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15 Background of the Invention:-

The DOBA is a high acid crude oil originating from the Chad region of West Africa.
The DOBA is known to contain calcium naphthenate and the amount of calcium
naphthenate varies over a range from about 150 to about 700 ppm. In a typically supplied
DOBA crude oil, the amount of calcium naphthenate may vary from about 250 — about 300

20  ppm. .

The DOBA is a heavy high acid crude oil with Total Acid Number [TAN] ranging
upwards of 4.0 mg KOH/gm of sample and the API gravity is about 19. The sulfur content
in DOBA is very low to nil.

The DOBA is typically a crude oil with a lot of residue in it and for proper blending,

25 typically internationally, refiners blend it with very light crude oil or condensates to
increase the API of the resulted blend to more than 30. Such blending with light crude oil or
condensates helps to create sufficient light ends to help achieve product yields for the crude
distillation unit. The most of light crude oil or condensates thus selected generally have very
little to nil sulfur contents, which means the overall sulfur content still remains very low.

30  Further, the hydrogen sulfide (H,S) beirtg oil soluble is not present in relatively higher
quantities in these types of blends.

The pH of the wash water for desalter is generally adjusted by addition of or due to
presence of alkaline medium, selected from the group comprising sodium hydroxide (NaOH

or caustic), ammonia or amine compound, or mixture thereof. The pH of the wash water
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t he ef f40ci dFROvESR c&nyggmlc;pdﬁ@flﬂcqngnnmg calcium naphthenate is low, i.e. 79: 3% at the pH
of about 2.52 of the wash water containing the glycolic acid, which, surprisingly and

unexpectedly, substantially reduces further to about 23.7% to 21%, to about 52.3% to
36.5%, to about 56.30% to 51.9% if the pH of the wash water or wash water in the desalter
is increased to 5 or above 5 to 9 respectively due to the presence of sodium hydroxide,
25  ammonia and monoethanolamine (MEA) in the wash water or wash water in the desalter.
The inventor has, experimentally, also found that the efficiency of malic acid to
remove calcium from crude oils containing calcium naphthenate is low, i.e. 83.6% at the pH
of about 2.3 of the wash water containing the malic acid, which, surprisingly and
unexpectedly, substantially reduces further to about 24.3% to 15%, to about 54.2% to
30  45.7%, to about 73.4% to 61.9% if the pH of the wash water or wash water in the desalter is
increased to 5 or above 5 to 9 respectively due to the presence of sodium hydroxide,
ammonia and monoethanolamine in the wash water or wash water in the desalter.
The inventor has, experimentally, also found that the efficiency of citric acid to

remove calcium from crude oils containing calcium naphthenate is low, i.e. 78.2% at the pH
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The inventor has, experimentally, also found that the efficiency of glutaraldehyde to
remove calcium from crude oils containing calcium naphthenate is very low, i.e. 35.9% at
the pH of about 4.2 of the wash water containing the glutaraldehyde, which, itself being
very low, no further experiments were conducted to see effect of alkaline media generally

25  present in the wash water.

Accordingly, the industry processing DOBA or ‘its blends containing calcium
naphthenate faces serious problems in removing calcium from such oils or their blends,
particularly when pH of wash water for desalter or of the wash water in the desalter varies
between about 5 to about 11, particularly varies between about 6. to about 11, more

30 particularly varies between about 7 to about 9,.
Problem to be solved by the Invention:

It is understood from the foregoing description that the prior art additives, which

may be effective to remove calcium from DOBA crude oil containing calcium naphthenate

at low pH, i.e. at the pH after addition of said additive in the wash water, but without



The inventor has, experinentally, also found that the efficiency of

benzal dehyde to renove cal ciumfromcrude oils containing cal cium

napht hena¥We 20B3/02¢48) | ow, i.e. 20.3% at the pH of about BCA/INI012/AW4Hash

wat er containing the benzal dehyde, which, itself being very low, no further

exper i Wen%dmeofcaﬂgimetlﬁ@hm ﬁ@cethgifr feierR ta'%ﬁbweala’am udh F%lglinﬁ 20

present in the wash I nven has, exp erlne al so
f ound t hat unekpectetlly mbetn@tyallmfrec@p@stfaml@ﬁrdéthy @H th(ﬂler\éaﬁb \Y@tql: af W&S!ilrwaftfrromh@r ude

oi I's cont aéle?élﬂ'—rg is ﬁ&%@&ﬂd‘%ﬁéﬂ%@@ﬁ“dﬁe {osth%/ Efdechm alk lﬁleh e?lu?rl/ V\Eﬁtcté‘&]ﬂo H of

about 4.2 o wat er contai ni n utara sel f
bei ng ver ythe gwup nompumgmdumxbﬁtwmwokborecausjmaimmmla:orasrsee ednipeand,of

al kal i n e ly 25 present in the wash water. Accordi ngly,
the in us%&nlgr gectgglrs.e?ilng DOBA or its bl ends containing cal cium napht henate
faces serious pihetsfeesthe prorbbrmtol begsomtlbymnesémtammuom isotolpsovade arhadditiviel ends,

particul ar| er far salter t.er |nthe
desalter v |I\é\lt§]tg%%?%r§wo§% q?t 1u[nb fra?gbﬁrtu g pils Bﬁﬂfel‘ @F%‘fsl%?n@é{?[?ge\éﬁ‘ﬂg?meen
about 6 tOn@bthuﬁatellvhldhwheula(})em&bétlvelﬂd) aerrﬂqvewl&raa&ﬁurb%memd@muﬁ its/bledsabout
9,. Problemto be sol ed b understood fromthe

f or egoi ng %Oéé’elryl%tk?vbﬁ th%ta ?[p‘fif| 5]4;{??“ %fd‘&}dtard\‘}‘@’é’e‘ SrshEpteh & 1heYtact i ve

to remye garlitlonohalkeme rﬁwﬁncﬁdﬂd@o@!lhgl@QHtoﬂiltHélMh%'t&lféﬁhé@&mté}ﬁt@é&iﬂ at | ow
pH i.e. at the pH after addition of sald additive in the wash water, but

wit hout \daicruds ﬁﬂ@rocaw&ﬂ sypfemnpaitigiiaryovaencnkb pf washr waterelae Jeseléeras ob the

cal ci um  swadAniaténa e @sltel m%@%t“%@ﬁ xbo@gb%@&& wlﬁaytldufa@ly%ﬁesf pEOar, i f
the pH of the wash water or wash water in the desalter is’increased to 5 or

above ‘5 dudboih torboyrld smpreparsiculatiy wriep betivger abapt Bielabewtdd from the group
conpri si ngNgéaddfqﬁgmgﬁM de (NaOH or caustic), ammonia or ami ne conpound,
50r m xture thereof Therefore, the problemto be solved by present

i nvent1dn is t(ﬂ”lwrwh@ésra@fm{ tedécedr@ﬂﬁmm@ﬁpﬂ@rart edditineb - @lycold adidim f r om

crude o | smefc b Linlt BHESmERR! AR, GRhAIURAARI DEDRNE NN i lepligul d e
e Ol

effectlvetorermvethe calleium oméru ds” not only at

| ow pH, i.@lciem fréme ghileadil econtaiting icalpiuof nsmt}wnatd datt pH eofi abduhé wasiorevat er
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particularly at pH of about 7 to 9 could not be visualized at present.

20 However, the problem to remove calcium from crude oil or its blends containing
calcium naphthenate at low pH, i.e. at the pH after addition of the additive in the wash water
without addition of alkaline medium as well as at high. pH of about 5 or more still remains
unresolved, particularly for a situation when pH of wash water for desalter varies between 6
to 11, more particularly varies between 7 to 9.

25 Therefore, there is a need to have an additive and method for removal of calcium
from crude oils or its blends containing calcium naphthenate which is effective in removing
the calcium not only at low pH, i.e. at the pH after addition of the additive in the wash water
without addition of alkaline medium but also at high pH of about 5 or more of the wash
water for the desalter used in the crude oil processing system, particularly under a situation

30 when pH of wash water for desalter varies between 6 to 11, more particularly varies

| between 7 to 9.

