; e3eF6, TkvXi ~om~ue~~~~ | W-~A~~M~ TEI E SYi VTHESI S OF OLEOCHE~Y(i CALS ~V(TEI
vf ULTf - FUNCTI O YAL GROUPS, THE OLEOCEI E~V(i CEILS rl ~~I D THEI R USES FI ELD OF
THE IITVEIYTIOY T finvention relates to the sis of

ol eochem cal s w tmmmﬂmm‘mmm onal groups, the ol eocﬁlﬂ%ﬁ%ﬂ”fm their
uses.* BACKGROUYD - 00(Joi,,YVEYTI ON Cn recent years, the t put of
synthetic resins has béen over 130 fillion metric tons. CHPua has produced

10 ~t Ml of synthetic resins, an increnent of L8% The devel opnent of
pl astics industry has drastically increased the demands for inorganic salts

such as synt heyisg iapt sl 6L B0t RAE|Fu SR AictiRfthes fillers in

t he process of manu e plastics. It is reported that in 1990's,
the growth rate of ipgHYRRI t i & at about | 0%
Anong the five stabl Qapl ast?%gﬁ[‘fl‘:ﬁ ergﬁgrggsﬁg{r%t#é%gse%@i n pol yvi nyl

chl oride (PVC) and pol ypropyl ene (PP). For instance, the content of filler
could reach nore than 50% that of the total resins of rigid PVC plastics
used to mnuﬁ@%gwﬁﬁqﬁpe‘el door and w ndows, pipes, tiles, etc.
Today, synthetic polyneric nma erials have shown sone properties quite
simlar to those of steel and iron, wood and cenent. During 1980s, the
worl d market for plastic i ncreased by 62~0, while the market for steel
and iron de 2. | %% 1 C I: : tic resins
reached 1.i gfh% fé?rgﬁ){vemg l(Jrnl %lage (Q)HJS%?%(@%J%§ %%H?g?eﬁ\chgﬁlggﬁ[g? l:ctlv@{%%ﬁ %ut of |~9
MN(T. (n dey, [ L emand for synthetic materials grows
even nore ra‘%%’%?iﬁ% g\?%&%&{stga!tlsﬁ%d(t)hl%ggsseg t hernopl astic with w de areas of
application and Low cost. Currently PVC has becone the second | ar gest
commodity plastic after polyethylene. The world production in L997 was
estimat ed t BLekaROUND 8% THE hneENTes. G obally, PVC has 20% of plastic
mar ket share and is the second largest in terns of variety. The PVC plastic
was first commercially produced in Europe in the 1930s and in the past 60
years it has undergone continuous devel opnent and i nprovenent. Before PVC
can be made th Rdcent Fedsl Ukd Slobal buthasf tyHec €D hivesdenbien 30 maNgemelricspeci al
additives. The essential additives for all PVC materials are heat

st abi | i ser s taRdChiubmhe ptised 110 MME efagathefic fesiaxidal idcrBiwent ofl 1834.i Thesers are
al so incorporated. O her additives which may be used include fillers,
processi ng deddpmenpeatiastizsdindisey aadrdstipelneoesed Grclempins faddiotganss have
been sel ected, they are m xed with the polyner (PVC) in a process called
do npoundi ng saltFlyectrag syntttetinitesibs ehedein the idvegrnicealtsiang used dsdiligrsde the Prasgssequi pnent
whi ch include extrusion, injection noulding, blow noulding, spreading and
coating. Al @hgamfachuingteglyiésopment of chemical construction materials,

ri gi d- PVC has found nore uses, For exanple in making door, w ndows,

drai ning pipes etc. The chem stry of PVC has been understood since the end

of the last century. It is the world' s npst researched pl astic.and pol ynec.
r [tis reporte}r/i that in [990’s, Ele growth rate of inorgamec saﬁ}s consumerc)l as %ﬁlets is at poly

about 10%. Among the five stable plastics, fillers are largely used in polyvinyl chloride
(PVC) and polypropylene (PP). For instance, the content of filler could reach more than
50% that of the total resins of rigid PVC plastics used to manufacture plastic-steel door

and windows, pipes, tiles, etc.

Today, syathetic polymeric materials have shown some properties quite sirnilar to those

of steel and iron, wood and cement. Ducing 1980s, the world macket for plastic



Contrary to soft-plastics, mneral fine s to be used in rigid-plastics have
to be conpounded with synthetic resins, in or er to inprove the nmechani cal
strength and to reduce cost. Many ninerals have been sed as fillers but

cal cium carbonate has the | argest narket share. Efowever) because of

i mproper and poor conpatibility between synthetic polynmers and nineral
fillers, th y are hard to process and the resultant plastics give bad
performance. The ftllers are commonly used are c: surfactants and pol ynmers
are often uses inprove the conpatibility between resin; and nechani cal
properties ofactehwed bpitet ahilothe enckasipdstsdlnfidiem deaeiséd B BL%.:(h upd& erebonat e and
talc. Coupling agents, to chemcally treat the surface of fillers to and

i norgani c fi bed s3pacitydoft dyethetichesipy eaches il mfiliorPMeEiCasda (VYD @ith tiel t anat es
are the nost To inprove the conpatibility, a coupl surface energy of

m neral fill podyctivdhosputesti 129. MVtTe [f idewtoptig| doGrrles e lemB@ &g aspiithet(cUSA) i n
1940s, whereas Cavedon C titanates and ziccoal um nates separately. agent is
usual |y i ntrodededgrbes eeduntee tabidly. PWQ i$ e aldese thekoplaticagith @ide diespefr si on in
the i X3, was commercialized by Union Carbide nicals (USA) have devel oped

- the organi c dgpbetiveengd ibsecosor@uerently PVE annbesmare ssad lagest oauhbdity agent
sone problens renmai ned. For exanple, many titanates are oily mate "al with
hi gh vi scosi glsstit hiter @blyeteylede. Tise Woctd preduktiontin | 99Twess edtitated us bameumf23f i | | ers
honmbgene usly during the mxing stage. Furthernore titanates will deconpose
if water is pilesgones.rClbbuilyf PVC bas20vBepladisnackdtshacosid ivthe secoad latgest i s still
very hi gh. tl nother way of surface nodification is o use surfactant.
Because of iintermsphetietyi c character, hydrophilic group may adsorb a
surfactant on the surface of filters with its hydrophebic chain pointing
out si de. Som ol eochem cal based surfactants such as fatty acid and fatty
ammoni um salts have bee used as nodifier but usually they can not provide

t he perf or me€ & V&olasss wanlirstchmmersindls produasg fd Eugopsdetie | 2Wn andindlisatdbty, t hese

ol eochem cal s with nono-functional grou can not be adsorbed on the surface
of the Ell erd ¥&4% dcdies yadeqgone cagtingoys 3@metm mnorogempe Befoss oy eatngl y,
there is provided a prc ol eochem cals, the Erocess consists the_ s diol at a

t enper at ur e "S&T9E iy PrYdyes LN P b Fembingdiuin egames O F seaciay pddiivepofth with a
fatty al cohol of a sired {n | under vacuum sel ected from 10 nmtHg to
synt % esi se ﬁ{ﬂe?tfa_l ]a%jiﬂtgvtef S%ét}l%%ﬂbtgr?a s are heat stat?iﬁsers ani?ubricants. [n the case

of flexible PVC, plasticisers are also incorporated. Other additives which may be used

include fillers, processing aids, impact modifiers and pigments. Once the additives have

been selected, they are mixed with the polymer (PVC) in a process called compounding.

The resultant blend is then fed into the processing equipment which include extrusion,

injection moulding, blow moulding, spreading and coating.

Along with the development of chemical construction materials, rigid-PVC has found
morce uses, for example in making door, windows, draining pipes etc. The chemistcy of
PVC has been understood since the end of the last century. [t is the world's most

reseacched plastic and polymer.



