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4
Adsorbents comprising amorphous'silicas with effective
average pore diameters of about 60 to about 5000 Angstroms
are useful for the removal of soaps and phosphdiipids ylong
“with associated metal ions from caustic-treated or caustic-

refined glyceride oils.
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Adeorbentes  couprlelng amorphous sillcas‘

Wlth efrectlve average pore diameters of about

&)  to about LR Angstroums are uselful for the
femoval  of soaps and phospholipides along with
aspociated metal lous from csaustic-Lreated or

‘caustlo-refined glyeeride olls.

M
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f 1‘& fagine h\.‘.i«.a'& Y AN uh,

respectLvely,

QK I MAT COHCERI: | 2 6 6 8 1

i I ENOWH THAY HE,VNILEIAM'ALAN-HELSH AND

BOGLANOE, both vitisene of  the

spates of Amerlen, of 12550 IHall Shop

Road, Fulton, Maryluand- 20759, Unxiud &tubeb of .. .

5457 Tiited Stone, cqlumbxa,

Maryland 21045, Ynlted’ Statﬁs of Americam o

hav» invented a Curtuin new and :

Jmpruvlmcut iu HETHOD FOR TREATIHG

CAUSTIC-REFIHED GLYGERIDE'OILS FOR REMOV&L oF

PHOSPHOLIPID3", «of which the

following 1l a ﬁpécificabionA
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This invention relates to a method for
refining glyesride oils by contacting the ;oils
with an adsorbent capable of vemoving certain”
impurities.  More specifically, it has 'beén
found  that amorphous silicas are . quite
&ffagtive in adsorbing both soaps  and
phespholipids frow caustie treated or  caustie
-refined,glyéeride cils, to produce Qil pfoducts
with asubotantislly 1ow¢red' concentv&tiqns‘ of
thene impnvrities. Wor pRBurposes of ,thié
gpacitication. the term "lwpurities” refers e
coaps et phospholipids.  The phoaphollp}dé.are
agaaclated  with metal tons aad  together they
wilt Dbe referved to as  “trace contaminunts.”
The tarm  “glyceride oils” as uesed hareig s
totandasd to enconpass both vegetable and animal
of b, The © term  is primafily intendsd  to
dﬂscrihﬁ'th; so-czalled edlble cils, 1.e., olls
Jevived from frultes or ceaeds of plants and used
chitefiy A feodstaffs. but 1t is  understeod
that otls wheso end use 1s ag non-edlbles are
te  bLe ineluded  ac well. The invention is

~apprlicable to oils which have been wybjected to

o ]
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‘cauatic  treatment, which ie the refining etep

in wuhich soape are forwed in the oil.

‘Crude “iYC¢de€ ollis, particuluwly
vegetable  ©3ls, are refloed by a4 pulti-stage.

procaas ., the ﬁirst sbop of vbhlch typleally is

5
“degunming”  or “desllming” by breatment  wlth
water or with a chewminal such as phouphofic
acid,  oltric acid or acetic wanhvdride. This
treatument removés same but not all gums énd

10 ccgbaim other contaminsnts. some  of ;the
Fhospharug con@enb of thg cll is femoved wlth
:he fumm. Elther crude op dégummed oii nay  be
AGATSd  An g aber .- . ‘

15 TEOUSE.  Tha aadiryen out, SOV refining

| Ezgsti? goda Lo exampiedl é%kall =0 lution,

Wmed  o4] Caugey ‘v s crude or

nel.ltl-&] 4o e
LLaath Lony A'»f
i - Er

fatty aclds to Form soape. e sboeg il
refining process will be referred to herein as
"ecausbic trealment” and olle btreated 1in  this

20 manaar will be referred to ae "caustlic treated

olls. Scaps geusrated during caustic treatment
' e A
Ana s na

“are an lmpurity which nust be remcved from the

il becauss Lhey have a detrimental effaot on -
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the fluvor and stabllity of the finished oil.
Horeover, the preswence of socape is harmfulto
the catalyveste wsed in Lhe o0il hydrogenaticn

.

procega

Current industrisl practice is to ftirst
remove goape be centrifugal sepgrat;on
(referved to aﬁ "primary centrifugation). In
this specification, olly which have bpen
Buchctcd to caustic treatment and.-primary
centrifugation will bairéferred to ae “canstic
refined” oil. Conventionally, the caustic
refined  oi1l, whick stiil has significant asoap
contenil, 13 subjected te a water wash, which
digsolves the eoapa from the oll phase into the
AQUaoNE phags ., the Luo phaags ars uuparated'by
centrifugation, altbough completes ueéaration of
the phgses‘iﬂ not possible, even under the bLeot
of wconditlons. The light phase discha}ge is
walter-washed <©1il which now has raducédl Boyup
content, The heavy phase 1 & dilute soapy
water golutlon, Frequently, the water wash and

centrifugation stepe must be repeated in  order

r
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Corpeebiins Ghe geap conbout of Ghe il below

abwnrs P v, The gater-washed oll they  must
Lo dvued to romove reaidoal woistnre t¢  bLelow
o

about 51 gelghl neveant. The drited o1l is

o

Thou either  trancforred (o Lhe Liasaching

etz or 1 shipped or stoved s once-refined

A wigidricaut part of the wasts diacharge

fiow  dhe  caduiic redining of rege table 01l

14 vodu s Tron the guater ﬁauh’pruu%ua used  to
Powcn . soaps.  In ract, & prisars rumﬁoh for
voflaers’ dew of Lhe physleal refiniug  prozess