Objects and Advantages of the Invention:-

Accordingly, the main object of the present invention is to provide an additive and

method of its use which is effective for removal of calcium from crude oils or its blends
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Advant ages oQladddf al6RA'dr Birie compound! BBk r L e MBI 1 obj ect of the
present invention Is to provi ddi'tive an et hod of its use which is
ef fectil¥e for rSiﬂbamtheobchcztlaf |thmpr&$eomnacnme intd provide iatnsetlipddefiod semoval of
calcium from crude oils or its blends containing calcium naphthenate at low pH, i.e. at the
pH after addition of the additive in the wash water without addition of alkaline medium but
also at high pH of about 5 or more of the wash water for the desalter used in the crude oil
processing system particularly under a situation when pH of wash water for desalter varies
20  between 6 to 11, more particularly varies between 7 to 9, wherein said high pH of 5 or more
of wash water of desalter is due to presence of alkaline medium, selected from the group
comprising sodium hydroxide (NaOH or caustic), ammonia or amine compound, or mixture -
thereof. ‘
. Other objects and advantages of the present invention will become more apparent
25  when the following description is read in conjunction with following examples, which are
not intended to limit the scope of present invention.
Description and Preferred Embodiments of the Invention:-
With aim to solve above-described industrial t)roblem of the prior art, the inventor of
present invention has found that when glyoxal is employed as an additive in processing of
30 crude oils or its blends containing calcium naphthenate in presence of water, it not only
removes the calcium from the crude oil or its blends at low pH, , i.e. at the pH after addition
of glyoxal additive in the wash water without addition of alkaline medium but, surprisingly
and unexpectedly, it effectively also removes calcium from the crude oil or its blends at

high pH of about 5 or more of the wash water for the desalter or at high pH of about 5 or
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contal % ng ar%r%loglla %;natgl%% Egrgggu%%eorl Irr1]1X Eeet%lgrggfelt?l];s l\)l\é%}l o{)serxlletd tl?a(t) after ald ition of
or due to presence of the alkaline medium (or basic solution) in the wash water, the pH of
wash water increases to about 5 or more, and it generally varies between about 5 to about
11, particularly varies between about 6 to about 11, more particularly varies between about
7 to about 9 depending upon amount of the alkaline medium (or concentration of the basic
25  solution) added or present in the wash water. |
Therefore, as per present invention, the “high pH” of wash water or wash water for
the desalter used in the crude oil processing systems is intended to includeé wash water
having pH of about 5 or more, particularly wash water having pH varying between about 6
to about 11, more particularly wash water having pH varying between about 7 to about 9,
30  wherein said “high pH” of wash water is due to addition or presence of alkaline medium (or
basic solution), selected from the group comprising sodium hydroxide (NaOH or caustlc)
ammonia or amine compound or mixture thereof in the wash water.

Accordingly, the present invention relates to an additive capable of removing

calcium from crude oil or its blends containing calcium naphthenate at low pH of about 3 to



renmoves the calciumfromthe crude oil or its blends at low pH' i.e. at the
pH after addition of glyoxal additive in the wash water w thout addition of
al kal i ne wodosm2ipesp, surprisingly and unexpectedly, it eCTantaiwedogsal so
removes cal ci umfromthe crude oil or its blends at high pH of about 5 or
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o e ot SrighRaER St B it e ot sl im e R R gbEdnuy B w L bf
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er and_wt

pH after additio additive int wash
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gmof demneralized (DM water its pHis abqut, 3.5. Accordingly, depending

upon conceff PnfoFonFinige Galgiym ‘i‘*}ﬁ’hihﬁ'éat‘i/ﬁt tesated gyithans pddjfyee pyd theradditive sy vary
from ahgut gBokf. about 4. Therefore, as per present invention, the
"l ow pH' has been referred as _pH of about 15 3.5 +1- 0.5, as it is |ntended
to include the W%fana@smemhmil@elabm prgsenfynveptiqns relates foriiseopf glypxalifen of

gl yoxal in &ash Uﬁa@:{un@?rofﬁ%délﬁl &Q@‘Bﬁ'ﬂaf @)tnla@rﬁﬁg &iciGh¥aytRhenate not only bt MY
al so be noted that the " a‘{)b&fas referred herein is intended to include
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sodi um hydr oxi caustic
15  about 9 of the wash water used in the crude oil processing system, characterized in that

crude oil or its blends containing calcium naphthenate is treated with glyoxal.

In accordance with present invention the said high pH of wash water is due to
addition or presence of alkaline medium, selected from the group comprising sodium
hydroxide (NaOH or caustic), ammonia or amine compound, or mixture thereof in the wash

20  water for the desalter. '

Accordingly, in accordance with present invention, the pH of the wash water for the
desalter varies from about 5 to about 11 pH, particularly from about 6 to 11, more
particularly from about 7 to about 11 pH.

_ In accordance with present invention, the additive of present invention is effective
25  particularly when pH of wash water for desalter is above 6, more particularly when pH of
wash water for desalter varies between 7 to 9.

Accordingly, the present invention relates to an additive capable of removing
calcium from crude oil or its blends containing calcium naphthenate not only at low pH of
about 3 to about 4, but also at high pH of about 5 or more, particularly at pH varying

30  between about 6 to about 11, more particularly at pH varying between about 7 to about 9 of
the wash water for the desalter used in the crude oil processing system, characterized in that
the additive is glyoxal, wherein said high pH of wash water is due to addition or presence of

alkaline medium, wherein the alkaline medium is selected from the group comprising



20 ammoni a or am ne conpound, or mxture thereof. It has been observed that
after addition of or due to presence of the al kaline nedium (or basic

sol ut i on)woreotdne4asash water, the pH of wash water increasegNtw2/adpasst 5 or
more, and it generally varies between about 5 to about 11, particularly

vari es between abput. 6 0 , A | v varj. ) about
7 to about g%m e&ﬁ%l%egafja%gggﬁ%ﬁﬁc}’ ag%rmérﬁaegr:%@g% f%@;o rlrlé(clﬂogn%ll I?%Fé)@%%gﬁlﬁt ration
of the basihe waSswhtut foothg desdled or present in the wash water. Therefore, as

per present invention, the. "hjgh pH' af sh wat er ar wash ter for the
desal ter used if 3% ercefrﬂ’&gmbeln*’ g‘kﬁ’r‘%‘ésggtslpﬁe\sﬁ%§lt°’(éf1eiat?sst° iaﬁ?%}hodi\é\{ar TG Y€ ude
wash wat er cakdih Agnpitudd oibboitd blenddrconminihg caRhim Aaphthehate watsdhlynatlew phlﬁoﬂ ng pH
varyi ng_bet ween abpout 6 to about. 11 re rticul arl h er having pH
varyi ng’ be‘E%@%ﬁ t‘élﬁgﬁﬂt 4 bﬂ‘b“'é‘b@hk“gé,p}%gp G\Wé‘F i N @%f?dp”ﬁ?'géfafg'p%\{\ﬁ%fv AEEh wat er
is due to Bsednl aBBUL® toRHAS @ NGRorE fraicklally AHHREYiHgbétdeeDaBUCT Balbuiit 906T) ,

sel ected fromthe grouE_ﬁco rising f‘Odi m,g dr ox| de gNa or Cahlst ihc ,
anmoni a or haMaREWeEH{os thsdesader wed ire cfePibBrcqsHng eSS frdgrygrd in tha

Accor di ngl e chidg ol 38 Ment VsHidihiAY clGhmt RPhthéhatis dsted Wih bRRADWaerein
renoving calciumfromcrude oil or its blends containing calcium,

napht henat gaidyhigh i qj' wash watepistdug tg gddition or presence of alkaline medium, wherein the
10  alkaline medium is selected from the group comprising sodium hydroxide (NaOH or

caustic), ammonia or amine compound, or mixture thereof in the wash water for the
desalter.

In yet another embodiment, the present invention also relates to use of glyoxal for
removal of calcium from crude oil or its blends containing calcium naphthenate not only at

15 low pH of about 3 to about 4, but also at high pH of about 5 or more, particularly at pH
varying between about 6 to about 11, more particularly at pH varying between about 7 to
about 9 of the wash water for the desalter used in the crude oil processing system,
characterized in that crude oil or its blends containing calcium naphthenate is treated with
glyoxal, wherein said high pH of wash water is due to addition or presence of alkaline

20 medium, wherein the alkaline medium is selected from the group comprising sodium
hydroxide (NaOH or caustic), ammonia or amine compound, or mixture thereof in the wash
water for the desalter.

In accordance with one of the preferred embodiments of the present invention, the
alkaline medium is preferably used as its aqueous solution.