:ps of a) reacting a phosphoryl halide
vacuum sel ected i nternedi ate, b) react|i

with a to roomtenperature, under
ng the internediate at a tenperature

selected from30 to 70 C, 760 mrHg, and c) reacting the resultant m xture
of. (b) with an alcohol in a pres tenperature selected from50 to 90C, of a
sditable catalyst with 0.5 to 2 %v attja r vacuum sel ected fromI O mHg to
760 mmHg. Further, there is provided alkyl diiso which contain a hydroxyl o
oup and ranges fromC | to C24, branched or sh yl diphosphates (ADDP) which
is arr ester ?%F roups of different nynmber of carbons) t chain) having a
general struc tyRIQoso feplastics, aningraln filgre tto - 'eRuBd dify GgidpRitivs rhavs t2 b, 6. . . . . ,
R~) R, and R~ ace al kyl grorlégs. Al so provided is a process of form

ol eocheni cal sSPHPUEGHife &t

i fepias, fipPpider ta ipploysrie meshanisaloitrengtinend al s, t he

steps of reacting a phosphoryl halide with a diol at a tenperature sel ected

from 10 C ' ~oefuse et ey mingiaks haymbren pyedcpsuflesebwcrleim caghohateries Genmtg t 0

760 mmEl g to forman internediate, reacting the intenlediate with a tatty

al cohol of a &8st magket sharen Howeigr, heeausedof isppmeniandr mos edregatibitityf bavwesd0 to 70

C, under vacuum selected fromI|O Mto 760 mHg; reacting the resultant
sat

mxture o f (BYhskicrnlyaarsantsinenr! Gl

y ers dard ¢o prbeess aditheabiuftane ptaaligsst wi t h

0.5 to 2 %v at a tenperature selected|{from50 to 90 C, under vacuum
sel ected froived? MRERCFZ60 MEl g to [form the ol eochemicals, stirring a
filler such as cal ciumcarbonate (CaC®~) in a container, placed in an

oi | -bath and heated to I35 to |50 C,

referably at 140 C, m xing and

The fillers are commonly used are calcium carbonate and talc. Coupling agents,

surfactants and polymers are often used

to chemically treat the sucface of fillers to

improve the compatibility between resins |and inorganic fillers, and then the processing

and mechanical properties of the material.

often used surface modifiers.

In PVC/CaCOj system, titanates are the most

To improve the compatibility, a coupling agent is usually introduced to reduce the

surface energy of mineral fillers, thus leading to a better molecular dispersion in the

resins. The first silicon coupling agent, R$iX;, was commercialized by Union Carbide

(USA) in 1940s, whereas Cavedon Chemicals (USA) have developed the organic

titanates and zircoaluminates separately.

However, when ocganic titanates are used

as coupling agent, some problems remained.

For example, many titanates are oily material with high viscosity therefore it is difficult

to cover the surface of fillers homogeneq
titanates will decompose if water is present

still very high.

yusly during the mixing stage. Furthermore

in the fillers. Besides, the cost of titanates is
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filler, cooling the nodified filler ob
polymer resin with additives such as d
sul phate, dibasic | ead phosphate and

obtained fromstep (g) to 80 to 85C),p
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i ng phosphate group are synthesi sed
structure of the ol eochem cals can

be represented by OR 0 R20 whereinnis 2,4,6..... OO0 (CH2)n-' ~ OR ~
OH 1? ~, R~ and R are alkyl groups In the first step, phosphoryl chloride
(FOCl;) is cautiously reacted with I, §-hexylene glycol at |ow tenperature,

preferably at about 15C. The hydrogen

chloride (EICL) gas




s evolved is trapped and bubbled into
The pH of the solution is nonitored a
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yl diphosphates (ADDP) which is an ester
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t chain, having a general structure
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whereinnis 2,4,6.....,, Ry, Ry and Rjare alkyl groups.

Also provided is a process of formulal

oleochemicals ace produced by the followis

a diol at a temperatuce selected from 10°C

ting a polymer using oleochemicals, the
1g steps of reacting a phosphoryl halide with

to room temperature, under vacuum setected




In step |, the reaction between POC 3 and 1, 6- hexyl ene glycol is an
exotherm c reaction, that a | ower reaction tenperature is favourable. The
range of tenperature can be fromL OCto roomtenperature, preferably from
LOto ~0 C. The second step is also found to be vigorous and 30 to 70C is
found-to be the suitable tenperature range, preferably from3S to SO C. Eor
step 3) the influence of tenperature on yield is investigated under the
foll owi ng reaction condition: PCOC 36: 1,6- hexyl ene gl ycol : cetyl al cohol

i sopropyl alcohol =2 :I :1:~ (nole ratio). The reaction tine is 3 hours,

in the presence of L.0% catalyst (w). The recommended reaction tenperature

of Cemperatars ont e T8 GARIL P AT LR g e BBy o e
" el (% B0 (305,431,908 S0 DUV YA hpvelgn oh €1 fect

of Reaction reacti on ére xed at 40

and 60 m nutgs,, e,g@&?&h{;%%'oymmﬁﬁ? %dagm%égt :J&Em‘d%ﬁ‘e‘?% b RGL &;}pf' me is

i nvesti gat eJ sSIm reaceti on C Ions~as a ove a erature at

60C. Based Q‘n&htap %lcﬁﬁo"rl: ‘E'é/ a P%’sezlcé S a3 Suﬁatng E'It?lrl Qtﬁ/ltﬁ %%CtB '7Q’Pw tal ?%n%%&mrg conmended.

The reaction e vacuun1app e I'n step | the

time en Varé/l%cftdeiB‘hourg?o%(ﬁp&@r(}é&&:ﬁ sété’ct%%ﬁ Eotsrsgkﬁu-?uc,ft%l%%x from

abgrt hoE step to 5 hours.
T 2. T 0 2.53.0
35 4.0 hro gyl 5358 I0eLHEE 1 Bt %*8%% RS P RN (e i c o

Yel | owi sh Yelbaush ofsCln HeatdPhe T3] B00E, ShLLYN0 LI Tigthe ofipr | ast

reactions, such as in steps t heor et ol e ratio of the starting
materials oatl&lﬁageeteo&@mménm& Qletfﬁletfﬁ’érhgeéﬁ@i)) t@enemeameavﬁhér &RUsE probl em
of separation. For step 3, influence of nole ratio of POClz to i sopropyl

al cohol is EH&‘&R&HE&G&'@[@E‘O&EH\E@&%'&HP (G)OTBQ:h&thElﬁ polyrier 843, with #Ritdefiour s and
catalyst |.Om% Table 3: Effect of nole ratio of starting materials on the
yi el d POCI Zgichi £ 0R66pAYphtiailaE) NAbasic lead sulphate, dibasic lead phosphate and lead

stearate, heating the mixture obtained from step (g) to 80 to 85°C, preferably 30 °C,

adding some preferred additives such as stearic acid, calcium stearate and paraffin into

the mixture obtained from step (h), heating the mixture obtained from step (h) to 85 to

95°C, preferably 90°C, mixing the modified filler into the mixtuce obtained from step

(j), heating the mixture obtained from step (k) to 100 to 110°C, preferably 105°C,

cooling the mixture obtained from step (1), preferably to room temperature, and

blending the resultant product from step (m) into suitable machinery to form polymer

sheets.