1 fo: wvodd o Ll wWastLoatbeauany - pioduwtion
avuon Lated  wivh remaval oy Seaps genziated In

LL Cobhe vanstiv reiinang process: sinee nwo canastic
Lo wsed s Lo opbrsioal cofisiog, Wy SOaRER 4re
goansited, In dddi‘;gn, i Live 'caUatic

Pl ity Proas, abinn uil S Loct du the water

viteh pruc:ug._ In Lhoe causbic velinlag prduess

=t v abloh this tavoutson talkaten, morauver, the
dataig STVINT QW RS N 115 FERCREN TS I l;}.f;‘ At L«: 1’.01'.0

dluposal, GLypically with an Inorgantc acld such

r S—
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Be gul fovie acid i 5 PEOCE GG teyrmed
acidulation.  bulinrie andd e Froguently o,

14 can be ecen dhab o gudbe . o o f Beparato

anlt  operablons ol up Llie poap ool
5! proces,  wach of whioh regults e uoleds dang s

of o)l loea.  The ramaru 1ol A baposal of aonps
end  agueons  soapsbock s on ol the  wost
conglderabile  problums sncocraked  wlth b

cangtio refluing of glyceride olla,

19 T additlon b0 ruméval of  soaps craated
ju the caustie rotfinlng procens, phuﬁﬁhoruﬂ—
pontalning Tratse coetaminanls waeio be femoVed
frow >thm il The preocseno of theoe tracé
conbaminasuta < fed o F ocolors,  wdors tiiad

15 . f]nvoru\ Voo A Finlobesd i1 ‘pronﬁb Lheaa
componads g chodpbod Lpdads, v tuh whieh | are
&t:‘.‘t‘,i-.)l‘; Latod  fooic Cocms of Ll we tale  onlelam,
magn&alpm, Joeany mreko et e pqrposwuaf
thig  Loveoblon, valeraaesod tu Lhe T”Shl(lVl;]. 3%

adaorption ot phosphotiplda igintonded algo Lo

i
b

refer L vemodal  or  adsorption of rhe

ancosiated ezl fong. Adsorpblon of

r
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phosphorus ou 2oriows adsorboenta 2for sxamnple,
bleaching w=arthd hao been practised but  on ly
with rogpeot o wlle undergalng phyoleal

»

refining (Lo wbilol ne woaps sre dgenerated)  or

in  caunetio refiniog oubseguent Lo water  waol

vhops  Lln uabhidch Blo woaps ore removedy . By

aduerillon procease has osccomplished the removal

o btoh wuers sud phospholipids at o oen early

wha s ol CGabas e idng whire large
guaptitico ol woape are pressoent. '
The preseont Lavant o provides a

Sleple  ploslool  adoscpllou process by which
coupn snd phospholiplids can be rewmoved  from

Grunb b Lpwebodd o cotwes bl retned o vegetable

vive 3o om Gangte voi . wporaboadd. Thhotiinues
Ldori Sop Lesten by wllminates L noed Lo

subdect conglic Lreoabed on cauablc refiaed  oll

Lo a waber washiiong proessas b woder Lo Uermisy o
BLabh Pt wlue  aliwluabeo vl poed  for  a
Goparnts  adoospidon pracess Lo rodace the

phouplnlipid  contoeet of bhie oal Lhe pi’u«:zic{iis

described  hevrcelns utillass  mesorphone silica
f
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adgorbents having an average pore diameter of
greatuer  than 6WA  which can  remove all or
substantially all Soups from the oll and whichf
raduce Lhe phospbolipld content on the ¢ll to

& al least below 15 parts per million, preferably
below 6  paris pel million, mnost preferably .

cubatantially Go aovo.

Ldoorption oI ooaks and phosphelipids
{Logether  with asgociated contaminants) onto
13 aworphous silica in the marmer described herein

affers cereal advantage Lty caustic refining by

eliwinating Lhik. sovelal unit operntions
voquired when convehtlional water—wushing,,
cenbrifugation  and dryvliong  ware employed tov
1% remove  soaps yrom the oiLaL In addztion, the

nei method elimicates the need for wastewater
treatment  and disposal frow thoss  operations.
"Over  and above Lhe coul gavings realized from:
‘thlu tremetdous simplification  of Lhe il
2 prozsessing, the qurall yalue of Lhe product is
‘1uurcaﬂed since a sispirficant  by-product of

convent ional cavstic refining Lo dilute

9
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agueous soapstock, which is of very low wvalue
and reguires eubstantial treatwent before
disposal ie permitted by environmental

anthoribty.

[t 1s also intended that use of the method
of  thig  invention may reduce o potuntlully
eliminate Ll nead for  bleaching carth
{reatuenl. Tis this inveution only one o
adecrption  step i used for removal  of puih
soaps aod phospholipldu. Addltional  treatment
dith bleaching warth 1o USROVE C these
impgritieﬁ typically ﬁlll not e regulired.
Bedu-tion or elim;natiou of A additional
bleudhiﬁg sarth step will result 1in gubstantial
oll conservation as this step cypically rasulta
in significant oil loas. Moreaver. since spent
bhlaaching earth has @ tendency o undergo
spontaneous combustion, raductivn or
climination of this step will yi¢ld an
ocoupationally and cavivonmentally safer

PraCess .
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Aaadditional object of the invention is to

vimplify the recovery costs and progessing . now

sseocialed  wiih

soapstacl Yor use in Che wilbal

The spoent  silica

aninal foseds ¢ither as Ly or

e amvsrt

The  nmeed in the convenltonal
procepss for drying or concenhy

soapatock 1s elimninated by this

lu Lhe accowpanying drawinge,

a guraphic represcuts of
for ihe i
ceombiinod phogphiolipids
luotherms are based on tha

IT as shown in Tuble V.