25 In accordance with one of the preferred embodiments of the present invention, the V
glyoxal additive is added in the wash water tank in a mole ratio of additive to calcium
concentration varying from about 1:0.9 to 1:4, preferably about 1:2. ,

In accordance with one of the preferred embodiments of the present invention, the
crude oil and the glyoxal additive are reacted preferably at a temperature of about 80°C to

30  160°C. }

In accordance with one of the preferred embodiments of the present invention, the
glyoxal additive is identifiable by cas no. 107-22-2.
In one of the preferred embodiments, the present invention relates to an additive for

removing calcium from crude oil or its blends containing calcium naphthenate in presence

8
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nore, particularly at pH varyi ng between about 6 to about 11, nore

parti cul avbyomtozpidovar yi ng bet ween about 7 to about 9 ofPCThm20a8dv45%at er
used in the crude oil processing systens, characterized in that the
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o s £ ve | anhe bl SRR ACREBh Gel el Bph B0 R B Gt poiA
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only at |ow pH B pibslitboyt ¢ g %ﬁ%‘ﬁrtp"‘iferab'éi uhh ! pidhe W ‘Yat%r or

nor e, partf&tﬂearetmeﬁtsemﬂtuaému@mptetaégﬁ@s@wt 6 to about 11, rnore
particularly at pH varyi ng bet ween about to 15 about 9 of the wash wat er

used in the crubeadditiveys sededsin the woshywasr té‘H‘a‘lna?c‘t‘@'Flri%Of idftiygito calgiy@ oi | or

i ts bl epds sReMtALM Mayiag iehtBbtarid Renatreréably a6 3. W th gl yoxal . I'n
accordance with present invention the said high pH of wash water is due to

addi tion or prd8eeectothe anptaen preferredicmbpdigientsc the creseaininversiog islass derpr i si ng

sodi um hydb@iﬁb&'?or@&‘ﬁ@%g%al%%h%demm Bteﬁ’cis Rtalith Wﬂébhttﬁﬁatmnﬂ ure
t hereof in the wash 20water for the desalt cco '

accor dancepsghanpe ?fraé@ém megiyarer basic sofutien |§Hlleli PHl le6abgat f omﬁnpw, pﬁ@%ﬁl@ﬂbat
desal ter vggiy ugrfftﬂ/ QS to bFoQt AP ph éttdaﬁrlg_(%?%ﬁ'v%lngrftoh ét{ oA @Yl 6 to

11, nore p t| roma out 7 to n accordance
Wt h prléseﬁ,tWhemxentl on, the additive of present invention is effective 25

particularly "‘"‘tﬁé‘chE{e & E oyv&s len%%cg{tm{ugé aﬁ&&@il %1 thénﬁte 1Pt?e ?edq’mh% a?dittige;g_

particul arly when esal’ r Vari es bet wee
Accordingly, t hthe pdchm;nt glyowagnt i on relates to an additive capabl e of
renmving the basic solution is preferably selected from the group comprising aqueous solution
of sodium hydroxide, ammonia, monoethanolamine, or mixture thereof;,
20 said pH of about 5 or above, preferably of about 6 to about 11 is of the wash water:
for the desalter used in the crude oil processing system;
the additive is added in the wash water tank in a mole ratio of additive to calcium
concentration varying from about 1:0.9 to 1:4, preferably about 1:2;
the crude oil and the additive are reacted preferably at a temperature of about 80 to
25 160°C.
It may be noted that the calcium concentration referred herein is based on
concentration of calcium naphthenate present in crude oil to be treated.
In accordance with present invention, the glyoxal additive is used alone and not with
an acid.
30 In accordance with present invention, the wash water is used in the desalter of crude
oil processing systems.
In accordance with present invention, the calcium removal from crude oil or blends

thereof includes removal of calcium from oil or its blends in oil production units comprising

electrostatic separators or precipitators.



calciumfromcrude oil or its blends containing cal ci umnapht henate not
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water i1s due 't Ition or presence 0
when present additive is used to remove the calcium from calcium naphthenate in crude oil

or mixture thereof, because the present additive has been advantageously found to be
substantially effective even if pH of desalter increases to 7 or above including pH of 9to 11.
20  No additional acid is also required to reduce the pH of wash water when present additive is
ﬁsed to remove the calcium from calcium naphthenate in crude oil or mixture thereof,
because the present additive has been advantageoﬁsly found to be substantially effective
even if pH of mixture in the desalter after addition of wash water increases to 7 or above
including pH of 9 to 11. Therefore, the present additive and the method employing it will
25 neither require excess amount of present additive nor the additional acid, and hence, the
process for removing calcium from crude oil employing present additive will not be
expensive, and hence, is commefcially viable.
It may be noted that during the reaction of present additive with calcium naphthenate
in the desalter, a care is taken that pH in desalter does not go lower than 5 to avoid acid
30  corrosion.
It may also be noted that the calcium removal from crude oil as referred herein
includes removal of calcium from oil or its blends in the oil production units comprising

electrostatic separators or precipitators.
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20 nedium wherein the alkaline nediumis selected fromthe group

conpri sing sodi um hydroxi de (NaOH or caustic), amonia or am ne conpound,
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with one of the preferred enbodi nents of the present invention, the
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i th ond o7 St 8o, PRk AHGABEURREND & fof Lovis® ELRE PH YerissbPuReR 11501 y oxal

addi tive i sndioievteh fpHadf desdler Gsbone 6, Hwever? the. present additive onglydxal hdyebepiief er r ed
ntion relates to an IL.tiye for renovin '

enbodi nents, the present inv addi ti g
cal ci um f r SIREHIGlD 367 1ngPeriEdy.s FALO e a?fl?ﬁtma'&%ﬁltahuﬁﬁyﬁﬁ&w FRAEYE n
presence  @ficidh ki OfdciiBdiaptithédateia SheCrb@ if boMixdiredWhefRoPdd @nparkays the or
above, particularly at pH varying fromabout 6 to_ about 11, nore

. 5 y . . ) .
par ti cul ar PRPTt Fdtiygs.Rarigularly Hh&p osh wates alpapials alibine mediumeorabasiot i ve s
gl yoxahy StdnfioRaid. hasHiWF iR ab&vepglféfe@d'bﬁ}bﬂaﬂ vaiddsaehveddn 6l 8 M1 L R6redrO¥Rbly |

conpri sing aqueous sol ution of sodi um hydroxi de, anmmoni a, nonoet hanol am ne,
or mi xt ur ePH Natiesdetween 7 to 9, and/or when pH of desalter is above 6 even for shoxf'ter period of

treatment in the desalter without causing any disadvantages including precipitation or
fouling during the processing of crude oils. ;

It may be noted that pH in the desalter may increase to 7 or above depending upon

15  the concentration of the alkaline medium or basic solution in the wash water. However, the
present additive has been found to be effective even if pH in the desalter is between 5 to 11.

The pre'sent invention is now explained with the help of following experimental
studies conducted by the inventor, which have been incorporated for explaining its best
mode and are not intended to limit its scope. '

20  Examples of the Invention:- _

In following experimental studies, each additive — glyoxal (additive of present
invention), glycolic acid, malic acid, citric acid, maleic anhydride, benzaldehyde and
glutaraldehyde (additives of prior art) was individually charged with calcium naphthenate
(Ca-naphthénate) solution in toluene into a stainless steel aufoclave and reacted at 130°C.

25 In accordance with one of the embodiments, the solution of Ca-Napthenate was
prepared in toluene followed by addition of selected additive and ultra pure water :
[demineralized (DM) water] without pH adjustment and with pH adjustment. The individual
resulted solutions were heated to 130°C for 10 minutes followed by cooling to room
temperature. The individual resulted reacted solution was poured into a separating funnel

30 and shaken. The two separated layers were formed with top layer being the hydro-
carbonaceous layer and the bottom layer being the aqueous layef. The top layer was

“analyzed for calcium (Ca) content using Inductive Coupled Plasma [ICP], and the dried

sample from top layer was also analyzed for its Acid Value.

11



said pH of about 5 or above, preferably of about 6 to about 11 is of the
wash water for the desalter used in the crude oil processing system

t he addi twoeoix2asded in the wash water tank in a nol e parimst/o@dsi tive to
calciun11000ncentration varying fromabout 1:0.9 to 1 4, preferably about

1: 2. In o {5 Al

I nvention rel at ggpt réfgﬁeﬂﬂg}h&f&f& grﬁrrg%/nﬁaﬁgtugig?%% oanr%l cr ucfoﬁ gﬁtl% e its

bl ends contnatq}ueng hevihg am smpend o Kaneft 2247 nvpmrlastbmbxedrocfarlwnklayqr,n@dr@dum’!ﬁ or
basi c sol utjaon t r t yi ng.
from about go" l\tl V?‘RT% ﬁ% aﬁl%%{ ?Elg'fte@%%\{&e a?%el; ggbtﬂ: hxrfe?loar%ﬁ)an}cl)g{ 7 to
about 159, salbmerdeaddlttvlaes exmchsed)ml 1tsor00P/8 sctive efom:ts T(he nmatumsngerc: adacﬁed rfor 10

napht he atels reated tha addj t | hea [

basi ¢ <ot uftitsn 29t 8 Hhuto® ot BhHR;sohieBre o pdditRe o Ml NBlek s

sgl uti ?n ghdjaggﬂ wnshﬁdr/gmafie/gr anhy)gﬂatioﬁmﬂ@%hmma:mmf eatl)ec&:d gm:qtmdglm 11

t her eof ; | ou aboye y of abou o abou

is of the &%ﬂxﬂg&@g}})o"fm?%aarécgrﬁ?’i(’@%aﬁgggﬂmf’w%g crude oi | processing
system t Tiee @4léciuinirbr@ovitg aﬁdleﬁby for ﬁrb@nt’ﬁiﬂh1v%ﬁc§ﬁrldraﬁlﬁgﬂlgv@ wigto@t rati o
of additive tqo cal m concentr n.var m about 1: to 1:4,

pr ef er abl y 24BEHent e ?ﬂa{ﬁﬁ’é ??f’ﬁ?i’é 8 %/Hn ndd0PEi ve are react ed preferabl y

at a tgoperature of about 80 to 251600.