The present inveation consists of certain novel features and a combination of parts
hereinafter fully described and particulacly pointed out in the appended claims, it being
uaderstood that various changes in the details may be without departing from the scope

of the inveation, or sacrificing any of the advantage of the present invention.



l:1 21:1.2 1:1.4 1:1.6 1:1.8 (nol:nol) Yield%8.79 88.13 91.09 91a8 9l. 49
When nore isopropyl alcohol is used, an increase in percent yield is
observed. Eiowever, tri-isopropyl diphosphate, a by-product of the reaction
is al so expected to be formed. Therefore, nole ratio of 1. L.6 is
recommended. Effect of Catalyst For step 3, three catal ysts ara conpared
under the follow ng reaction conditipns: POCK L, 6-hexyl ene glycol : cetyl
al cohol : isopropyl alcohol =2 : | : | :3) T =60C timeis 3 hours and
catakyst 1.0 wt/. Table 4: Effect of catalyst on the yield Catal yst None
MyCh AICh Ti (OC~H; )~ Yield %83.29 8.40 91.23 90.73 Table 5: Effect of
catal yst on DiEFAYLEDD®ESTRPYEON O THE PRESERREOEMBODIMIENT Yield % 8S. 01
88.30 90. L9 91.58 9 L.79 As seen fromthe results in Table 4, both AIC 3
and Ti (OC, E(;)a give high and conparable yield, The influence of Ti(OC-H;);
in the react TRNpdesent lak4dfied rdlawsestthd net@sis Dholetdphiofs Wah enuiMiBudtiosalf cat al yst
is found to be fromabout O S to 2% (based on the wei ~h.t of PQOCh),
preferably apeuds, e BledcBerhicaYand(tRases. GarelrldRecyis §uci fiodtioR@ ddscrivdgheshown i n
Tabl e S, the percentage by weight of the catal yst al so enhances the
. percent age oOfcegehelitlemidhaiddeding Bbf @6t proterrdd ebstithedtr B6wslegPE ik thobes3) t he
reaction tenperature is increased gradually, as well as the rel eased of
HCI . The vacudsasobd thaglinii€ag the descaptivh esnhs heedcetd babiditéne abthel ingemiduad | y as the
reteased HCl can absorb some anobunt of POCls, which will result in |ow
yi el d (conveimskign facllitee fisQe666 £5the presdne iccattlonadd (Ut enmiieied vac those sel ect ed
fromlO nmtH? to 764 nmmHg. Effect of Rate of Agitation The rate of agitation
shoul d be at skillethiim theLam mot dete vabice neodifiebtions afidequivatens Iwithoutndepartingsone  of
the POCI3 will be |ost.

from the scope of the appended claims.

According to the preferred embodiment of the present invention, multi-functional
oleochemicals containing phosphate group are synthesised in a three-steps reaction, the

general structure of the oleochemicals can be represented by

wherein a is 2,4,6.....

Ry, Rz and R;are alkyl groups

In the first step, phosphoryl chloride (POCL,) is cautiously reacted with 1,6-hexylene

glycol at low temperature, preferably at about 15°C. The hydrogen chloride (HCl) gas



a Er CAV(PGES Example | A four-neck round bottom Fl ask is used as a reactor
equi pped with additional funnel, thernoneter, condenser and stirrer. About
| 1.8g, 0. L nol of 1,6-hexylene glycol is placed and the reactor is
imrersed in a water bath and the tenperature maintained below | ~C. The
vacuum of reactor is controlled to be at 10 to | 5 mHg. 18.5nl) O0.2nopl of
POCl 3 i s added dropwi se and reacti ors tenperature all owed and mai ntai ned at
15C. The released E(C is absorbed by NaCOH sol uti on. Wen the pH val ue of
NaOH. sol uti on remai ned constant, the first step is considered to be
conpl ete. Then 24.3g of C-6-al ohol are added slowy and reaction
t enper at ur e F‘é’[‘fegllsst@(ﬂpﬁdoa@@“?%edél%3?45”%F%‘é‘é@ (?Jﬂp@tsélﬁ“‘zﬂ Tignihof e pH val ue
of NaOH sol uti on becane constant, step 2 is considered to be conplete.
Then, 15.2 nfo ut@ﬂ%&ﬂﬂ@fedua%ﬁ%kswmaa}eéamf@wghéheaeasmcpn karousiderssfio cat al yst
are added while the tenperature of the water bath is raised to 60 to 80C.
When t he pf be GpapPl#Ee: of NaOH remai ned const ant again, step 3 is considered
to be conplete. The obtained product is transferred and distilled under
SmmHg vacuum The distillate is washed Z to 3 tinmes with warmdilute
~sulfuric acid and then 3 to 4 tinmes with hot water. The product is then
cool ed and dbiteiserdateoyBnairiobtagssiesdzhain lea"téllwwnaadd@éﬂ thgpesujtant 8q,
O I mol of I, 6-hexyl ene glycol is placed in the reaction vessel and Gaol ed
to tenperat URiEtuse 2qdsee repgtion femperiEhis dogliorissidndp to Hrndiy compleian ofg 2np1 of
POCl 3 is added in _portions to the alcohol, and allowed to react and the
t enper at ur e HHSHP Biaadrogttored o thewngnape deprgld aratlier on process is conplete) the
m xture is allowed to a react at that tenperature for another |5 m nutes
Fol | owed by at |east another |50 m nutes at roon1tenperature The rel eased

oL e 2 oDl ag t d.the pf-f ch il g
anchanged. - THER Boo8y if?hﬁ%@%ﬁgﬁ ‘i%g"“g@a\@iﬁ‘“gr“&meﬁ} S
t t dto 3 the pEt

e nedcore Bk T presres Pes it e B IRhARE ol Be SR e araBHIP Lo o |

anount of c rature raised to 60 to 80C. The
conpletenesg&@&%% ehgggé%?%ﬁgﬁgcuﬁmuymgﬁﬁ %?%&mthrough the pE readings.

Exanpl e 3 The product obtained fromthe reaction is purified by col um
chromat oj raphy using a stationary phase Kiese(gel 60 ('70 to 230 nesh

ASTDf ) and aryaRbiclign J&O&l&ﬁ% BOXANGs & OELarddbul)a 8% 1pebind bERwig!it | On.  The

mul ti-functional groups ol eochem cal obtai ned fronlthe above- nentloned

Process i s aehcAbkiith dslhswn@@wcomdahp&nwle&odswalso\wsmdIuﬁ: alte@aSt er which

contain a hydroxyl group and al koxy groups of different nunber of carbons.
As il 1 ustr atap@uaberecy;iWie gGepru@t of Mgy Adcakbube represented by 0 R 0 P-' '

O ~CH2)n ~ ORS R OH z wherein nis 2,4,6..... R~, t~~ and R3 are al kyl
gr oups

Since this invention involves a multi-step process, analysis of yield of products is found

to be slightly complex. The determination of yield is estimated through the released HCL

gas, which is bubbled (absocbed) into NaOH, where the acidic solution is back-titrated

with a known coaceatration of NaOH solution. However it is worthy to note that

sometimes it is quite difficult to monitor the HCl gas released during the reaction, which

can affect the calculation of yield.



~s ADDP, a synthetic product of fatty alcohol and POCl;, has one

hydr ophi Il i ¢ and several hydrophobic groups in its structure. For exanple,
ADDP derived fromdd 6 fatty al cohol is cvhite or pale yellow solid, having
a nmelting point (mp.) of 60 to 62C and easily dissolved in water