Figure 2 1u a graphic

alosorplion igotherws for

of  the

preparat ion

aftar
Lhe soaps Into frac
SRESTR IR i I

At b Lhe

adsorplion

capacity of  amworphous

recutts of

agqueous

Lzed  industry.

adusrbent can be used in

acidulation
fatty acide.
rafining

dilute

Invention.

Figure 1 1ip
isotherms

silica for
Saaps. | Tha

Exambla

raepregentation of

capaclity of

aimsor phons slilca for phosgholipids, for treated

o1l with 5 &3 parts per million

The igolherns are  based

11

vesidual acap.

the resulte of
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Example 11 as abvun i

‘u Talile V.

Tive  pitecent  davoabion i based on Lhe

Jisoeerers Llhwat atpordeine sllicas are

particulorly  well o

o

plycaeride  oilo.  The

for  Lhe pepesal o€ 8

conterbing aoauernsb b

aited  for  roewoving both

" " . ) .
soaps  and phospholiplds fvom catcibia  reflued

L wE Lhé Ltaventlon

e wERrLT e Somprlies

Foeofend v cane b bo e fded

glrearids all vih bbb COALY nrnd

16 chosphel tpida  wlth morphons galicw, allowing

tha osaps and pessphe

L SO LRDOT oL

Abporvenb -wreabed o1d

Py W provuews ol

Tipide o be adnorbed cnto

can, o oamd o wep wablug Ll

Crua bhie adoorbaent

Chill dovontlon godawss  wod

15 . phospholiplde are pemevd Frow olla fooa single

advorption . shep. Mo

Lhat iporeszing levels

vaover, Jb has beon Found

of moap by the o1l Lo b

e bad o taad Ly b sed tho capucity of  Lhe

RTINS TERE SRR S N N AR G Vi

MA Y] 1o, Lhve paruiiciies ol

alsorh  phoupbeoraa, Woal”

goapbs b lavelds below bhe

wace d g adaorbent capae gk ol the ol Jica  makes

it pozolble Lo aubstanbladly poebune . phaosphorag

8
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contonh wl lower Gilion aaago than s roguived

in ile shaercsy of aouaps.

The Qi

The prdueﬂs dosaeribed hersin can  be  used
for the rewoval of phosphollpidas  from  auy
cawtile  relfined giyuerid@ aiL,  for  example
od s v woybean, peanut, rapasand, O,
aunfiower,  pslm, coconut, olive, mottonﬂeéd,
ele. The cngatig refining process involves the
povilratisation  of Lhe frec fatty acld contant
of  crude  or degummed oil by trveatment  with
bogen,  such  ws sodiaw l'xy'd.l'l;:)s-;lr.i-;: or  sodiam
carkonate, whildh Lypiually sré used in fﬁqueous

]
uolutlon, The neutralized freo sttty acld
presant as the slkall or alkalloe carth salt ia
doeliaed a8 sovap . The scap content of  austlce
Lraavend ui] will vavry dependiag o the free
Pabey  content  of the unreflined il Yalueg
diveteosed as bBypiloal in the industry vary  tron
Sleanis 0 prm goap Tor  caustic  treatsed  oil.
Ciricikoon, 1., Haodbook of Soy 01l Process Ing

wud Utidlzation, Chapter 7. “Refining,” p. 21

!
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than  slhonbk 5@ pim, pocording Fo gansrul

induatey  practlice Aa on 1llustration of  Lhe

reflning goals with regpect R AY) Lrace

conbantusalo, typloal  phosphoraws levels in
soybenn o1l at vardows  sbhages  of ahicricul

voliving are ehowie in Table I

r
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In addition to phospholipld removal, the
Proceses  of this Invaniion alece  removes from
ediblé olle demie fmrmmlgr the wetalp calclum,
magnesiom, iron gpd supper, which sre ‘ballcvcdl
Lo be chemically associated with phospholipldas,
and  whlch are remeved ig conjunction Qith _thw
phospholipide . These metal loug .themsalves
have a deletsrioue effaot on the refined oil
Products. - Caleium Gind  pagnesium iong can
result in  the formation of pracipicéﬂes,
bParticularly with Frae Fatty asids, r&mﬁlting‘
in ‘undesired 80aps le the finished afil. The
pregence of  Jron amd COppe ‘lons brdmtev
OX1dal Lws inatahllity. Horeover, each of thesge
mstal long i assoclated With catalyat
pPoluoning where thcrefjnmd oll ig catalytically
hydrogenats.g. Typlonl cencentrations of these
hetale 15 Sorbeng Gil s, vafious stages of
chemical ‘reflintng  srn Shaown  in Tabic If
Throughout  4he dpﬁﬁriptiun of this lnventlon,
unleps otherwimérindicated. relerence to  the
rcmowAl et phospliolipid.g 18 maant to CCOMERE

the remnoval of associabed netal lone ag vell,

17
f
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sliicas deseribed bolow  exbiilit

The Adaoreption Prooedy

aapeltly for adeorption of

1

The

26631

aporphous

Boaps

«

very. hiigh

and

phospholipids. The capacity of the silicae for

phospliolipids is improved with

levelds  In the  starvtipyg  oild,

increasliug soap

provided  that

sufficisnt silica 13 used to obtaln

Tie

3ig

abed  otll with sonp laveia of

adsorbent-

approsimstely

P Cr less. It 1w when the residual  soap

levels (in the adsorbent-treated

oil

y  Ffall

bolow aboutb 3@ pewm that the lucraaced capacity

ol

the silica for phospholipld  adeorption is

ey, L is pelieved that the Lotal

ayailnhle

adeorpbloen capacity of awerphous silicals about

Ll

the

ceales i

l|u‘_‘

I,

e TR owt % on a dry bacls.