Glyoxal 3.5 : 99.9
Glycolic Acid 2.5 79.3
Malic Acid 2.3 | 83.6
Citric Acid 24 78.2
Maleic Anhydride 25 83.5
Benzaldehyde ' 34 20.3
Glutaraldehyde 42 35.9

The above data confirms that present glyoxal additive has Better efficiency té
remove calcium from crude oils containing calcium naphthenate than the prior art additives.
1t is observed that additives benzaldehyde and glutaraldehyde, being aldehydes have very

15 poor efficiency to remove calcium from crude oils containing calcium naphthenate. On the |
contrary, present glyoxal additive also being an aldehyde has far better efficiency to remove
calcium from crude oils containing calcium naphthenate.

In following Experiment Nos. 1 to 25, the pH of solution of additive in DM water
was adjusted to pH 9, 8, 7, 6, and 5 by using sodium hydroxide, and in Experiment Nos. 26

20 to 50, the pH of solution of additive in DM water was adjusted to pH 9, 8, 7, 6, and 5 by
using ammonia, and in Experiment Nos. 51 to 66, the pH of solution of additive in DM
water was adjusted to pH 9,7, 6, and 5 by using monoethanolamine (MEA) to simulate with
a condition of wash water in crude oil processing plant, and the %Efficiency for removal of

calcium has been given for treatment durations of 10 mins, 20 mins and 30 mins.
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It may be noted that the cal ciumconcentration referred herein is based on
concentration of cal ciumnaphthenate present in crude oil to be treated.

| n accor dsioce1d2s489pr esent i nvention, the gl yoxal additiPce/INzigs@dsal one
and not with an acid. 30ln accordance with present invention, the wash
water is used iRt | teer Ll P i t . o, I'N
accordance wt hﬂ%r%g%%%%?rﬁ ﬁsigrgtrﬁq §0tl’l(%§ad§g vgi1&%9@%%%%9\%{&}0@15%#8@?%% or

bl ends t heffethker expetimehats foremaatuadnt dér 20aincli 3I0mminuees vedré notr parfosméd &mdsithont oi |
production &mgtt S tcgnﬁri sing electrostatic separators or precipitators.
General |y, PR PRE % Plde oi | processing plants, the wash water is ,
accunul at ed i n Bromathk follawihgi TablepHk ¢an balobsetved tioat ttella/@ntept infthe @b llayebist ween
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o obst S scipgitheid g el g REl Yout PP BR, BIR-Suedpdd s arriens S,
sodi um hydadditivbeof presennindentioh tak Gg@Pared tPMHE NGIS layars obtained SifteOtreatinit Lvids

t hereof. In . accordance . with esenf. invention, the.present additive is
hdea to 1 Rrig Radiias ol RRE BincisBi Ckpemt abiR B Fer e B Soen 6
to about 1%mudésilsorits dieadaddniailagt wisiin adidtienate.t 0 about 9 before it enters
t he desalter. i

Upon addition of present additjve - glyoxal, the pH of wash
wat er goes dom%ttﬁ"%?lérvé e)P?E]V drisd sample PBaIQe‘i)ﬁPrHélﬁfe'gH?{*WQr affss treatment ¥tha mpunt
of gl ygsal addfighedof prdseifBiveRBoRitBshet thak tHahoGE aFistPRGER 1881 bRkl €@ he top '
invention, the present additive - glyoxal, is added alone and not with an

aci d to retfyews afterdreainest with addiyss efpriorgd- wash water after addition of

present addi ti vendss eRbdrMEs Eshiit @ht hdifiviesbiesdnt Qhvenfign Mh@&MuchkS:
present additive (already added in wash water) reacts with cal cium

napht henat &ffigisacx usmeve Eadied crvfle pihdorcits Wends) eantairing Gmnapitbengts gven desal t er
i s general : : . y\g@E about
9. It has E&%ﬁé@iﬁ%?ﬁﬁ?ﬁﬁﬂ%@ﬁﬁ palgggfgeﬁgtgg%m@?%ihs gﬁ%?g%%}?)’ Igg‘ove, no
addi t i dhal athighipHafteegentment of abque d®,G€ and 80 pHinwtbelsepfodlowing Tabites tlito é fos used
to renove ' f j ' i } XEur e
ther cof - beeatl SRl ToBLE% Th PR R oRiel 11 56 PR Bonpha i © e
subst ant i akMEAg whertinvke @V was adjustdd tof, @ds@hid?. i ncreases to 7 or above

i ncl udi ng pH ofI t al so _required . to reduce

11. addi ti,onal acid is.
Lo o o8 Poce et feef o i ARa Ak SRt pflath AdhiPeS oL ARIC AR’ a1
from cal ci acidnajoft heidanmlein ashydeide, Obdnzaldehyilex tand eglithreldelfde dre ceffestivet e

ddi t1 b t f d . tiall
e, DR R <r 0 AT e
wat er incr aawegr,tike efficiencxdglyokdl 64, setprignglyaef uRxpeotedll, veli aighfad témpdréte

present additive and the, neth | oying it 'él 25 neither, require excess
Dount of 5 BB SAUVES 6 00 o FelonaNP b 229% PsAscatEted: S B ooecs
for renmovi Rgilie atia) T8NI% G dtiid ABIdOBI. S@AWEOMAIBIY aRhRERBL 209594 itb BeBzMdhlddhot  be
expensi ve, and hence, is conmercially viable.
: and 35.9% for glutaraldehyde. : ,
25 The inventor has further found that the efficiency of all additives drops from their
respective efficiency at low pH of about 3.0 +/- 1.7 on increase of pH of wash water to
about 11, preferably to about 9, due to presence of basic medium or alkaline medium
including NaOH, ammonia or amine in the wash water (Tables 15, 16 and 17).
However, the drop in efficiency of glyoxal is, surprisingly and unexpectedly,
30  substantially very low as compared to drop in efficiency of prior art additives, i.e. '
at pH 9 in presence of NaOH after 30 mins, the efficiency of glyoxal for removal of
calcium drops from 99.9% to 88.0%, however, the efficiency of glycolic acid drops from

79.3% to 21.0%, and the efficiency of malic acid drops from 83.6% to 15.7%, and the
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It may be noted that during the reaction of present additive with cal cium
napht henate in the desalter, a care is taken that pH in desalter does not
go | ower whanidm2e49avoi d acid 30 corrosion. |t nmapcCaliswibeooast ed t hat
the cal ciumrenoval fromcrude oil as referred herein includes renoval of

cal ot um {1 QLA OF olhe B, it B 2B P PHS LT e O o

el ectrostati parators or eC| can be
concl uded adhadridehbomrfrom 8335%t<adjﬁ0%l ves - gI ycol i c aci d, malic acid, citric

acid, maleic a nzal deh d [

required effi cf%r*'qarbf 3t }g e eI %a@?‘ %‘I{CE;‘?C “ﬁ?m g ‘il?lnc?ﬁgfélymﬁﬁ?%e crude
oi | or m Xteutogsl ctﬂmrcﬁmf dropalﬁbincﬁ)ﬂ S?%ltg’ oM howmeier, wad efﬁc&hqoﬁ:gim(mcrmd :

al kal i n di um or, Q Hof .5 5 or pve, _pLef erably

oH var | S5 BRPHERR 7830021 S b 08 < Sheiian vl i b 580 860 51796k e o
when pH of axdzetaabtferenftﬁoiadi@ivtacﬁ drby\ViRne 78.20% @o P7.9%£ Bid e dificieney of ghi¢izxal has
been, surpr|S|n expec found to have substantially high

ef ficiency? héfdrﬂ(g’r%ﬂ’/@ g%é‘% ﬁgg(cal ci um napht henate in the crude oil or

m xtures ther ecfimasrly; QOPEEH preddd@f Naoplraf@fgo 2l tHe\eBSoierRAF kB UkATdy When

wash water also contains al kaline nediumor basic 10 _solution, i.e. has pH

of 5 or abBievalnfealciumteps o9 te &8 ide Howeyen the efficisney pf Bbealigrcid pH

vari es1pet ¥epNfrdm!7.39% 1PN R) thveaRicRE) 6f maesalid %pg ﬁoﬁh@\m &) 135/43% dar
shorter perlod of treatnment in the desalter wthout causin

di sadvant atie<ticiency df gfripractd fpesatrrBn’&t0% dul3-Ay: aud |th?g°fﬁﬁ'énﬁi’r @%@ﬁ@lcng of

crude oi | sanpbliridBioRGrdRPEE LRI 2RH i N the desalter may increase to 7 or
above depending upon 15 the concentration of the al kaline medi umor basic

solution in theSimdaty, wﬁpHﬁ in pessence of NeQH aiee 3@ minsathiefficiench af shyeead féround t o
be effect e
i 1emovISSF c'afcum_'df tﬁ]aﬁl ?]bea?a 6§E 4%h(}algﬁ£\wg’etcﬂ) gtf‘ffg%fl% n%lycohc a-gpi

present invention IS now xp al exper| ment al
st udi e$5 cofrdpeirend 78y % to&2i5y dlrt efficieniyiof mahiaedd Heps fromE3roo toak Sel¥oFopand
expl ai ni ngg.t ' e 0