(pEi <2.0). The aqueous solution of ADDP is stable and could be used
directly. The hydrophilic group of ADDP allows ADDP to be better absorbed
onto the surface of the filler and the hydrophobic chain allows better

m xing with the PVC resin. Therefore a honogenous m xture of fillers and
PVC resin is obtained. A nonofunctional groups ol eochem cals such as fatty
aci d and f at 8 thisnigeistionm tase fY%P%ﬁtfhalV®°géEﬁV@s@ﬁﬂ aamppdlgace uigd l@dhsot gi ve
performance as well as ADDP. Nocv) the uses of ADDP in the manufacture of
pol yners, i nspesipctiarCis 4398 fttplcoholse lidaascioi tseenviseged tthas agy dvesr pld

enbodi ment of the invention, the plastic is PVC. Prior to the PVC

fornul ati on, veeREbeiods can i used gsrtbarPorend ofiifatty atcakolc Ihe plegpheraicibplitiacd f n t he

| aboratory, a certain anount of CaC03 is stirred in an appropriate

cont ai ner or fipmasesee ptrahelp difeeg slightisn wherp -4t atcohdl dsites dt EaForo ligudCloAfter 10
m nutes) the.required amount of ADDP added and stirred at the above

t enper at ur e flephobgivsiasplid © serniniotid and Cigsiveapislid ploguat [raste foaRkn out, cool ed
and kept in a dessicator. At industrial scale, a high speed m xer is used
to carry the filler, where the mxer is heated to | 40C and a certain anount
of the nodifier is added. The type of PVC obtained will depend on the
formul ati on Ehogasionsen begagst sder vesuem pelestedaliom &0 a1ty tad0 Bredi(ing a
certain amount of PVC resin with dioctyl phthalate, which are fed into a
hi gh speed nf®eérbubdtd 2t |tsnERFtios PRRoL fws?glbefpéqlongedﬁsﬁmwé§<?a6@nﬁ@|?ametqf56 addi t wes
such as tribasic,|ead sul phate, dibasic |ead phosphite and, .Lead stearate
are added antie FHEEHYaliRE HaRbE fuamoet eﬁaffwnaegfgftaeﬁ BPle ra4p REreBtiAt

addi tives. sucl& stfearf' c acid, calciumstearate and parafFn are | ater
added and t h# é@?“tfsa‘t i°¥RY¥8nti nued until the tenperature reaches about 90C.
The nodified CaC03 is then poured in and the tenperature of the mxer is
raised to | 0~C. The total mxing period is about 2~ mnutes. The resultant
m xture is tE&{ngt(\ml epqﬂ?t["eroomtenperature. Lt is then ready to be made

into P VC shée ere 1t will be blended in arolling mill. The gap

bet ween t he [E]\Ce)%’tépe'i,sthw Jeéctigl’?tb%w)}ieﬁ]?’ddﬂte ﬁ$!l$hﬁ%§te%ly&oh% WeRbtheckien it is

process furt bef ore sone physical testing asutrenents such as tensile

strength, inpaghn Shak &M (QBGhELAPRIALA AN by ke ARSe SAEHpRGuR Wk PVC,
cal cium carbonate and organic titanate are industrial products. O her

mat eri al s suelfoas ICcho tloaB@beratiieQYrefel2blyl dm O (¥ 0O TAE SecbdiEsdpGathiss €agent s.
Dei oni sed water is used. Dry nethod is applied in nodi Fcation of CaCOz. The
filler is pubuddiibbegbreds dndBOco fA0US ks) fol@ntoest the shitBle tampesnust dafge, Nng and
kept warmng for 10 mnutes. After certain anount of ADDP (or other

nodi fi ers) ipsefersledionk8ptto S0 ICr iFag stepr3, areoinflesncé OF nénpetagge odhdelADDP i s t hen
cooled to roomtenperature and put into desiccator. Powder CaCOy is kept
under 20VI Panyestégaed ueddr tre following teegtiongodditiom 800k IL GthexsEengeglyColl: €tyht act
Angle Instrunment is applied to detect the contact angle against water or

| i qui d par afatdohol : THegrogpméaobeit= ¥ils:d Agimble ratén). The rebstiactiee isyhdusningdmeousl y

m xing of CaCGO and liquid paraffin at a ratio of I :2 (ww before

i ntroduced ipatsenca of b0%tcanlyst(ivocDrest@mmaended deaction temperature is between 50 to

90°C, preferably from 60 to 80 °C.



roomtenperature. QG| absorbility is evaluated according to Chinese
Standard GB L717 79 whilst the whiteness is evaluated according to Chinese
St andard G84794-84, by 28D whiteness neter. To eval uate nechani cal
properties of PVC plastics, sanple preparation and detection are using the
met hods as followed, tensile strength is eval uated according to Chinese
Standard GB | 040-92, extension at brgak is evaluated according to Chi nese
St andard GB 1040-92 and inpact strength is eval uated according to Chinese
Standard GB 104393. The theol ogical properties of PVC sanples are detected
by 1~C-90 Torque Rheoneter under follow ng conditions, tenperature of

175' C, | oad dmbledyThe eftegt af tampeptnet oofthesdddm and sanpl e wei ght of 65g.
Surface nodification of CaC03 Contact anale. Contact angle is one of the
nostly used Reectaometers to reflect the wetting property of solid/liquid
interface. The val ues f¥r pura &Ad nodi f7éd CaCO380m th ki rfds of nodifiers
are |isted itemfendtire, °G. ~s Table 6: Contact angle of CaC03, anobunt of
nodifiers: 0.7% w ~~lodifier Contact angle () Against water Against Liquid
par af fi n Non€éield(%) 20 ABBB098 LOICH- al kyh2.phosphadigsoest er 83618 Mono Ci 6

. al kyl gl ycerophosphate 8~ 12 Titanate (NDZ-20 | ) * 75 L L *As reference
From Tabl e &olowr coul d Wsiteseen tittdee al | White f i er swaioul d | netieeste t he
contact angle of CaCQ against water and decrease that against |iquid
paraffin. Anrong all) ADDP had the nost obvious effect. QI absorbility.

Effect of Reaction Time

For steps | and 2, the periods of reaction are fixed at 40 and 60 minutes, respectively.
For step 3, influence of reaction time is investigated under similar reaction conditions as
above and temperature at 60°C. Based on the study, 2.5 to 3.5 hours of reaction time are
recommended. The reaction time can vary depending on the vacuum applied. [n step L,
the time can vary from about 40 minutes to about 3 hours. In step 2, from about | hour

to 4 hours, whilst in step 3, from about 2 hours to 5 hours.

Table 2: The effect of reaction time on the yield

Reaction time

2.0 2.3 3.0 3.5 4.0
hrs
Yield, % 85.17 88.29 90.73 91.03 90.58
Colour White  White  White  Yellowish  Yellowish

Effect of Mole Ratio of Starting Materials
For fast reactions, such as in steps | and 2, theoretical mole ratio of the starting

materials or reagent is best to be followed, as excess will cause problem of separation.



Q| absorbility denonstrates the anmount of plasticises that can perneate
into the space anong CaC03 particles. This part of plasticises could not
function as plasticisation, thus it should be cut as possible. Erom Tabl e
7, the oil absorbility of all nodified CaC03 decreased and ADDP behaved the
best.- L9 Table 7: QI absorbility Rf nodi fied CaC03, anmount of nodifiers:
0.7%rv Vliodi Fer oil absorbility, m/g CaCO | 2 3 average

NoneO. 820. 800. 810. 811 00f | DDPO. 320. 330. 320. 3239. 5Ci 6- al kyl

phosphat €0. 470. 450. 470. 4758. Oest er LVI ono

C~6- al kyl 0. 566: 5%93,5@@%'5387 Ok d6lk YRR OPFOSPRAtBsdpl AR is investigated at
(NDZ- 201 ) 0. 450. 450. 460. 4555.6 Viscosity. Viscosity of a paste of
filler/1iquigapph@bdditidab: S 1600, thfd FnoalsUad Gurdif3.0WMY. | i ty and di spersing
property of fillers in resins. Sone data in Table 8 showed that nodifiers
could significantly drop the viscosity of system also ADDP is the best.
?0 Table 8: Viscosity of nodified CaC03, anount of nodifiers: 0.7%w, T

=?5C Modi fi errgp Vb SEQRL bdmold B oEstartime matédVAY A0 yield
Vone210024002400260023001 00ADDP82858085854. 13Ci 6- al kyl

- phosphat ell Wohgﬁeuer T tamate (~(DZ=20 110101 COor 1 0l |104.78
Wi t eness. | rteness of sanp|es is ghown inp.Table 9, swhere gure CaCO3 had
t he hi ghest :Hﬁl When covered with nodifiers, whiteéness decreased.
Titanate itse # gd deeper col our, thus made whiteness dropped by 7.4%
while A DDPT O Tabtre— 9 White mE 203 : puat of

VY 0 -
nodi fiers: 0.?'0@/Sanples pur > e’ phosphat e
ester (NDZ-20L) 6VhitenessQl 200 887 884 5| 0099 696 392 6

When more isopropyl alcohol is used, an increase in percent yield is observed.
However, tri-isopropyl diphosphate, a by-product of the reaction is also expected to be

tocmed. Therefore, mole catio of (.6 is recommended.