The siilics uvage should be adjusted so that

totul soup aand phospholipid content «f  the

vacacd aboat B Lo TH wt. s of the

added on a dry basis The maxloumn

trealed or cansatic refined oll  dowes

cillion

adsorption

capacity observed in a particular application

T

srpected o be o fanctlicen of

the

gpecific

f
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properbiess of the allice used, the all Ltype sand

vlage ol reflinement, apd processing conditione

gk 48 bemporatures, degree  of  mixing  and

slliva-oil contact biwe, Taloulations  for a
agyecifio application are well within . the
knoulaedge  of 0o peveen of  ovdinary skill  ae

guldzd by Lhie ppecificalion.

The édaﬁrrtiun step Lha=ll e acconpliehed
Ly conventicnal methodeg In which the amorphons
elllen and the oll are contancted, preferably in
a mmunnsr  vhich facilitates  the adgovphtlon.
The adsorption shap nay b= Ey aﬁy conventent
bateh  or contlonuousg praoess. In any case,
agltatlon or obthavr mixing will  euhance  the

adsorption offlaiaency of the sillica.

The aduorleon cun ba copducted  at ony
convenlent  btempoerature at which the oll ts &
liquid., Tbe caustlec refined oll and amorphons
gilicn  are contaclaed as degoribed ahbvé for. a

pertod ecnffictent Lo achleve  the deaired

levels of gvusp and pheerpholipid In the tLreabed

19 -

r .
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ail. The specific contact time will vary
somewhat with the selected process, i.e., batch
or continuous. In addition, the adsorbent
usage, that is, the relative qguantity of
5 adsorbent. brought into cbntaob with the oil,
will affect the amount, of BEOAPE and
phospholipids removed. The adsorption usage is
quantified as the weight percent of amorphous
sllica (on a dry weight basis after ignition at
13 1758°F  or 955°C), calculated on the Dbasis of
the weight of the o0il processed. The preferred
adsorbent usage is at least about 0.01 to about
1.0 wt. %, dry basis, most preferably at least

about 0.1 to about 0.15 wt. %, dry basis.

15 : A geen  in  the Examples, significant
"““ﬁwa%@aﬁdtidnmwiﬁﬁéaéﬁw5ﬁirﬁh63ﬁhélipid‘céntentllis
achievved by the method of this invention. The

soap content and the phosphorus content of the

treated o©il willl depend primarily on the oil

210 itself, as well as on the silica, usage,
process, eto. For example, by reference to

Table 1T, it will Dbe appreciated that the

20 -
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initial scap content will vary significantly
depending whether the o1l is treated by this
adsorption method following caustic treatment
or following primary centrrifugation.
Similarly, the phosphorus content will be

somewhat reduced following degumming, caustic

treatment and/or primary centrifuge. However,
phosphorus levels of 1less than 15 oom,
preferably less than 5H.¢ ppm, and most

preferably less than 1.8 ppm, and scap levels
of less than 58 ppm, preferably less than about
19 ppm and most preferably substantially =zero

ppm, can be achieved by this adsorppion method,

Following adsorption, the s0ap and

'3-""“.,\"“""."'1'-"’ g R .

phospholipid énriuhed silica is removed from

*

G0 am Sy I . " [T

the adsorbent-treated oil by any convenient
means, for exanple, by filtration or
centrifugation. The 01l may be subjected to
additional finishing processes, such as  sleam
refining, bLleaching and/or deodorising. With
low phosphorus and soap levels,it may be

feagible to use heat bleaching instead of a

21 -

e,
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bleaching earth etep, which is associated with
slgnificant oll losees. Even where blesching
earth operation are to be emnployed,

simultaneous or sequential treatment with

5 amorphous silica and bleaching esarth provides
an  extremely efflcient overall process. By

first using the method of this invention to
decrease the soap and phospholipld content, and
then treating with Dblesching earth, the
19 effectiveness of Lthe latter step is  increased.
Cewiaes vew Therefore, o either  the quantity of blgaching RERETTAY
earth required can be significantly reduced, or ‘
the bleaching earth will operate more
effectively per unit weight. The spent sillica
15 may be used in animal feed, either as 16, or
following acidulstion to reconvert the soaps
into fatty acide. Alternatively, it may be
feasible to elute Lhe adsorbed impurities from
the spent eilica  in order +to re-cycle the

VA gllica for further oil treatment.




