15 18 21
17, 22-12 CMA 15 18 18 24
18, 22-14 CMA 18 21 21 27

cont...
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19,
20,
21.
22.
23,
24,
25,
26,
27,
28,

29.

30,
31,
32.
33.
4.

35,

36,

37.

8,

39,

22-16 CMA
22-18 CMA
22-22 CMA
22-PA 15(1)
22-PA 15(2)
22-PA 21 (1)
22-PA 21(2)
DBM.VAg
DBM~MMA
DBM.AA
DBM..MA
DBM-IA
DBM.AN
Poly DBM
DODM.VAC
DODM-MMA

DODM..AA

DODM.MA
DODM.LIA
DODM-AN

Poly DODM

15

21

21

ig

21

21

18

15

18

15

.18

18

18

12

15
15

15

15

18

i8
21
21
21
24
21
21
21
i8
18
21
21
18
21
12
12
18
15
1g

15

18
24
24
21
27
24
27
21
21
21
21
21
21
21
i8
15

21

lg

21

18

24

24

27 .

30
30
30
30
30
27
24
24
27
27
27
27
21
18

21

21
21
21

27
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It is viewed as proper to highlight the additive
function of such ester polymers from the lot newly
synthesized and studied under this investigation which
have, at their 500 ppm concentration exhibited atleast a
506 activity in depressing the pour points of BH, Na and
‘Mo crude oils, About 39 of the additives have shown good
activity and their depressions in percent are noted for

the BH gnd Na crudes in Table 115 and for Mo crude in

Table 116,

At a glance, the activity is maximum at 590 ppm
concentrations., For a 50% and above efficiency in pour

depression, as far as BH crude is concerned, there are as

many as 25 depressants at 100 ppm concentration, 31 at
200 ppm, 37 at 300 ppm and 39 at 500 ppm concentration.
The BH crude has a wax content of typical nature, besides

it .has the least asphaltene content, However, the study
has thrown good light on pour depression efficiency., As
far as Na crude concerned, the picture is as like, for
50% and above efficiency in pour depression, there are
18 depressants at 100 ppm concentration, 28 at 200 ppm,
32 at 300 ppm, and 39 at 500 ppm concentration.

At 500 ppm, those which give a 100% pour depression
efficiency are 10 for BH crude. There are about other 16
of them giving 8090 percent efficiency at 500 ppm. At
500 ppm concentration which give;a 100% pour depression
efficiency are 2 for Na crude. There are about other 19 of

them giving 80-90 percent efficiency at 500 ppm concentration.



318

s equ0D
08 09 09 oS 001 06 o8 oL wun  91-2¢  °6
cL 09 0S 0S 06 oL 09 09 win Pi-eC ‘8
oL 09 0S o€t 06 08 oL 09 wun 21-2¢ L
08 09 oS ot 00T 08 oL 09 wWun 01-2¢ °9
06 08 09 o}4 oot 06 oL 09 wWun 81-z¢ °S
09 oS Q€ o? 08 oS Of o€ wWun 8-z ¥
08 o€ (o} oc 08 0S oS ot wun 9=z '€
08 09 o¥ o¥ ot 06 08 oL waun - vee *e
001 08 oL as 001 08 o8 oL wn e-2z °1

o5 L OoE oot . cor Jgos __GOF 00t ;™.
SATITPDY

110 ET3 Ejaoyey 110 ubTy A®quiog

sebesop wdd snojdes 3 e uctssaxdsg Jnod y

S1T @27d&g



319

08

08

o8

08

06

06

06

09

09

09

09

©9

001

08

*e s 5

JUuon

93]

GG -

09

oL

oL

oL

09

0S

ov -

ov

ov

cL

oL

09

oS

o9

0s

02

09

09

0s

0s

oy

)4

OV

oL

09

0S

o¥

0%

of

09

041

0%

ov

ov

014

oc

ot

o9

o°

ool

001

ect

06

oL

08

o8

09

oL

09

09

CL

001

001

o8

06

o8

09

09

09

09

0%

oS

0S

cs

09

06

06

oL

o8

oL

0%

0S

0S

057

oy

0%

ov

0S

09

06

08

09

CL

oL

0k

oy

ov

ov

oY%

0S

ov

o

0S

0B

CL

"erauod g1l

(€)ST wa-ce
(1)ST wa-ee¢
YWD €T
¥ 81-¢CC
VWD 91-2¢Z
YWD ¥1-2C
YWD Z21-¢Z
WD 01-¢¢
YWD 8-2¢
YD 9=
wo el
VWO i
yWun ¢Z-2e
viWUn 81-22