Beanpl o5 oo IRy SR E6fs B 1IBEUFd0SR, shifle HnSicREPREmAER )
additive -arglwrfndcﬂlrol(safdnh 83. S%t@BO preesent invention), gI ycolic acid, malic

acid, citric a nal drlde de Iutar e
(additives of gérll é)laﬂ)éira??ﬁv?g °\9’.°8B‘§ %a%ceﬁﬁéé C&%W’Xl gﬁf %ﬁ?rhenate
( Ca- napht heswvsl) ofsalcitim drops frohmgmaeo E];mtl% ihm?é\&:] rtheﬁ%ica&h@ebf g&ym{ﬁlaaidel and -
reactedq at .130 n wi th one of  the 0 nts, the sol ution
of Ca- KApt &R g‘é‘“ﬁé%ﬁo%;}égh ‘?f?‘?ﬂ%f@ﬁ@ 6?‘!‘66‘@855' (ﬁpﬂ fod-3p%s¥dect ed
addi tive amd effidién mfr&mw@bﬂr dibpkefromersad ooz esl 45, @%F aNQHRS Effidiehdyobt mBidic

adj ustment and wt ustnment. The individu resulted solutions were

heated to &@U@fl#@cﬂmmﬁ% §%’§°f‘%?%owed by cooling to roomtenperature. The
i ndi vi dual  resWif@ghy, a2 pHEMinSREdh VT MRSonROAMILF0 InlthY tR SRABESIrGyokkinne!

for removal of calcium drops from 99.9% to 88.0%; however, the efficiency of glycolic acid

25  drops from 79.3% to 36.5%; the efficiency of malic acid drops from 83.6% to 45.7%, and

the efficiency of citric acid drops from 78.20% to 56.3%, and the efficiency of maleic
anhydride drops from 83.5% to 41.3%.

Similarly, at pH 8 in presence of ammonia after 30 mins, the efficiency of glyoxal

for removal of calcium drops from 99.9% to 91.7%; however, the efficiency of glycolic acid

30  drops from 79.3% to 37.7%; the efficiency of malic acid drops from 83.6% to 48.8%, and

the efficiency of citric acid drops from 78.20% to 58.9%, and the efficiency of maleic
anhydride drops from 83.5% to 42.2%.

Similarly, at pH 7 in presence of ammonia after 30 mins, the efficiency of glyoxal

for removal of calcium drops from 99.9% to 96.7%; however, the efficiency of glycolic acid
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30 and shaken. The two separated |ayers were forned with top |ayer being

t he hydro-carbonaceous | ayer and the bottom | ayer being the aqueous | ayer.
The top |wpeni3wassanal yzed for cal cium (Ca) content usi rgThNzhugboouss Coupl ed
Plasma [ICP], and the dried sarrple fromtop |layer was al so analyzed for its

Aci d Val ue. o b t Xperd ren Lo, St U bout
75 grans ofdr??g fﬁogbﬁﬁﬁ tepll/g ?o{tggﬁ%c hogf/)n?arlllc agid d%‘r%c’urr] m%? A&?éf’?g ppmin
t he hydr ocahé)efﬁcieag/}ebf cﬂm:la@d)@iurtps?fﬁorgﬂaﬁﬁ%oﬁo ﬂw%amr thi aefficiencg nafunileiof

sel ected adstJ[rve as Eﬁ)g rﬁ/wer ei n anount of selected additive is
expressed Y ‘éieff?@%r%‘t% %P7 The mi xtures were reacted for 10 5 mins,
20 mins and 30 lsirmarlyTth)mbh@fprekhee 90 bviinlonia ifter 30 ahks] th\é%ﬁﬁcﬁdiﬂy\bﬁgbomt er
were adjusted to

ition of alkaline
el oot edf T g ahFHg e d ol © Ao ot SR ACH AR RESIENER)
The Cal ci ungrégnioah 193% thidiges ale éiﬁbwﬂd’y&ﬁ‘&ﬁﬁhc%dﬂl drbpsefr@ﬂfsm% Qr479%, and
addi tives w thout adj ust ment,  of IgFa ter treatnent for 10_m ns was found to

be: 10 pH dhe dicispeb At FIFORPI Erons dram J§-2Rddtor 327 ovaide the gitfigienss of mgfic ca
A yoxal 3. 59@nhride MRk from 83l 82 1047H93. Mal i c Aci d2. 383. 6

Similarly, at pH 5 in presence of ammonia after 30 mins, the efficiency of glyoxal
10 for removal of calcium drops from 99.9% to 99.3%; however, the efficiency of glycolic acid
drops from 79.3% to 52.3%; the efficiency of malic acid drops from 83.6% to 54.2%, and
~ the efficiency of citric acid drops from 78.20% to 60.4%, and the efficiency of maleic
anhydride drops from 83.5% to 53.0%.
Similarly, at pH 9 in presence of monoethanolamine (MEA) after 30 mins, the
15  efficiency of glyoxal for removal of calcium drops from 99.9% to 80.0%; however, the
efficiency of glycolic acid drops from 79.3% to 51.9%,; the efficiency of malic acid drops
from 83.6% to 61.9%, and the efficiency of maleic anhydride drops from 83.5% to 51.4%.
Similarly, at pH 7 in presence of monoethanolarﬁine (MEA) after 30 mins, the
efficiency of glyoxal for removal of calcium drops from 99.9% to 84.4%; however, the
20 efficiency of glycolic acid drops from 79.3% to 55.6%; the efficiency of malic acid drops:
from 83.6% to 68.3%, and the efficiency of maleic anhYdride drops from 83.5% to 56.2%.
Similarly, at pH 6 in presence of monoethanolamine (MEA) after 30 mins, the
efficiency of glyoxal for removal of calcium drops from 99.9% to 88.6%; however, the
efficiency of glycolic acid drops from 79.3% to 53.7%; the efficiency of malic acid drops
25  from 83.6% to 66.2%, and the efficiency of maleic anhydride drops from 83.5% to 60.5%.
Similarly, at pH 5 in presence of monoethanolamine (MEA) after 30 mins, the
efficiency of glyoxal for removal of calcium drops from 99.9% to 90.0%; however, the
efficiency of glycolic acid drops from 79.3% to 56.3%; the efficiency of malic acid drops
~ from 83.6% to 73.4%, and the efficiency of maleic anhydride drops from 83.5% to 73.3%.
30 . Therefore, the glyoxal has surprising and unexpected technical effects in removing
' the Ca from CaNaph in crude oils not only at low pH of about 3.0 +/- 1.7, but also at high
pH varying from 5 to 11, preferably varying from 5 to 9, more preferably Qarying from 6 to
9, even more preferably varying ﬁom 7 to 9 in presence of basic medium including NaOH,

amine or ammonia, and hence, overcomes the problems of prior art by providing a technical
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Citric Acid2.478.2 Mal ei c Anhydride2.583.5 Benzal dehyde3. 420. 3

A ut ar al dehyde4. 235. 9 The above data confirns that present gl yoxal
addi ti ve weoisantap ef ficiency to renove cal ci umf rom ClPadaNZi1k/800asmNt ai ni ng
cal ci um napht henate than the prior art additives. I s observed that

addi ti ves efiaal deaxds a0 ghiiaabAshuS. Jhetnd ,s" sﬂe%ga/cg%% Y BAREYor1S

poor efficiency € calciumtromcrude arning ca
napht henat elkal@ie tiediumoot ataply , vapyies éom gltdeabre&dahly ivergingl om l:ﬁetong, Alre

al dehyde has far, better. efficien crude oils

cont ai ni ng p&%?rgl?lm‘i‘rﬁélﬁr&oﬁégg T mbfe f R e‘fa}églvgw @Bé ment Nos. 1 to 25,
the pH of sol ut itanayobe aaed thav ehei Yediolp! 1mﬁhﬁeno@$>f abjpxid tfedreimovil b alcim 6, 6,
and 5 by usin oxi de d,J i.ment S... 26, to 50 he pH
of sol uP Hu%gb g tﬂ’/zél g({ BWI"W?B y °pa‘(5‘1 “t‘@’&ytog’\g??lé’ acgiz g*?fe%ova%\?f& 5 by

usi ng arrrm RhRiunt ROsubflartiafe e high Ndghe Eelhgé @f @bout 706 1 bl 7l3f52%?|th5 ¥/$aFopOiin
additive in _DM water vvasgggépust e