Hag,

The ternm "amorphous s8ilica" as used hereip
is intended to embrace 8ilica gels,

bPrecipitated 8llicas, dialytic silicas and

[$3]

fumed 8illicas {p their various bprepared or
activated forms, Both silica gels and
Precipitated Bilicas are Prepared by the
destabilization vf aqueous silicate solutions
by acid Neutralisation, In the Preparation of

13 8ilica gel, a 8ilica hydrogel I8 formed which

ii¢b‘qﬁm*WU“The WAFHEY " hydrogel may be milled or it may be
dried, Ultimately to the point Where its
structure o longer changes as g result of
15 shrinkage. The drizd, stable silica is termed
a Xerogel., In the Preparation of Precipitated
Bilicas, the destabilization is ecarried out in
the presence of Polymerization inhibitors, such
a8  lnorganic salts, which cause Precipitation
21 of hydrated silica, The brecipitate typically
is filtered, Washed and dried. Fop Preparation

of gels or Precipitates useful in this

then typically is washed to low salt cantent,.,
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29

invention, it ig preferred to initially dry the
gel or precipitate to the desired water
content. Alternatively, they can be dried and
then water can be added to reach the desired
vater  content before nse. Dialytic silica ig
brepared by precipitation of s51lica from &
soluble sillicate solution containing
electrolyte galts (e.g., NaNO g4, Na2804, KNOg)
while electrodialyzing, =as described in rending
U.5. patent application Serial No. 533, 206

(Winyall), "Particulate Dialytic Silica," filed

il

M, orvmSeDtenber 205 1988" oy ‘United States Patent

No. 4528607 . Fumed silicas (or pyrogenic
8ilicas) are prepared from sllicon

tetrachloride by high-tenperature hydrolysis or

other convenient methods . The grecific
manufacturing procesg used to prepare the
amorphous silica is not eXpected to affect  itg

utility in this method.

In the preferred embodiment of this
Invention, the silica adsorbent will have the

highest possible surface aren in pures  which

i
[gu}
=Y
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15

are large enough to permit access to the soap
and phospholipid molecules, while being capable
of maintaining good structural integrity upon
contact with +the oil. The requirvement of
stractural integrity ig particularly impartant
where the eilica adsorbents are wused- in
contimions flow systhems, which are suscepthible
to disruption and plugging. Amorphous sllicas
sultable for use in thies procese have surface
areas  of uap to about 12080 square meters per
gram, preferably botween 182 and 1200 square

meters per gram. It is preferred, as well, for

c a6 much as possible of the surface area to be

“; fadd i 1 are ’ .= \ . t ~
fwmﬁuhwmmm«;wﬁgﬁ}ﬁiyyﬂmlg'Pﬂgmﬁw”lphﬂdiametgr& greater than

64

The methad of this invention utilizes
amorphous silicas with substantial porosity
contained in pores having diameters greater
than about 60A, a3 defined herein, after
appropriate activation. Activvation typically
is  accomplished Ly heating to temperatures of

about 450 to TERCF (238 to 37900) in  wvaccum,.

!
a8}
&

!
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One  conventlon which descrives silicas is
average pore diameter ("APD"), typically
defined &as that pore diameter at which 5@% of
the eurface area or pore volume 1& contained
) In pores with dismcters grester than the stated
AFPD and  50% 1s conteined 1in  pores with
diaTetera less than the stated APD.  Thus, in
amorphous  gilicas sultable for use in  the
method of thies invention, at least 5@% of the
‘10 pore volume willl be in pores of at least BOA
diamweter. Silicas with & higher proportion of

pores with diawmeturs greater than 60A will be

preferred, ae these will contain = greater
Vel st lipumbey BT potétitial ‘adsorption sltes. The

15 rractical upper APD limit ig ab@ut SOPDA .

Silicas which have measured intraparticle

APDs  within the stated range will be suitsble

for use in this process. Alternsatively, the
required porosity may be achieved by the

28 creation of an arbificial bpore network of
interparticle voids in the 60 to S5@00A range.

For example, non-porous silicas (i1.e., fumed

l
]
J5
i




gilica) can be used as  aggregated particles.
Silicas, with or without the required porosity,
may be used under conditions which create thie
artificial pore network. Thues the criterior
5 for selecting sultable amorphous esilicas for
use In  thils process 1ls the presence of an
"effective average pore diameter” greater than
6134 . This tern  includes hoth measured
intraparticle APD  and interparticle APD,
10 designating the pores created by aggregation or

racking of sllica particles.

The APD wvalue (in Angstroms) can be

tfg“,VNM”wimmeapuredauubv;umsev&ral~ methoda -or CAR 4o DO v e

‘ ‘

approximated by the following equation, which

15 assumes model pores of cylindrical geomefry:

(1) APD (A) = 44,028 x PV (co/gm),

SA (M2/gm)

where PV is pore volumme (measured in  cubice

o
St

centimeters per gram) and SA is  esurface &ares

(measured in square meLers per gram).




Both nitrogen mad mercary porosimetry may
be used to measure rore volume 1in Xerogels, i
precipitated gilicas and  disalytiao silicas.

Pare volume may be measared by  the nitrogen

Brunauer-Emmett-Teller ("B-E-T") method
described in  Brunauer et al., J. Am. Chen.
Boc., Vol 6@, . 3099 (1838). This method
depends on the condensation of nitrogen -into
the pores of activated 6llica and is useful for
measuring pores with diameters up to about
6204 . If the sample containe poreg with
diamters grester than about B@PA, the pore size
distribution, at loast of the larger prores, 1is

determined by mercury porosimetry as described

CEARS RN

R
Vitm,

Parin 1B RISEEYT ©4'A10, Ind. Ene. Chem. Anal.  Ed.
17,787 (1945) . This method 1is basged on
determining the bressure  required +to  force
mereury into the pores of the sample, Meroury
porosimetry, which is useful from abéut 32 to
about 14,000 A, nay be used alone for measuring
pare  volumes  in gilicas having pores with
diameters hoth ubove and below 6UDA .