Effect of Catalyst
For step 3, three catalysts are compared under the following reaction conditions: POCI;
: 1,6-hexylene glycol : cetyl alcohol : isopropyl alcohol =2 : L : 1 :3, T = 60°C, time is 3

hours and catalyst 1.0 wt%.

Table 4: Effect of catalyst on the yield

Catalyst None MgCl, AlCl Ti(OC,H;5)4

Yield % 83.29 85.40 91.23 90.73




Through the above tests, it could be seen that to CaCO, ADDP, is a kind of
nodi fier wth ?0od properties. Differential Scanning Calorinmeter (DSC) test
showed that A.DDP 3L nodified CaC03 had good heat resistance, with peak
of heat absorption appeared at above 300C, while these nodi Eed with
titanate appeared earlier at 260C. ~V(echanical property of PVC CuC03
Tensile strength. Three different afbunt of CaCQ are added in PVC plastics
with the sane fornulation. Data of tensile strength are shown in Table |0.
PVC pl astics mﬁthout CaC03 had tensile strength o f 50.1 Moa. The val ue

dr opped alonga *heflqp ene ﬁ anount o f CaC03. Eor exanple, when
CaC03 is 50% ?en5|e f?é ng | Mpa, decreased by 33.9% On the other
hand, those-eeﬁ%a+ﬁ+ﬁg—¥a++eas—ﬁed+#+eH&Aﬁy}44myqyﬁxxk4+ww++e—strength to
sone ext ent . CAtHYYS %@Or ovenent3i s ob%ous e8fecial Ily for danples with | ower
content of CaCO-, For jnstance. when content of Ca®03 is 30% tensile
strength of ¥ahiihe nodified $0IADDPSI. B 42. diNfpa, bnss easad.7py 9. 6% of the
one without nodifier (38.7 ~(pa), while that containing titanate only

i ncreased by 3°9% Tubre I0: TensilTe strengtn ol rigid PVC anount of

., nodifiers: 0.4%w. Unit: VIpa Content of CaC03, % Mbodi Fer - ADDP C~6-al kyl

Mono G 6- al kyd sebht gt RBQBPRAEB1LS! Sh Ay %ﬁ@pﬂ?{gﬁﬁf}%%v@ﬁ@eh ,3933.7 4Z. 4
39.6 39.5 40.2 .5033.1 36.7 36.0 33.6 35.26730.9 4 30.7 30.5 *PVC

resin am)Untcoh@arﬁ&@%ﬂe@eT@mﬁ&nwW/‘T i(OGXE)E MBS @ Readhonll @Rdfer RVQMYlaD] € 11, it
coul d be seen that when CaC03 content increased, the pl asticity of sanples

dropped and mlab%b@&mwwma&@ﬂ)ls foR&d Hotde Eed éfbothW PR xddegisthon at
break. On the ot hand, extensions at break are all increased with nodif

ed fillers. Jagk o nBOCK))ptetRabdf £:2000.0 10 1O {basedldnQRe REERCIE HOCIJDAS ObVi ous
with |l ower CaC03 content. Table 11: Extension at break of rigid PVC anount
of nodi Fer s:sh@veiTablEs the percealagdohidigie b € thatdadyst Yo ennAobFhEpdrcaatadgyl Mono
C~6-al kyl Titanate phosphate ester gl ycerophosphate

of yield obtained.

Effect of Vacuum

From steps | to 3, the reaction temperature is increased gradually, as well as the
released of HCI. The vacuum of the reaction system should be increased gradually as
the reteased HCI can absorb some amount of POCl;, which will result in low yield
(coaversion). The processes can be carried out under vacuum selected from [0 mmHg

to 760 mmHg.

Effect of Rate of Agitation
The rate of agitation should be at a minimum, otherwise a lot of foam will form and

some of the POCl; will be lost.



30 54 96 102 76 76 50 46 S8 58 46 . 50 67 22 2L 20 20 22 * Extension at
break of PVC before being extended is considered as 0 % Inpact strength.
Fromthe view of practical application, inmpact strength is one of inportant
parameters of nechani cal property of plastics. 23 Table 12: Inpact
strength of rigid PVC anount of nodifiers: 0.~%rv Unit: KJ/m' Content of
Modi fier CaC03, % - ADDP C 6-al kyl ®Wono C 6-al kyl Titanate phosphate ester
gl ycer ophosphate 0 8.7
308.91 0. 61 0.99. 6L0.950L0.112. 311. 8L0.912. 1678.1 28. 368. 428. 398. 37 From Tabl e
12, the inpact strength of PVC plastics without CaC03 is 8.7 KI/m'. Wen
filled with &% |}'qﬁqasti city of PVC dropped but hardness increased) thus
i npact strength increased as well. Wen CaCO- content is 50% i npact
strength reached the optinmumvalue (10.1 KJ/m"'). But if CaC03 content
continued to grow increment of brittleness would Lead to drastic dropping
of inpact stf W@ﬁeh On the other hand, at each |evel of CaC03 content, all
nodi fiers could inprove |r'rPact strength of sanpl es. As when CaCO cont ent
is SO% i npact Putteehsupd Bpttos, Bask s wied 4s Ameator m@a%éfahas&dtw%ﬁt ared to
~those without nodifiers, while titanate |ncreased by 20% The above
experi ments {ETRATSteF a108¢PE%T 20 CHRIIZARRYG I S&c0- b)?“°ABf)Fb6H‘éEIV ERENPEAY
conpatibility with PVC resins and other fornul ated conponents. The
mechani cal sPREAGRH tsr repraRrels ilmmersedoiay 4 Wl F%ﬁ%@a tERReEROHE |pintaineg.
Processing p erty of PVC/ CaC03, The theol |ca [formnces of sanpl es
are tested. 6P lcssra?:é‘aqé‘H‘Bv&q fPagEoT pfagtrpled t? léé‘P?? paL Lo gg PE property

%0 100 (w i ® 2%803g%féssadérda%?&‘é?%arﬁfgea?s‘?%fem%rr%gfa 28 “FOPGTERAY N rum
torque, 15°C. The released HCl is absorbed by NaOH solution. When the pH value of NaOH
| solution remained constant, the first step is considered to be complete. Then 24.3g of
' Cis-alcohol are added slowly and reaction temperatuce is caised to 35 to 40°C to proceed
to step 2. When the pH value of NaOH solution became constant, step 2 is considered to
be complete. Then, 15.2 ml, 0.2mol of isopropyl! alcohol and a small amount of catalyst
are added, while the temperature of the water bath is raised to 60 to 80°C. When the pH
value of NaOH remained constant again, step 3 is considered to be complete. The
obtained product is transferred and distilled under SmmHg vacuum. The distillate is

washed 2 to 3 times with warm dilute sulfuric acid and then 3 to 4 times with hot water.

The product is then cooled and dried under vacuum.