7, 6, and 5 usi_ng
monoet hanolS&#RisHeY Chmajic g ‘h{ﬂ"éﬁvélt o %lF"é{“ db sttty dFW\%‘glPl Oﬁlgfeeﬁa“gen‘)fc rude

oi | processbhsg .8, 812539, the 0/8@6;5 Im: bﬂ‘i&fe)ic)f @r c&&”&‘i’@lfororfemG@dl Q)'flémcﬂx%ﬁ isbeen
gi ven for treatnent durations of

As
%ef f i ci encyubttantiplbsyssy highyd kb raaefd?l? a}b%t 73rf‘ WJ@@\?V?@T Bg f&% 6%Peaqdrﬁéﬁm99%

fur t heryoexpgro; vpRt EHB%nd%ﬁ@%dPEEﬁB ei*ﬁvienag oﬁaﬂeégnﬁpdms fot rAREVR1 Oal GRS [s Lor med
for w thout .adjustnent of om t he | ow n(? Tables, 1t can be observed

that the Caubsntialiy vqrhhtgh@f thspanggyod eboug 6351%% 4% iqugﬂfr@n&tgﬁeam@bp@dl Y,
much | ower 4f7q;r30/}@p?ﬂ{g){ﬁﬁmg&ggbpgﬁlﬁ{ hffrodideat ment with additive of present

i nventi on as co )/ers obtained after treatnment with prior
art additives i ﬁdh@a@liim@e pded dpt téﬂ rdsopeinefficincy o slynxal defdiemovad of caleimmov e

cal cium frq@of #d6 @5 t51199%.! howedbS IS SO ALy SRl LR RAPRE RENRLEss
15 calcium is very high of the range of about 34.05 to 53.97%, the %drop in efficiency of

malic acid for removal of calcium is very high of the range of about 35.17 to 45.33%, the

| %drop in efficiency of citric acid for removal of calcium is very high of the range of about
22.76 to 28.01%, and the %drop in efficiency of maleic anhydride for removal of calcium is
very high of the range of about 36.53 to 50.54% in presence of ammonia.

20 It may also be noted that the %drop in efficiency of glyoxal for removal of calcium
is just about 9.91 to 19.92%, however, the %drop in efficiency of glycolic acid for removal
of calcium is high in the range of about 29 to 34.55%, the %drop in efficiency of malic acid
for removal of calcium is high in the range of about 12.2 to 25.96%, and the %drbp in
efficiency of maleic anhydride for removal of calcium is high in the rahge of about 12.22 to

25  38.44% in presence of monoethanolamine.

These unexpected findings also confirm that glyoxal has substantially very high
performance as compared to prior art additive when wash water comprises sodium
hydroxide, and substantially high performance when wash water comprises ammonia, and
better performance when wash water comprises monoethanolamine.

30 Therefore, from these experimental studies, it can be concluded that glyoxal
additive of present invention is far better additive than prior art additives, as the calcium
removing efficiency of glyoxal, surprisingly and unexpectedly, is substantially very high.

From the above findings, it may be noted that at high pH of 5 or more, the efficiency

to remove Ca is reduced for all the additives, however, the reduction in efficiency of present
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The Acid Value of the dried sanple obtained fromthe top | ayer after
treatnent with 10 additive of present invention is higher than that of the
dri ed samnwbesiphisbned fromthe top |ayers after treatmeotr/mwedibosdsh tives
of prior art. These experi ments confirmthat additive of present

i nvention C t.er v r, its

bl ends) conﬁglltl%n%b%aal & ﬁ] iy:@%&ﬁQ%{&P@Wﬁlﬁl&jlﬁgq? qizli@t ’Ié{‘goqta?ge%d tR]% of 10
m ns (see dﬂms&aﬁrtchx@qlcbrsﬁrhmhatvglydmms capiblstfioyatcomingmblpye-dosctibtd petbldmsgf pH
after treat nt of about 10, 20 and 30 mnutes [see following Tables 1 to 5
for sodium® HI’O(S te, Tables 6 to 10 for ammonia and Tables 11 to 14 for
nonoet hanol am n&rdVBR)Jf abudecExits), it han pdicoveiudadthas preert additivéds- gliyox8l land 9.

cor 0. oA e B B PR R R R gl '
glutaral defacdiecmmaf heaedid Mymuez&nmmuagldcgauwam@m aqpiive Mzefrérﬁ?aNap h)

in crude oil +/- 1.7,. wever, the effi

gl yoxal is Cagf}’r"bF’?pg‘fvi{Yfg‘i‘t??ész h‘é‘% %@P@"d?‘i/or %ﬁ?ﬂdﬁl“@%"%\% a@B%Bﬁé’g ap tgrl or
art additi vd.abbut®, bittaldoSat aﬂthe%lgpbﬂgimmh @dat 9ahd AIuBYoT M waikly Galet,C
acid, 83.6% for malic acid, 78.20%for citric acid, 83.50% for maleic

anhydri de, Whereinsaid pHis Auesto dhaprasence-of NaOH gymymaniay monogthanglapnascor MIsHFRS

i nvent ofo hagebst! pAtaEudrauMmd tbh@et ?&Mceeéffmmﬁ RBY afnodial or Al utds iRSetf ABe from
their respective efficiency a H of about 3.0 +/- 1.7 on increase of

pH of wash Ragticelarly fugp ihe nrfsenﬁ ef BrGH} yhich, Hnprgeend cxpeigepts Wire 8drdeloof

basi c nedi %sﬁ&va?érhﬁ'shna%}mi’%ém‘s'@@' 36 OgadRBldvermoni a or amne in the
wash water (Tables 15 6 and However, the drop in efficiency of

gl yoxal is, surpt if@b’n@q yoﬁﬁdh%m@ﬁp‘%!@m dul| afficigmy Lefs presant adivey er gypiply ins
conpared to gi];rﬁﬂx i nﬁiuﬁé)&% gcﬁ%]s%st'ﬂﬁlh ee?s{r fowPdl dhiliip¥esta P&ut% ? f8 and®asPH 9

in presence I Cl ency of yoxa or renoval of
cal ci umdr ofesphrednto9the rior qirtd gdditixes.h bwegligolic tdesl, endliccacid cyitrisf agid, ywalkicc aci d

d f t ‘ .
5. oo t o 1oyt Sprflhii BRELIbRIRhide S Yonhn (R e Bebhy AR S RT
17. 0% and bdter théf prior ert@ydiovesrenéreat highrphl/afirthaieastivagts ubedomeB@de b¥ptasesking0%

systems.
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Simlarly, at pH 8 in presence of NaCH after 30 mns, the efficiency of
gl yoxal for renoval of calciumdrops from99.9%to 86.4% however, the
ef fici encwoabi3glzyssel i c acid 5 drops from 79.3% to 21. 5%pcann2aipyeooas¥ i ci ency
of malic acid drops from83.6%to 17.2%4 and the efficiency of citric acid

drops from-78.20%to 17,90 the efficien _;xpﬁel-[@?aqhydride dr ops
from83.5%to 15;7%0 Simlarly, at pHx/Sin presence gf NaOH after 30
mns, the effic@_@nﬁ:@%hgﬁgml for renmoval Sog Sealc|wfmidrops from 99.9%to
88. 7% however |” Eht'seBfw ch f glycoli ¢ gk & &R Gps= frlom 79. 3%t 0
21.7% the eff|cRecy pf| mallic acid drops|fFodn 83| 6Mt o 15./4% and the
ef fici encygof girtricracid u'[upstrom %.2“%&) 8T iveTandtihe efficiency of
mal ei ¢ anhydri de 8d¥ gps| 4 om|83. 5% to 2% &5 Bl i |y, at pH6 in
presence 0 Na%%‘;‘a&‘géﬁs% %as,ﬂthe eﬁic%@c&i‘ﬁgg%% flor renmoval of
cal ci um dr@os from 99. 9% tlo |86. 4% hadever, "theleff]cjency |of glycolic acid
15 drops filgom 1953% o] 22.15% the effili ency. of | mual | cf acid drops from 83. 6%
to 15.09% and|3 efdh| clgody, of citriic agzds dr( sﬂfrg?rig& 20% to 20. 8%
and the effici %5‘; of X[leiiSanhydri de dr 6pE f r 0Bl BBt 0 [30. 8%
Sinmilarly, at (345 i (Rpfesernce of NaQH af@iﬁgD 30{B{NE|tlme efficiency of
gl yoxal far refbgal of | clalicijum drops |from®& 99%4tb B7| 1% Hhowever, the
ef fi ci encyof —giycottcacid(20—dr ops (from79-3%tp @379 tthe efficiency of
malic acid dropsgf?om B3l 6%(to 24.3%)% and tghgﬂéeﬂ iciency of citric acid
drops from 78. Ro% 8 8| @232 |End [t he df fi clercy Sof| THE -é/arhydride dr ops
from 83.5%to A3E9E|®|™ |~ "grhilarly,| at DHEDL I ESenice qf ammoni a af ter
30 nmins, the effictency pf{ dl yoxal far, refovaf of | chl cijum drops from 99. 9%
to 88.0% weyer, the|effii gi en¢cy of ycolic a¢id 25 dropg from79.3%to
36.5% theceff|eEen @R SN aci d_depps &@oﬁgg BIBIRDIA5.|7% and the
ef fici eEyTof 7 &r¥ &+ |6¥(8ps | f r & |T8. 2098 HB|30% =R the efficiency of
mal ei ¢ &hhgdri He-dropsif 83.5% 1@ |£L. 3% Simillarly, at pH 8 in
presenc& of¢ annp@i a affer 30 mins, Zhet effi,@ en¢y|of pllyyoxdl for rempval of
cal ci umBrops f%gh 9;&.\,%/% ¢l. 7% HAduevers 2 he lelhlglerey |of glycolic acid
30 drop& firom @a3%1$§ '%{q\'the aficie‘@a of ﬁiiﬁg@(ﬁd drops from 83. 6%
to 48.8% |and tjﬁg ef1"|":Té\2Jé'§/‘\bf cit#ilc acijléﬁ]rop's‘ Ttof"78. 20% to 58.9% and
t he effi=§5i ency| o nale| c nhydride@rops r 83.5%tpb 42. 2% ‘
I~ o 2 2%
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Simlarly, at pH 7 in presence of ammonia after 30 mns, the efficiency of
gl yoxal for renoval of calciumdrops from99.9%to 96. 7% however, the