31qEy

X
*ee

*1¢

“61

*81

L1

‘9T

*sl

A

‘ET

“ZT

*IT



09
08
oL
09
09
09

06
oL
06
08
08

09
oL

o8

oL

ov

09
09
oy
ov

oS
oL
0s
o8
oL
09
oS
09
0S

09

10274
0§
09
oV
oy
0%
0s
0S
oL
09
09

oy
0S

0S

09

ot
oS
0S
ot
ot

ot

0s

09
0Ss
0%
ov
ov

ovy

0%

09
08
oL
09
09
oL

08
oL

06

08
08
oL
08
06

08

oL

ov
oL
09
0s
o
0S
09
09
08
oL
oL
oS
oL
08

09

09

ot
09
0%
ov
ov
0s
09
oS
oL
09
09
ov
09

OL

09

09

ot
09
0S
ov
ot
ov
0S
oS
oL
0S
09
ov
09
09

oS

wana Ateq

NVY-HEad

YI™Wona
Y™ Waod

Yrwaoda .

VI-HGOT
Y AmRaoa
waa Atod
NY-Rea
YI~Waa
YW—HET
YY-naa
VW™ WE
PYATHEd

(2) 1T va-ce

" (T)Y 1€ wa-dc

‘2¢
1€
*0f
*62
*82
L2
-
5z

*ve

sevae n.uv.nHOU STT @HQMH



Table 116

Addative @ | ' sececceccecccsccacccmecrsac e —eaease———
100 200 300 500
1. 22-2 UnMA 77.8 88.9 100 100
2. 22-4 UnMA 6647 77.8 77.8 100
3, 22-6 UnMA 33,4 55 55 8849
4., 22-8 UnMA 33.4 44,5 44,5 77.8
5, 22-i8 UnMA 22,2 55. 77.8 100
6., 22-10 UnMA 33,4 - 44,5 55 77.8
7. 2212 UnMA 33,4 33,4 55 6647
8. 22-14 UnMA 33.4 44,5 44,5 667
9, 22-16 UnMA 55 55 66.7 88,9
10. 22-18 UnMA 66.7 6647 77.8 100
11. 22-22 UnMA 66.7 77.8 100 100
12, 22-2 CMA 44.5 55 77 .8 100
13, 22-4 CMA 44,5 44,5 55 77.8
14, 22-6 CHA 40 50 60 70
15, 22-8 CMA 44.5 55 55 77.8
16, 22-10 CMA 55 55 6647 77.8
17, 22-12 CiA 55 6647 66.7 88,9
18, 22-14 CMA 66,7 77.8 77.8 100
19. 22-16 CHMA 55 66.7 66.7 88.9

cont,,



Table 116 conte.

2’00
21,
22,

23.
24.
25,
26,

27.
28.
29.

30.

31.
32.
33,
34.
35,
36.
37.
38.

39.

22-18 CMA

22-22 CMA

22~PA 15(1)

22-PA 15(2)
22=PA 21 (1)

22.PA 21(2)
DBM.VAc

DBM-MMA
DBEM.AA
DBM.MA

DBM.IA

DBM-AN
Poly DBM
DODMVAG
DCDM-MIYA
DCDM-AA
DODM..MA
DCDM.IA
DODM-AN

Poly DODM

77.8
77.8
66,7
77.8

77.8
77.8

66,7

55
6647
55

6647
6647
6647
44,5
33.4
55

55

55

77.8
77 .8
77 .8

88,9
77.8
77.8
77 .8
66,7
667
T7.8
77.8
66,7
77.8
44,5
44.5
6627
55

66,7
55

77.8

88,9
88.9
77.8
100
88.9
100
77.8

77.8

77.8

77.8
77.8
77.8
55
55
77.8

66,7

77.8

66,7

88.9

322

100
100
100

1C0
100
100
100
88,9
88,9
100
100
100
100
77 .8
6647
77.8
77.8
77.8
77.8

100




" These 39 additives have shown good activity
for Mo crude also and their depressions in percent

are noted in Tables 115, 116, The activity is maximum

at 500 ppm concentrations, For a 50% and above
efficiency in pour depression is concerned, there are