Example 2

[n a similac set-up, [1.8g, 0.lmol of 1,6-hexylene glycol is placed in the reaction vessel
and cooled to temperature at 15°C. [n an attached additional funnel, 18.5ml, 0.2mol of
POCI; is added in portions to the alcoho!, and allowed to react and the temperature

maintained at [5°C. After the addition process is complete, the mixture is allowed to



Nm No nodifier 96 | | | ~ | fIDDP 78 8.7 L 13.2 4Vhen CaCO~ is nodified by
A.DDP) plasticising time, bal anced torque and maxi num torque dropped by

| 8.8% 20.1% and | 2.6% respectively. Dropping of plasticising tine nmeans
that the shortening of processing time of PVC plastics. This is beneficial
to heat stability o f P VC plastics gnd the production efficiency can be

i ncreased. Decrenent o f bal anced torque and maxi num torque coul d be
attributed to surfactants, which inproved the conpatibility between PVC
resins and ftllers, reduced the cohesive energy, resulting in better

processi ng peqpedttiiar Mpdruk Tod MRt ©GRhite: HREGES bE Al leaMhablibSL3oNVent i on
has been described in relation to certain preferred enbodi nents thereof,

and many det gidufes REMEMIRERBRS. THhE FdidAsddMCIRE BB (@finth INaBSE oRkibOEd 1t Wil
be apparent to those skilled in the art that the invention is susceptible

to addi ti onalh.@ppdiie® 04td (dfneli NAthaRSdt Beh 2055 bhe LebRdlliPaddes Sbivied herein
can be varied considerably without departing fromthe basic principles of

the inventi Ofd reactidn tderfpbodhude & raibbdb AG QS H0UPLSHNBRER f6 MUhér thoipet | onal

groups ol eochenmi cals, the process consists i the steps of a) reacting a

phosphoryl hadda@ed ¥énkfint2th@h, oll5. 28k, @.zh@npﬁe%&wyﬁa@&lbe&{deﬂsrmomdua & to room
tenperature, under vacuum selected fromIO mHg to 760 mmHg, to
catalyst are added and the temperature raised to 60 to 80°C. The completeness of the

reaction is also monitored through the pH readings.

Example 3
The product obtained from the reaction is purified by column chromatography using a
stationary phase Kieselgel 60 (70 to 230 mesh ASTM) and a mobile phase hexane:ether

(80:20) oc by gradient elution.

The multi-functional groups oleochemical obtained from the above-mentioned process
is an alkyl diisopropy! diphosphates (ADDP) which is an ester which contaia a hydcoxyl
group and alkoxy groups of different number of carbons. As illustrated above, the

general formula can be represented by

R,0 OH

wherein n is 2,4,6.....

R¢, Ry and Rjare alkyl groups



forman internediate; b) reacting the internediate with a fatty al cohol of
a desired chain length at a tenperature selected from30 to 70 C, under
vacuum sel ected from|I0 mHg to 760 mmHg; and c) reacting the resultant
m xture of (b) with an alcohol in a presence of a suitable catalyst with
0.5 t0 2 %v at a tenperature selected from50 to 90 C, under vacuum
selected fromIlO nmHg to 760 nmHg. | 2. The process of claim1l, wherein the
phosphoryl halide is phosphoryl chloride (POCLj). 3. The process of claim
|, wherein the diol is |, 6-hexylene glycol. 4. The process of claiml,
wher ei n t he AWHPogesmihetd mpdugbo fBF}(}l_lqo%gmdé’@&sv@dou'wrhydtoelpli‘(a)dSieSefalrapped
a, nd bubbl ed into sodi um hydroxi de (NaOH) solution. 5. The process of claim
|, wherein t hglcopholi¢ grovpstienypsémettiagr Boriexargpiee pDOR)ediwd feindH 6 dadtyfatcohall 0 t o 20
C. 26 6. The process of claiml, wherein the pEi of the solution of step
(a) is nonit srddteandalafytiow solidr mring nedeltivrivant deg,) of K@ te 62iCtandwasilan be
considered to be conplete. 7. The process of claiml) wherein the desired
chai n | engt hdigsblvedia wager {pH <2100 dThe laquesusGoUstiord flAD Rihisi st ¢ ad, copld bk esedbl y C | 6
and C18. 8. The process of claiml|, wherein the reaction tenperature in
step (b) is descthscToel hidraptrilic group of ADDP allows ADDP to be better absorbed oato the

surface of the filler and the hydrophobic chain allows better mixing with the PVC resin.

Therefore a homogenous mixtuce of fillers and PVC resin is obtained. A mono-

functional groups oleochemicals such as fatty acid and fatty ammonium salt which have

been used as modifier do not give pecformance as well as ADDP.

Now, the uses of ADDP in the manufacture of polymers, in particular plastic will be

described. [n the preterred embodiment of the invention, the plastic is PVC.

Prior to the PVC formulation, ADDP is usually premixed with the calcium carbonate. [n
the laboratory, a cectain amount of CaCOj is stirred in an appropriate container or flask
and placed in an oil-bath and heated to 140°C. After L0 minutes, the.required amount of
ADDP added and sticred at the above temperature for another L0 minutes. The sample is
then taken out, cooled and kept in a dessicator. At industrial scale, a high speed mixer is
used to carry the filler, where the mixer is heated to 140°C and a cectain amount of the

modifier is added.

The type of PVC obtained will depend on the formulation chosen. For example, rigid
PVC can be obtained blending a certain amount of PVC resin with dioctyl phthalate,

which are fed into a high speed mixer and allowed to mix well for 5 minutes. Other



3 ~to 50 C. 9. The process of claiml, wherein the pH of the solution of
step (b) is nonitored and after it renai ned unchanged, the reaction can be
considered to be conplete. 10. The process of claiml, wherein the reaction
tenperature in step (c) is selected from60 to 80 C. | 1. The process of
claiml1l, wherein the catalyst in step_(c) is selected fromMCh, AIC3

Ti (OCzEf;),~ and Ti (OC~EC9) ~. | ~. Thé6process of claiml) wherein the

catal yst having 0.9 to |.3%w. |3. The process of claiml, wherein the pEt
of the solution of step (c) is nnnitored and after it remained unchanged,

the reaction ganvBesERNASkHRLIE %l Qul lcefeﬁt e&?s;ﬁ?te b }Q%te@rrag

according to any one of the preced g c ereln rogen c orlde

(HC1) gas is jpleazede MQQ&Q@H& t(?%@esvwfhaadltat(og\),\ﬁ@rgéjot(t&) dditives: suIlb%% process

according to any one of the preceding ¢ al1rs rern t rati os of

starting mat es"téaﬁ!: acid hQH: W Backid agﬁbr{'ga ﬁ‘rpgr@ lQ&ta\&@eﬁrﬁﬂh tlfe acﬁaIIWntcgnt'i‘nﬁgf ect to

nunber of mole of POCls) prefera et ween | process

according. 10, @RYoRfoBntVeRLABEADRG. Bl Ty W86 8! el BcgOHigEo! fatly

al cohol s is from any vegeta prefera m ol process

- according to @Y M8 Bfhd RExPECLLLNY 165B FRe to\m%&fng b EUddole 25

minutes. The resultant mixture is thea cooled at room temperature. [t is then ready to be
made into PVC sheets where it will be bleaded in a rolling mill. The gap between the
rollers will determine the thickness of the sheet. Thea it is process further before some
physical testing measurements such as tensile strength, impact strength and elongation

at break are carried out.

PVC, calcium carbonate and organic titanate are industrial products. Other materials
such as Cys alcohol, P,0;, POCl;, glycols are chemical reagents. Deionised water is

used.

Dry method is applied in modification of CaCO;. The filler is put into 250 ml round
flask, heated to 130°C under stirring and kept warming for 10 minutes. After cectain
amouat of ADDP (or other modifiers) is added, kept sticring for another 10 minutes.

The ADDP is then cooled to room temperature and put into desiccator.