ef fi ci encyoabiglyssol ic acid WO 2013/ 024489PCT/ 1 N2012/ 0@04a820dz/00@as¥ r om
79.3%to 37.7% the efficiency of malic acid drops from83.6%to 48.2% and
the efficiency of citric acid drops from 78.20%to 59.0% and the

efficiency ¢f na ercann drijdg dr ops froméid;}éﬁ oT48. D% Siimlarly, at pH
6 in presence of|a pla aftien 30| mns|, the igiencyl of.gllyoxal 5 for
renoval of galci u&r’c‘_‘_‘o&@i\sl—\tﬁom 9. 9% t 98. 8363 E@\E\Eiﬁ' gti’% gf fici ency of
gl ycolic acijd drpp§ g PEM79:|3% t 0| 46. 8% the EfT|E|Sncy bf malic acid drops
from83.6% tla 47, 9% and| the effi(‘lencygof citTig acididrops from78.20%to
59. 2% and t effici gﬂcyo(gongl eilc anl‘gdri den_gr,gps,o1cr>bcr>rv§3.5%to 47. 9%
Simlarly, ag pH@ﬁlg}EjHﬁ@@@dgéggpf amuojg a ﬁgtm,e.;@ Fihge |4 heg ef ficiency of
gl yoxal 10 fi@r remavhidf—caFdrum| dr opiC f r om=28 3% +¢0—89/-3%| however, the
efficiency of gl reoi-eragi-didropstfromg9. 3%+e—824+3%the—df fi ci ency of
mal i c aci d drops|d Eom 83| 606t d 54)2% d tgé;‘nefflq;ienéy of |citric acid
drops from 78. 20p& £o GEﬁgﬁgﬁwgthe ef fici eBGY ofgrgléggcanhydri de drops
from 83.5%tjo 53|D% S[Fdiieyx at pH 9 i n PrPEseneok | Ar@oet hanol ani ne
(MEA) after |.30 @E‘s e [[H eﬁiqtienc of glgroxar"for renovial of cal ci um
drops from99. 9% to 80! 0P| hoviever, the effii ctrendgy|of @l ycoljic acid drops
from 79. 3% tjo 51| 9%=t he| ef f{i qi en¢cy of| malijc agi d drops from 83.6%to
61.9% and the ef f iEcE @hg)n[ef|otfal eilc anhydrided g‘irgpeéﬁfa@m.@S.S%to 51. 4%
Simlarly, at pH*f'Ei%g:gges@@rpf nonoet handl@gie|Q Y |af tler 30 mins, the
ef ficiency of gl yoEag fof remval |of clal ci meﬁigopsf om P9. 9% to 84.4%
however, the 20 efHciensyyofiglycoliclgci d—drops—Hrom7B3-3%to 55.6% the
efficiency o m & a Aroprs S rom 83.'%% tlo §8.§049o$.n<jctge ef ficiency of
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Simlarly,

for

r enoval

presence of [monogthanola (TVEA)} aft 30 m s, TN fifrciency of gl yoxal
for removal |of cal & &im dfops| f[rom|99. 9%t o 00g®4 | h \(/e\leverh the efficiency
of glycolic |aci d/d€®S| TIoIRB%t o 56. 3% |« Be SfFj@leaany of malic acid
drops from §3. 6% t%ﬂS A% | ANt he ef filci encyEal °PBI®™ g arfhydri de drops
from 83.5%t|g, 73| 3%* 30 Therleflore| the Iyoxa'rlsnas sur grijsi ng and
unexpect ed tigchnjcal effects| iin renoving the g]a from CaNa}gh in crude oils
not only at |Sow té-lgoigga@t@tg\’ﬁ@ +1- 1. 715 buls A5 6 AR M |@)cpH| varying from 5.
to 11, prefeffably ea¥ W Ho- o5 o 9, Tor e pEEt &Pt \y=|PdFying from6 to 9,
even nore pr|gfer aryinglfirom 7 to|8 i npresehcejofi-Basi-¢ nedi um
i ncludi ng Ng€H, agigne or | apmpni a, |and h€ncel. @ver copes |t he probl ens of
prior art by prorféé‘i ng (@ Refanical V\02013'i)§°448 /2|N2012/ 000453
solution in rermvigg 1% mcdaNaph in crudezgils el | N epr esence of basic
medi um or gl kal jleévme =um o |at pH vanyi ngﬁgom 5~10T,| preferably
"varying fram5 {0>9, (el preferably varying=frompg td é even nore
preferably Jarying. ffomy to 9. It may {be nptegzthat {the |%rop in
efficiency of glyox%a g .'ﬁr\@mj\cal of cal cium ES2 Bldlisiglaleut |11.9 to 13.5%
however, theg %lr ?pgi SRl ey of gI)coIie\Ecgﬁg dl@Egvall of calciumis
substantial lly veryahggh of| the range off abou a9 L1 t|0']73.52% the %lrop in
efficiency afg mliec—aci-di-fpri+enpyal off Zcal iJJJn,l.:L; rally very high
of the range®f abeut -¥0|953,(HP1.158% |Ehe Paeap- nl.eff igien¢y of citric
acid for remgval |HE §n_g ﬁ@i%%ubst@t’gallﬁ@e}%@%rﬁgﬁhe range of
about 73. &tla, 78] 26% or [P FT|oM 6 t E 95 and &bouy [0|45:|91%for pH 5, and
the %rop g n&eff rcremcy o mEhert]anty d&E deforTenpvattgf——Tal ciumi s
substantiil?‘velggpi gh_of | thel range $f “abolg 863. 11/t [83. 04% for pH from 6
to 9, andHout £FTA3%ROE RIXS i n pregenceDE sodl|lmhigtroxil de. | t
may al so b [not edz Ehat |BI@|SMR|e iln & fli ci ef® of [9|5&al|F of removal of
cal ciumisSjlust abdht 076 ol 1. 9% HKpwever|<ghe %dfop (in efficiency of
glycolic &ild—forrenpy b U5c3l ciimis—jery hig ¢ ange of about
34|. 05 to 33.197% th;O/ roqpa) in e_fflc}ecméy of mgll'éc acid {fqr rebﬂnvalj of
cal ciumismVvery hi@hg b ravge |of sabout BSEIFSIa|dm(88% the %rop in
ef ficiencyg&df ci Ij?g‘icfadpﬁﬂf%r@gmvamdf_ ca °ch‘ms'xg§'v&5§ﬁi gh of the range
of about 22.]76 to 285019% and fthe |%BpY in ef Fi&i enty| of |nal ¢i ¢ anhydri de
for removal | carciums yeryhigh &f |he [amge pfiapout—36153 to 50.54%
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at pH 6 in presence of nonoet hanol am ne (MEA) after 30 m ns,
ef ficiency of glyoxal

t he

of calciumdrops from99.9%to 88.6%
however, wbeosfhigoency of glycolic acid drops from 79. 3¢ate20a3000%3 t he
efficiency of malic acid drops 25 from 83.6%to 66.2%
of mal ei ¢ anhydride drops from83.5%to 60.5%