Alternatively, nitrogen rorosimetry can be used

".18
o .
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in conjunction with mercury porosimetry for

these eilicas. For

measurement of APDs below

600A, it wmay be desired to

obtained by both methods.

volume 1 used 1n Egquation

C

(

ompare the regults
The calculated PV

1).

1
For determining pore volume of hydrogels, &

different procedure,

relationship between

whi

por

ch

(51

content, is used. A sample

weighed into & container

T
ol e W s

Feroved  "fFolh T the” &

temperatures (l.e.,

s
el g e s
.

a

£

nple

bout

asgumes & direct
volume and water
aof the hydrogel is

and &all water 1is

wie

by vacuum at  low-

roomw Lemperature).

The sample is then heated to about.45® Lo TPR°F

(230°  a79°C) to activate.

the sample is re-weoghed

After activation,

to determine the

weight of the silica on a dry basis, and the

pore volume is calculated by the equation:

(2) PV {(co/gm) =

o
Q)

TV

817

ar
EAY

TV

where TV is total volatiles, determined by the
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wet, and dry waight differential. An
alternative method wof seleslationg TV is  to
measures weight lose on  ignition at  175@°F
(955°C), (see Equation (9) in Example II). The
PV value calculated in this manner is then used

in Equation (1).

The wsurface area measurement in the APD
€quation is measured bythe nitrogen B-E-T
surface area method, described in the Brunauer
et al., article, gupra. The surface area of
all types of appropriately activated amorphous
sllicas can be measured by this method. the
measured SA is usgq'invﬂquation”(l) with the

R e R R R i , g
.

measured PV to calculate the APD of the gilica.

The purity of the amorphous silica used in
this 1invention is not believed to be critical
in terma of the adasorption of goaps
andphospholipids. However, where the finished
products  are intended to be food grade olls
care should be taken to ensure that the silica

used  dees  not  contain  leachable impurities

- 3a -




which
uee

a

19%,

present..

1@ The

1imit

RRTELR ERUTU RO,

(&3]

o

could compromise the desired purity

the product(s).

although

of

comprise

titanium

il1lustrative
the

following

Uy e A e L
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of

It is preferred, therefore, +to

substantially pure samorphouns sllica,

winor amounts, 1.e., less than sabout

other inorganic constltuents may be

For example, sultable silicas may

iron «&as& Eezﬂa, aluminuam as A1203,

as TiOz, calcinm ag Cald, sodlum as

.

NaoQ, zirconium as Zr0n,, and/or trace elements.

examples which follow are given for

purposes and are not meant to

invention described herein. The

used

A i R
g

been

v [

abbreviations have

dacteenr
[}

throughout’id describing the invention:

A -  Angstrom(s)

AFD - average pore diameter
B~-E-T -  Brunauer-Emmett-teller
C - ¢apacity

Ca - wcalcium

ce - ¢ubic centimeter(s)

cm -  centimeter

Cu - copper

[=1]

oAt e




O¢ - Jdegrees Centigrade

db - dry basis
Of - degrees Fahrenheit
Fe - Iron
5 am - gram(s)

f ICP - Inductively Coupled Plasma

é i m - meter

? E Mg - magnesium

.

3 % min -  minutes

1 ! 18 . oml - milliliter(s)

"% P - phosphorus w

PL - phospholipids

ppm ~- parts per million (by «weight)

AL | Lt :.‘;Hyﬁsfiaw;.wv R X ci T o POTS volume AR
.15 % -  percent
-~
RH - relative humidity
rpm - revolutions per minute
; 5 - 30aps
i Sa - surface area
2 sec - seconds
TV -  total volatiles
wt -  Weight
] - 32 -
é




EXAMPLE

(Amorphouns Silica 011 Samples)

The properties of the amorphous silica used

in these examples are listed in Table II.

5 TABLE I1
Silica Sg¥f o Porg Av. ?are Total 4
Sample Ares Yolume Dizmetey Yolatiles
Hydrogel® 911 1.8 80 64.5
13" 1- B-E-T Surface Area (S5SA4) measured as
described above.
2- Fore Volume (PV) measured as described
A ff”"”“www““*”““ TURBEVE T uBTRE” hydrogel method. P e T
;2€ 3- Average Pore Diameter (AFPD) calculated as
16 described above.
4~ Total veolatiles, in weight percent (wt.%)
on ignition at 17509F. (995°C).
5- The hydrogel was  obtained  from the

Davison Chemical division of W. R. Grace

28 & Co.




1

The 0il Samples used 1in the following
examples were prepared by combining 01l A (see
Table III), a caustic refined soybean oil
sampled after caustic treatment and primary
centrifuge but before water wash, with elther
0il Sample Eor 0il Sample E° degummed soybean
oils prepared as described below and not
subjected to caustic treatmment. 0il Sample E°
was prepared in the same manner as 0il1 Sample E
of Table III, for which analytical results are
shown; 1nsufficient quantities of 0ill Sample
E° precluded separate analysis, but it is
agsumed that the identically degummed olils were
substantially identical. 0il Sample A
contained large guantities of soaps (362 ppm)

dgtermineq(py measuring alkalinity expressed as

ot e

godium oleate (ppm) by A.0.C.S. Recommended
Practice Cc 17-79. The acid degummed oils,
having not been contacted with caustic,
contained no soap, but contained significant
levels of phosphorus, as 1indicated by the
values for 011 Samplle E, which contained Z22.0

ppm phosphorus, measured by inductively coupled
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plasma ("ICP") emiegsion spectroscopy.