Powder CaCO,; is kept under 20MPa pressure for 5 minutes to form a pellet. Ecma G-1
Contact Angle [nstrument is applied to detect the contact angle against water or liquid
paraffin. The apparent viscosity can be detected by homogeneously mixing of CaCOy;

and liquid paraffin at a ratio of 1:2 (w/w) before introduced into a rotating viscometer at



functional groups are phosphate) hydroxyl and several al koxy groups. 18.
The process according to any one of the preceding clains, wherein the

ol eochem cal s such as al kyl diisopropyl diphosphates (ADDP) which is an
ester which contain phosphates, a hydroxyl group and al koxy groups of

di fferent nunber of carbons, ranges fromC | to C24, either branched or
strai ght chai ned having a general stpucture R O p-O(,CH)n-~ ORa RZO OH
wherein nis 2,4,6..... R, R- and R 3 are alkyl ?roups are obtained. ?s
1 9. Al kyl diisopropyl dehOSphates (ADDP) which is an ester which contain
phosphat es, a hydroxyl group and al koxy groups of different nunber of

car bons, rangesn femperat@rel Otl @bsodility &ievHeatedmcentdingtd Ghinesst StandgtdtGBYAV ned havi ng
a general structure OOFt, 0 P.-' O (CHz)n- ~ -.0R a RO OH wherein n is
2,4,6..... , R whiidst tap ovhitenessr e eadliapdd geardipg to BBinesT DI BIIo€R4i Ied | n
clainmed 19, wherein the ADDP derived fromC6 fatty alcohol is a cvhite or
pal e yel | ow 28Diwhite@sd metdthe ADDP as cl ained in clained 20, wherein the ADDP
having the nelting point (mp.) of 60 to 62C. 22. The ADDP as clained in
claimed 20, wherein the ADDP dissolves in water (PH<2,0).

To evaluate mechanical propetties of PVC plastics, sample prepacation and detection
are using the methods as followed, tensile strength is evaluated according to Chinese
Standard GB1040-92, exteasion at break is evaluated according to Chinese Standard
GB1040-92 and impact strength is evaluated according to Chinese Standard GB1043-

93.

The rheological properties of PVC samples are detected by RC-90 Torque Rheometer
under following conditions, temperature of 175°C, load of 5kg, rotating speed of 30rpm

and sample weight of 65g.

Sucrface modification of CaCO;,

Coatact angle.
Contact angle is one of the mostly used pacameters to reflect the wetting property of
solid/liquid interface. The values for pure and modified CaCO3 with kinds of modifiers

are listed in Table 6.



23. The ADDP as clainmed in clainmed 20, wherein the aqueous sol ution of ADDP
is stable and could be used directly. 39 ?=~. A process of formulating a
pol ymer using ol eochem cals, the ol eochenmi cals are produced by the

followi ng steps: a) reacting a phosphoryl halide cvith a diol at a
tenperature selected fromLO C to rogm tenperature, under vacuum sel ected
fromlOmHg to 760 nmHg to forman internediate; b) reacting the
internediate with a fatty alcohol of a desired chain length at a
tenperature selected from30 to 70 C, under vacuum selected fromI0O mrHg to
760 nmmHg; c) Tablaét Confacthagle eECHGRumerint p(meli@des:0Ffowi t h an al cohol in a
presence of a suitable catalyst with 0.~ to ~ %v at a tenperature sel ected
from 50 to 98difieinder vacuum sel ected from 1Commatitaggle ¢) 760 mMHg to form
the ol eochem cals; d) stirring a Hler such as cal cium carbonate (CaC03) in
a container, placed in an oil-bath anchatieriaed to | 35 @@aihstlqéd preferably
at 140 C e) mxing and stirring the ol eochemcals into the filler from
step (d) to forma nodified filler; cooling the nodifp&stthi || er obtained
fromstep (e); g) blending the polynmer resin with additives such as dioctyl
pht hal ate, twNb&asi c [ead sul phate) dibasii¢ [ead phosphatepand [ ead
stearate; h) heating the m xture obtained fromstep (g) to 80 to 85C,
preferably 8ApGp i) adding sone preferredgadditives suchi@s stearic acid,
calciumstearate and paraffin into the m xture obtained fromstep (h); j)
heating the @igatkgtghosphbaieied from step (B} to 8~ to 95C, ipreferably 90C, k)
m eing the nodi Eed filler into the m xture obtained fromstep (j); L)

heati ng the Wi Oaligbglateasptospliaien step (B to 100 to t LOC, preferably
10~C, 30

Titanate (NDZ-201)* 75 11

*As reference
From Table 6, it could be seen that all modifiers could increase the coatact angle of
CaCOj against water and decrease that against liquid paraffin. Among all, ADDP had

the most obvious effect.

Oil absorbility.

Oil absorbility demonstrates the amount of plasticiser that can permeate into the space
among CaCOj particles. This part of plasticiser could not function as plasticisation, thus
it should be cut as possible. From Table 7, the oil absorbility of all modified CaCO;

decreased and ADDP behaved the best.



m cooling the m xture obtained fromstep (1)) preferably to room

tenperature; and n) blending the resultant product fromstep (n) into

sui tabl e machinery to form pol ymer sheets. ?3. The process as clainmed in

claim 24, wherein the filler is calciumcarbonate (CaC03). 26. The process

as claimed in claim2~., wherein the polyner is plastic) preferably

pol yvinyl chloride (PVC). 27. The pnocess as clained in claim 24, wherein

the ol eochem cals is al kyl diisopropyl diphosphates (ADDP) which is an

ester which contain phosphates, a hydroxyl group and al koxy groups of

di fferent nunber of carbons, ranges fromC | to C24, either branched or

strai ght chal el (labserbityetyaedifiedsG1GRy ypeuntot madifiery; 0.7% wOR 3 RZO OH

wherein n is_2,4,.6 >Z~. R- and Et3 are alkyl groups are obtained. 28.

The process ooddleai m ?=~, wheit @isorbiihemppbs@docyl hali de is phosphoryl

chloride (POA 3). 29. The process of claim?24, wherein the diol is

1, 6- hexyl ene gl ycol. JL 30l The2process of ateaigen 2~, wherei n the hydrogen

chloride (HC) gas evolved in step (a) is trapped and bubbl ed into sodi um
hydr oxi de (NaOH) sol uti on.

None 082 080 0.l 0.81 100
ADDP 032 033 0.32 0.32 39.5

Cis-alkyl phosphate 047 045 047 0.47 58.0

ester

Mouno Cs-alkyl 0.56 058 0.55 0.57 70.3

glycerophosphates

Titanate (NDZ-201) 045 045 046 0.45 35.6
Viscosity.

Viscosity of a paste of fillec/liquid paraffin is used to evaluate the mobility and
dispersing property of fillers in resins. Some data in Table 8 showed that modifiers

could significantly drop the viscosity of system, also ADDP is the best.



31 . The process o f claim2=~, wherein the reaction tenperature in step
(a) is selected fromLOto 20 C. 3?. The process of claim24, wherein the
pH of the solution of step (a) is nonitored and after it remai ned
unchanged, the reaction can be considered to be conplete. 33. The process
of cl.aim 24, wherein the desired chain lens h of the fatty alcohol is CL
~.) Cl6 and C 18, preferably C 16 and C| 8. 34. The process of claim 24,
wherein the reaction tenperature in step (b) is selected from3 Sto SO C.
35. TFhe process of claim 24, wherein the pH of the solution of step (b) is
nonitored and after it remai ned unchanged, the reaction can be considered
to be conpl efable B iscTiey of modifisd CoC Oglagiommf moditiersed. Aot vhd + 28€t i on
tenmperature_in step (c) is selected from60 to 80C. 37. The process of

cl ai m 24) whdodfists t he cat al y&tosity nsfta®p (c) is selected from Nl gCh, ALC s
Ti (OC~El ;)a and Ti (OC~. EI 9) ~. 3? 33. The process of claim2~, wherein the
catalyst having 0.9 to |.3%v. 3% The process of claemag24, wherein the pH
of the solution of step (c) is nonitored and after it renmai ned unchanged,

the reacti ornggan be consi derd txaode cospl elseo 2300 100
ADDP 82 85 30 85 85 4.13
Ci-alkyl  phosphate 118 120 (05 120 L6 5.04
ester
Titanate (NDZ-201) L10 110 1to 110 L10 4.78
Whiteaess.