Simlarly,

and the efficiency

at pH5 in

[
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20lt may al so be noted that the %rop in efficiency of glyoxal for renoval
of calciumis just about 9.91 to 19.92% however, the %rop in efficiency
of gl ycolwo 2ac/ad4489r renoval of calciumis high in the ramgs2mag/o@bsut 29 to
34.55% the %rop in efficiency of malic acid for renoval of calciumis

high in th about 122 to 25.969 -he Oerop—in efficiency of
mal ei ¢ anhydride $& rengvgl {of calcijumis R@h{in the range of about 12.22
to 25 38.44% i n pEe&sEMee: ef| oypnoet harjol ani@@.gal\.::g@s;g unexpect ed
findings also congit®3 kgt §|Foxal hgs sub’sﬁ:jaﬁt‘éﬁ«hﬁ}krmerdy Hi gh performance
as conpared to pr¥& prit |addijti ve when wash=nat er | cpnprif seg sodi um
hydr oxi de, {gnd sobstant gty i per|{fsor mance Wrerr wash watjer conpri ses
ammoni a, and@ bef | Brs BrsfDGTRNge When (Wash |y grgl ¢ 0aRelsEs nMonoet hanol ani ne.
30Ther ef or ¢R frGhE(ESE Txn&Pnent al |§& udie§ iR ®|cToricl uded t hat
gl yoxal addgtive of presegnt| iinveptionds fai” better)afdditive than prior art
addi tives, |@s thoeAcaI cijum rleovi hg efifg ci epg%y off gl yoxal, gqurprisingly and
unexpect edly, i$§ubst°gm all)ly very high. 2 & Flom e, akhove findings, it
may be not ed thé‘toat h:b'@'lf_rp};! &gf b or m)re,>@1e eﬁfﬁ}ﬁeﬁ y tjo renove Ca is
reduced for all|3¥e afeliR|~{e4S hpwevdr, t B % edS|Pon|++ ef|f i ci ency of
present 201137 8244B9PCT/|I N201P/ 000453 addE ti ve|- | gl yjoxal| is,
sur pri si nglry—and—unexpectedgty;—uch |jowerthaarpriof—art—addi ti ves. These
findings confirm E’@L | yjoXal| i s|capabl e of g)ﬁeﬂrcorri npg j@above-descri bed
probl ens of the|pgiDHe| A 3|Fiom all df aboye BHBR| 2| 1| carl be concl uded
t hat present addiEive|®|Yryoxal has E oo
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but

benzal dehyde and

Py

mal ei ¢ anhydri de,

L

about 8 and about 9 of the wash water,

citric acid,

'l

22

mal i ¢ aci d,
hi gh pH of about 7,

-

i

its blends not only at high pH of about 5 and about 6,

or

gl ut ar al debypds/esspenove t he Ca from cal ci um napht henat @CT@aNaph)o4sn t he

5 substantially inproved efficiency as conpared to prior art additives -
crude oi

al so at further

gl ycolic acid,

o m, =30 v o
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basi c condition

PCT/IN2012/000453

of Ca under

r enoval

after 30 m ns

of Ca under basic condition due to presence of

% Efficiency for

r enoval

30 m ns

after
due to prweenc2efss Amoni a,

% Efficiency for

NaOH,
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in

| ow

renovi ng

BCOANIO2/0003%3 t he

processi ng systens,

2. An additive as clai ned

in the crude oil

Its bl ends containing cal ciumnapht henate at
used

and al so at high pH of about

or

WO 2013/ 024489PCT/ 1N2012/ 000453 Clainms 1. An additive capabl e of

characterized in that the additive is glyoxal.

calcium from crude oil
pH of abowO 281%w44bout 4,
wash water for the desalter
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6. A nethod as clainmed in claim5, wherein said high pH varies between
about 6 to 20about 11, particularly between about 7 to about 9. 7. A nethod
as cl ai resoi2n13g2aisn 5 or 6, wherein said high pH of waskCranzn2/h®@4siue to
addition or presence of alkaline nmediumin the wash water. 8. A nethod as
claimed in claim7, wherein said al kaline mediumis selected fromthe group
conpri sing sodi um hydroxi de (NaOH or caustic), amonia or am ne 25conpound,
or mxture thereof 9. A nmethod as clained in any one of clains 5 to 8,
wherein said glyoxal additive is added in a nole ratio of additive to

cal ci um concent r af+onvarying fromabout 1:0.9 v - é=f§r bl y about
1:2. 10. A nethod| as_ ¢l aied injany one of cla QFE%CQOﬁgt wherei n said
crude oil or bl enfg|&0tRef@pfaandiglyoxal addi EV&|akg2rdncked at a
tenperature of abpgt=8d [® MOL.T11. A nethod @s$ gl alined|in any one of
clains 5 to 10, wherein shid glyoxal is used alomnejand hof wifth an aci d.
12. A nethod as c|l@ainmed in any pne of clains 5 mog?;;:ycarqgn sai d wash
water is useg in gjjggaégaqgof Qryude oi I8 pro:n§s1ngvswstens. WO
2013/ 024489PET/ 1N212) OVOUSB + | = E -
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13. A nmethod as clainmed in any one of clains 5 to 11, wherein said cal cium
renoval fromcrude oil or blends thereof includes renoval of cal ciumfrom
oi | or itwokbsig4sdn oil production units conprising el @CTANHL2D00353
separators or precipitators. 14. Use of glyoxal for renoval of calciumfrom
crude G| or its blends containing 5cal cium napht henate at | ow pH of about
3 to about 4, and also at high pH of about 5 or nore of the wash water for
the desalter used in the crude oil processing systens, characterized in
that crude oil or its blends containing calciumnaphthenate is treated with
gl yoxal . 15. Use of glyoxal as clainmed in claim 14, wherein said high pH
varies between about 6 10to about 11, particularly between about 7 to about
9. 16. Use of glyoxal as clained in claim14 or 15, wherein said high pH of

wash water i8 dug tps4dg| §|oR or presence of al kaline mediumin the wash
water. 17. WUe of g v sgsXclaimed in claim 16, wherein said al kaline
mediumi s séﬁectedgfrcn1.he group conpri si ng sodi um hydroxi de (NaCH or
caustic), angonig 9\'=>q;ﬁg>lgponpound, or mxture thereof. 18. Use of
gl yoxal as dﬁaintqm ﬁaqg/:gng_of claims 14 to 17, wherein said glyoxal is
used al one agd ngtghi& hAak|atl ¢.
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10.
11.

12,

Claims

An additive capable of removing calcium from crude oil or its blends containing
calcium naphthenate at low pH of about 3 to about 4, and also at high pH of about 5
or more of the wash water for the desalter used in the crude oil processing systems,
characterized in that the additive is glyoxal.

An additive as claimed in claim 1, wherein said high pH varies between about 6 to
about 11, particularly between about 7 to about 9. '

An additive as claimed in claim 1 or 2, wherein said high pH of wash water is due to
addition or presence of alkaline medium in the wash water.

An additive as claimed in claim 3, wherein said alkaline medium is selected from the
group comprising sodium hydroxide (NaOH or caustic), ammonia or amine
compound, or mixture thereof.

A method for removing calcium from crude oil or its blends containing calcium
naphthenate Iat low pH of about 3 to about 4, and also at high pH of about 5 or more
of the wash water used in the crude oil processing systems, characterized in that
the crude oil or its blends containing calcium naphthenate is treated with an additive,
and the additive is glyoxal. ‘
A method as claimed in claim 5, wherein said high pH varies between about 6 to
about 11, particularly between about 7 to about 9.

A method as claimed in claim S or 6, wherein said high pH of wash water is due to
addition or presence of alkaline medium in the wash water.

A method as claimed in claim 7, wherein said alkaline medium is selected from the
group comprising sodium hydroxide (NaOH or caustic), ammonia or amine
compound, or mixture thereof.

A method as claimed in any one of claims 5 to 8, wherein said glyoxal additive is
added in a mole ratio of additive to calcium concentration varying from about 1:0.9
to 1:4, preferably about 1:2. _

A method as claimed in any one of claims 5 to 9, wherein said crude oil or blends
thereof and glyoxal additive are reacted at a temperature of about 80°C to 160°C.

A method as claimed in any one of claims 5 to 10, wherein said glyoxal is used
alone and not with an acid. |

A methbd as claimed in any one of claims 5 to 11, wherein said wash water is used

in the desalter of crude oil processing systems.
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13.

14.

15.

16.

17.

18.

A method as claimed in any one of claims 5 to 11, wherein said calcium removal
from crude oil or blends thereof includes removal of calcium from oil or its blends in
oil production units comprising electrostatic separators or precipitators.

Use of glyoxal for removal of calcium from crude oil or its blends containing
calcium naphthenate at low pH of about 3 to about 4, and also at high pH of about 5
or more of the wash water for the desalter used in the crude oil processing systems,
characterized in that crude oil or its blends containing calcium naphthenate is
treated with glyoxal. _

Use of glyoxal as claimed in claim 14, wherein said high pH varies between about 6
to about 11, particularly between about 7 to about 9.

Use of glyoxal as claimed in claim 14 or 15, wherein said high pH of wash water is
due to addition or presence of alkaline medium in the wash water.

Use of glyoxal as claimed in claim 16, wherein said alkaline medium is selected
from the group comprising sodium hydroxide (NaOH or caustic), ammonia or amine
compound, or mixture thereof. »

Use of glyoxal as claimed in any one of claims 14 to 17, wherein said glyoxal is

used alone and not with an acid.
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