011 Sample A was mixed in varying
proportions (as indicated in Table III) with
0il Sample e or E° to prepare 0il Samples B, C

and D, which are relatively constant dor

o

phosphorus and associated metal lons but which

contain' slgnificantly different levels of

soaps. 0il Sample B contained 75% 011 Sample A

and 20% Qi1 Sample E. 011 Sample C contained !
13 5% 011l Sample A and 50% 0il Sample E°. 0il

Sample D contained 25% 011 Sample a and 75% 0il

ﬁmﬂymﬂ"vahﬁﬂmumﬂﬂ“yﬁgmpleV@EQ&M¢nEaéthideample wag analyvaed as. — o
described above for trace contaminants (P, Ca,
Mg, Fe and Cu) and for socaps. the results are

15 shown in Table III.

The acid degummed oils (0il Samples E and

E") were prepared by heating 500.0 gm oil,
covered with foil and blanketed with nitrogen,

in a 48°C water bath. Next, G5@@ ppm 85%

20 phosphoric acid (#.25 gm) ﬁas added to the oil

and stirred for twenty minutes while




o

maintaining the nitrogen blanket. Ten
milliliters of de-ivnized water was added and
mixed for one hour. The sample was centrifuged
at 2309 rpm for thirty minutes. The top layer
wasd the degummed o0ill used in the experiment
(the Dbottom layer, comprising the gums, was

‘

discarded).
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TARLE III

e T

Trace Contaminantsﬂ ppm1 " 3 ;

P Ca Mg Fe ' Cu™ Soap, ppm” ;

13.4 0.93 1.03 0.02 g.02° ° , 362.0 !

B 19.4 2.08 1.92 0,00 0.02 ‘ 180.0 o

c 20.8 3.04 2.46 0.06 0.01 70.0 ‘

D 23,7 3.84 3.01 0.07 0.02 30.0 |

E 22.9  4.27 3.17 0.11 o0.03 4 0.0 1
El * * * * * * -

limits of this analytical technique.
3- Soap measured by a.0.cC.s,. Recommended Practice Cc . \
15 17-79, o :
* - O0il Sample E' was prepared from the same crude o0il as
0il Sample E, and by identical acig degummipg Steps. =
4 wihsufficient guantities.of 0il Sample F' weré avaijabia' -
":”“”“L“fwf‘%héiysis, but it is assumed that the values are
20 comparable to those of 0il Sample E,.

EXAMPLE IT
(Treatment Of 0i1] Samples With Silica)

The 0i1l Samples pPrepared in Example I were treated with
the amorphous silica described in Example TI. For each test
25a 100.0 gm quantity of the 0il Sample (A, B, C, D, or E) was i
heated at 100°C, and the silica was added in the amount.

indicated in Table IV. The mixture was maintained at 100°c,

while being stirred vigorously, for 0.5 hours. The silica

was separated from the 0il by filtration. The treated, _
30 filtered 0il Samples were analyzed for soap and frace ‘ i |

contaminant levels by the methods described in Example 1I.

The results, shown in Table 1V, indicate that;

1. The amorphous silica adsorbent removed soaps and

-»3/-
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20

2. Boaps  appeared to  be bpreferentinlly
adeorbed ag compared to trace contaminants. [y
many cases there Yere no soaps found in  +the
8ilics treated oil, while there were
coneiderable trace contaminants remaining in

the oil.

3. The Ccapacity of the silics adsorbent
for bhosphorous appeared to increase with
increasing Soap  levels in the 0il Samplles,

For example, in i1 Sample g (362 ppm soap), a

1 1 ' it e .
*‘,r LwMm”hWrgl;;cauﬂloading*ofwonly V.15 wt.% was ?gquired

to  reduce the pPhosphorus level to welll below
1.9 ppm, while in 011 Samples C, D and E (70,
33 and @ ppm soap, respectively) silica
loadings of @.¢g Wt.% were required to  reduce
phosphorus levels to below 1.9 rrm. The
bresence of scaps in the 0il therefore made it
bossible to reducc phosphorus levels to  Dbelow
1.8 ppm at a mach lower silica usage than was

rewuired in the abuence of goaps,

The data obtained from Example II
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demonstrate that the capacity of amorphous
sllica for phospholipid and soap removal
actually increases with increasing sosp content
of the starting oil until a maximam adsorbent
capacity is approached. The maximumnm adsorbent
capacity of the silica hydrogel used under the
conditions of Example II was approximately 55

wWt.% woaps plus rhospholipides.

The data in Table V were calculated from
Table IV inorder to obtain values for the
adsorption capacity of the ammorphous silicsa.,

Calculations Were made  as follows. The

capacity of the amorphous eilica for combined
".‘i‘.ﬁk.’l-‘"a“"* { nﬁ,}‘;“hufp.m Cas e e 'y ' e e

it 1]
I

AT R Corag

soaps and phospholipide (CS_PL), expressed Be &

percent, can be defined ag:

S (ppm) + FL (ppm)

(3) Co_ = [
S-PL x 1@“2

Silica (db, wt.%)

vhere the change in concentrations of soaps and
phospholipids in the oil (from before to after

contact with the silicn adsorbent) are defined




[y

14

agi:

(4) S(ppm)

(9) PL (ppm)

(6) P (ppm)

(7) &Silieca (db, wt.%) =

where "Silica (
of the silic

(995%°C) .