27 depressants at 100 ppm, 32 depressants at 200 ppm,

37 ét 300 ppm and 39 depressants at 500 ppm concentration.
At 500 ppm concentration, those which give a 100% pour

depression efficiency are 19 depressants.

It is further interest to note that at the same
concentration, the efficiency is more marked if the
pendant alkyl chain lengths are of 22 carbons for all
the three of them, ;

Pourty such compounds as additives are subjected
to the rheological study and the observations are
recorded in Tables 53 to 99, The 35 5A (with SR-12
- gear box) Famn Viscometer has been used for the purpose.
Apparent viscosity plastiv viscosity and yield value
are the properties taken into consideration. Plottings
of plastic viscosity vs, temperature and yield value

Vs, temperature (Fig, 44 to 61 respectively).

When the intra jelly like structure is broken

down sufficiently by the additives, then the hindrances
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(3)

(4)

(s)

(6)

pendant alkyl chains occurs, the effectivity
- Prunit-
of pour:P depression becomes almost zero with the

chains ’;hortening to 14 carbons. ‘
- }ngw‘/}/

The pour,\depression activity is well maintained g,

even with a pendant alkyl chain length werth- ajﬁ

just 2 carbons in the anhydride sector of the

basic copolymer unit)provided the other two

pendant alkyl chains remain unlatered.

When all the three pendant alkyl chains of the
copolymers diminish their lengths simultaneously,
the pour depression activity experiences a steep

fall,

£
The alkyl pendant chain length of 22 carbons
attached to the other segment of a copolymer

should, however, be constant in order that the
pour depression function remains operative,

When four pendant chains are attached adjacent to
each other, the pour depression activity of the

molety is @ hampered@ to some extent but as soon

as the @ hindrance@ is Qmminized) with adequate
‘ T—

decrease in the other two chain lengths, the
- Dol
copolymer regains its pour Adepression efficiency.

7

/

7

‘%(Sefi: 7z



/

(1)

(8)

PR

hone,

(9)

On homopolymerization, the polymer unit with

two pendant chains of sufficient lengt%kwgs
devoid of any ’}gzgdrance ‘gggfect though all
the pendant alkyl chains in the repeating units
are adjacent to each other ; the pour g;gression
activity is quite superior, &

0 e
dire crude oil contemts adphaltene and resin,
A

AX play a definite role in affecting the impact
of the additives on pou; g:;resstﬁﬁ“; it can be
sald that the pendant alkyl}chains probe deeper
into their counte€:§arts eéfthe two dimensional
jededsz like waxy portion of the crude oils and
initiate a process of co-crystallization forming
three dimensional crystals of microfine size,
leavgig~no scope for a jekgiiéormatiog,whicg%-
essentially would result iqéﬁ breaking offﬁ?he

original jelly like structure of the crude oil ;
as-a~sasu&t~the pour-point depression.

The effect of the additives is guite specific in
terms of waxy and other parts of the crude oil.
An additive which is the best for the BH, Na and
Mo crude is not found effective for NK and Aam

crude oil.
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(10)

(11)

(12)

349

The best pour depressants are not necessarily

the best ' yield value ' reducers from the

rheological point of view,

The rheologically best additives may be only

better as pour depressants and vice-versa.
Rheologically improvement cé used by these
additives is also impressive as far as the BH,
Na and Mo crude concern moughw
impact on pour"bdepresm is a=tittle<bitS //C/M&] L—
superior to that on thre rheological pr0perty-.

AN Hod «ffeck o
Most of the additives have shown remarﬁable
effect in converting the non-Newtohian BH, Na
and Mo crude oils to near-Newtonian or almost

10

Newtonian é?rﬁ:ﬁmm&ng_tha,shear rate/shear

stress welationship-wiew. point. —
lp ehosrrey