(8) BSilica (db,

(3) TV = 140 x

o]

The

o
[
Iag
<

ac i

O
o

p

&

- 1.‘1

= 5 (Prm)ypitial

B (pPP0)ping)

(ppmmn) x 30

=P (e inigia1 - F (PP pyng)

db, gm)”

a after

wt.%) =

Silica (db, am)
X 100

011 (am)

is the welght in  graus

ignition &t 175@°F,

Silica Bas is, gm) x 100 - TV

100

ollica (as is, gm) - Silica (db, gm)

of  the

Silica (as is, am)

amorphous silicsa for
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rhospholipids alone (CPL)‘ expressed as a

percent, can be defined as:

(1) ¢C = PL (ppm)
FL x 1972

S1llica (db, wt.%)

The calenlated values for changes in
phosphoras  (P), phospholipide (PL) and soap
(3), combined ghospholipid =and esoap (S-PL)
remaining in the oll, capacity for combined
soap and phospholipid (%Cg_pp,) are given 1in
Table V for each of the Lreated 011 Samples,
along with starting phosphorus and soap values.
The data’ from Table V were plotted in FIGOURE © 1
in  the form of sdosrption isotherme, with the
wt.% phogsphollipids and scoaps adesorbed on the
sllica ( o-FL) plotted on the ordinate versus
the amount of ecap and phospholipid remaining
in  the adsorbent-treated 01l (Remaining S-FL)
plotted on the abecisea. The data were plotted
in  this manner in ovder to correct for the
phenomena typleally observed for‘adsorption of

increasing capacity (up to some platean value



as & result of gsaturation) with increasing
adeorbate remaining in the treated mwmaterial.
This phenomenon is predicted frowm equilibrium

conglderations.

The data from Table V were also plotted in
FIGURE 2 in the form of adsorption
isotherms,with the wt.% phospholipids adsorbed
on the silica ( PL) plotted in the ordinate
versus the amount of phosphorus remaining in
the adsorbent-treated oil (P) plotted on the
abacissa. FIG 2. shows data for adsorbent-
treated (il Samples with < 30 ppm residual
goaps.

The data from Table V and Figures 1 and 2

indicate the following:

1. The capacity of the gilica for
rhospholipld and scaps tends to  increasing

levels of soap in Lhe starting oil.

Increasing soap content on the s8ilica

tends to increase the phospholipid capacity of

43 -

R TR e T T T

< mA
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i

the eillica when the soap content in the treated
0il has been slgnificantly reduced for example,
in this cage, &sbout 30 ppm s50ap, HE
demmongstrated in Table V and Figure 2, for

these 011 Bamples and this adesorbent.

LT T SR VL IR RS

e
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WE CLAIM:

1. A procesz for the removal of soaps and
phospholipids together with assocliated metal
ions from a caustic-treated or caustic- refined
glyceride oil which contains s0aps and
phospholipids which compriges contacting said
01l with amorphous silica, allowing said soaps
and phospholipids to Dbe adsorbed onto the
amorphous silica, and separating the adsorbgpt—

treated oil from the adsorbent.

2. The process of claim 1 in which the

said glyceride o0il is soybean oill.

iy +1 3w The process of claim 1 in  which .said -

caustic-treated or caustic-refined glyceride
0il comprises at least about 6@ parts per
million socaps and at least 15 parts per million

phosphorus.,

4. The process of claim 1 wherein the soap

content of the glycerids o0il is  reduced to

T e e




below about 5@ parts per million, and the
phosphorus content 1o below about 15 parts per

million.

5. The process of claimm 4 wherein the
soap content of the glyceride oll is reduced to
below about 1@ parts per million and the
phosphorus content to below about 5 parts oer

millien.

6. The process of claim & wherein the soap
‘éaﬁééﬁédmdf ‘Ehé‘glyééfide oil is reduced” to
gubstantially zervo parts per million, and the
phoesphorus content to below about 1 part per

million.

7. The process of olaim 1 in which at
least SO of the pore volume of said silica is
contalned  In pores of at least 60 Angstrom in

diameter.

8. The provess of claim 1 in which saild

amorrhous silica has an artificial pore network

e e e o
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of interparticle voids having diameters of

about 6# to sbout £ZPF Angstroms.

9. The process of claim 1 in  which gaid

amorphous silyca ig selected from the 4droup

& consleting ’ of tilica gels, precipitated
silicas, dialytic uilicas, and fumed silicas.
14. The proceess of claim 9 in which sald
gilica gel is & hydrogel.
Ly 'J\]‘N\ ! ‘1?,[‘,,—.'._;;..,‘1,”,&‘&&.;," B G b T L e iy i e ‘

10 amorphous eilica has a gurface ares of about

198 to 12900 square meters per gram.

12. The process of clalm 1 in which said
caustic-treated or caustic-refined oill is
contacted with amorphous silica at & gilica

15 usage of 0.01 to 1 weight percent.

/”13. The process of claim 1 in which the
silica-treated glyceride oll 1& treated with

bleaching earth.

11. The Process of‘éféiﬁﬂiﬁiﬁ”ﬁﬁiéh Eara
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