Whiteness of samples is shown in Table 9, where pure CaCO; had the highest value.
When covered with modifiers, whiteness decreased. Titanate itself had deeper colour,

thus made whiteness dropped by 7.4%, while ADDP only 0.4%.

Table 9: Whiteness of modified CaCQOj3, amount of modifiers: 0.7% w

Samples pure CaCO; ADDP Cig-alkyl Titanate

phosphate estec  (NDZ-201)

Whiteness 91.2 90.8 87.8 84.5

% L00 99.6 96.3 92.6

Through the above tests, it could be seen that to CaCO;, ADDP, is a kind of modifier

with good properties. Differential Scanning Calocimeter (DSC) test showed that ADDP



40. The process according to any one of clainms 2=~ to 39, wherein hydrogen
chloride (HCl) gas is released throughout steps (a)) (b) and (c). 4L. The
process according to any one of clains 24 to 40) wherein the nole ratios of
starting materials should be in the range between L to 3 with respect to
nunber of nole of POC 3, preferably between | to 2. | 42. The process
according to any one of clains 24 to 41, wherein the source of fatty

al cohols is fromany vegetable oils,2lpreferably palmoil. 43. The process
according to any one of clainms 24 to 42, wherein the nufti-functional
groups are phosphates hydroxyl and al koxy groups of different nunber of

Y bogs R 22%; g@”g& ﬁ“%& css) aﬁger@%g%@ eé’tAt?;& &fs&{i‘éo oS fed
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Tensile strength.
Three different amount of CaCOj are added in PVC plastics with the same formulation.
Data of tensile strength ace shown in Table 10. PVC plastics without CaCO; had tensile
strength of 50.1 Mpa. The value dropped along with the increment of amount of CaCO:;.
Foc example, whea CaCO; is 50%, tensile strength is 33.1Mpa, decreased by 33.9%. On
the other hand, those containing various modifiers had increased tensile strength to
some extent. This improvement is obvious especially for samples with lower content of
CaCOj. For instance, when coatent of CaCO; is 30%, tensile strength of sample
' modified by ADDP is 42.4Mpa, increased by 9.6% of the one without modifier (38.7

Mpa), while that containing titanate only increased by 3.9%.

Table 10: Teasile steength of cigid PVC, amount of modifiers: 0.4% w. Unit: Mpa

Coateat of Modifier

CaCO;j, %* - ADDP  Cjs-alkyl Moao Cg-alkyl Titanate

phosphate ester glycerophosphate

0 50.1

30 38.7 42.4 39.6 395 40.2
50 33.1 36.7 36.0 35.6 35.2
67 30.9 30.9 31.4 30.7 30.5

*PVC resin amount is considered as 100%.
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CaCO;, %* - ADDP  Cis-alkyl Mono Cs-alkyl Titanate

- 100

phosphate ester glycerophosphate

30 54 96 102 76 76
50 46 58 58 46 . 50
67 22 21 20 20 22

* Extension at break of PVC before being extended is considered as 0 %.

[mpact strength.
From the view of practical application, impact strength is one of important parameters

of mechanical property of plastics.
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Table 12: [mpact streagth of rigid PVC amount of modifiers: 0.4% w

Unit: Kf/m?

Content of Modifier

CaCO;, %* - ADDP  Cys-alkyl Mono Cig-alkyl  Titanate
phosphate ester glycerophosphate

0 8.7

30 8.9 10.6 10.9 9.6 10.9

50 10.1 12.3 1L.8 10.9 12.1

67 8.12 8.36 8.42 8.39 8.37

From Table 12, the impact strength of PVC plastics without CaCO;s is 8.7 KJ/m®. When
filled with CaCO;, plasticity of PVC dropped but hardness increased, thus impact
strength increased as well. When CaCO; content is 50%, impact steength reached the
optimum value (10.1 KJ/m?). But if CaCO; conteat continued to grow, increment of
brittleness would lead to drastic dropping of impact stcength. On the other hand, at each
level of CaCOj; content, all modifiers could improve impact strength of samples. As
when CaCOj content is 50%, impact strength of system with ADDP increased by 22%,

compared to those without modifiers, while titanate increased by 20%.

The above experiments. demonstrated that CaCO; modified by ADDP had excellent
compatibility with PVC resins and other formulated components. The mechanical

strength of materials could be improved evidently.
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Processing properties of PVC/ CaCO;
The rheological performances of samples are tested. Results are shown in Table 13.
Table 13: Rheological property of rigid PVC/CaCO; plastics amouat of modifiers:

0.4% w, CaCO;:PVC = 30:100 (w/w)

PVC samples Plasticising time, S Balanced torque, Nm Magimum torque,

Nm

No modifier 96 L1 5.1

ADDP 78 8.71 13.2

When CaCO; is modified by ADDP, plasticising time, balanced torque and maximum
torque dropped by 18.8%, 20.1% and 12.6% respectively. Dropping of plasticising time
means that the shortening of processing time of PVC plastics. This is beneficial to heat
stability of PVC plastics and the production efficiency can be increased. Decrement of
balanced torque and maximum torque could be attributed to surfactants, which
improved the compatibility between PVC resins and fillers, reduced the cohesive

energy, resulting in better processing property.

While in the foregoing specification this inveation has been described in relation to
certain preferred embodiments theceof, and many details have been set forth for purpose
of illustration, it will be apparent to those skilled in the art that the invention is
| susceptible to additional embodiments and that certain of the details described herein

can be varied considerably without departing from the basic principles of the invention.
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L. A process to synthesise multi-functional groups oleochemicals, the process consists
the steps of:

a) reacting a phosphoryl halide with a diol at a temperature selected from 10 °C to
room temperature, under vacuum selected trom [0 mmHg to 760 mmHg, to
form an intermediate;

b) reacting the intermediate with a fatty alcohol of a desired chain length at a
temperature selected from 30 to 70 °C, undec vacuum selected from [0 mmHg to
760 mmHg; and

c) reacting the resultant mixture of (b) with an alcohol in a presence of a suitable
catalyst with 0.5 to 2 %w at a temberature selected from SO to 90 °C, under

vacuum selected from 10 mmHg to 760 mmHg.

N

The process of claim 1, wherein the phosphory! halide is phosphoryl chloride

(POCLy).

The process of claim 1, wherein the diol is 1,6-hexylene glycol.

[¥9)

4. The process of claim |, wherein the hydrogen chloride (HCL) gas evolved in step (a)

is trapped and bubbled into sodium hydroxide (NaOH) solution.

5. The process of claim 1, wherein the reaction temperature in step (a) is selected from

10 to 20°C.
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35to 50°C.

9. The process of claim |, wherein the pH of the solution of step (b) is monitored and

! aftec it remained unchanged, the reaction can be considered to be complete.

10. The process of claim |, wherein the reaction temperature in step (c) is selected from

60 to 80 °C.

L. The process of claim [, wherein the catalyst in step (c) is selected from MgCls,

| ALCL; Ti(OC:Hs)s and Ti(OCsHs)s.
12. The process of claim |, wherein the catalyst having 0.9 to 1.3%w.

13. The process of claim L, wherein the pH of the solution of step (c¢) is monitored and

after it remained unchanged, the reaction can be considered to be complete.
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L4. The process according to any one of the preceding claims, wherein hydrogen

chloride (HCl) gas is released throughout steps (a), (b) and (c).

15. The process according to any one of the preceding claims, wherein the mole ratios
of starting materials should be in the range between [ to 3 with respect to number of

mole of POCl;, preferably between [ to 2.

16. The process according to any one of the preceding claims, wherein the source of

fatty alcohols is from any vegetable oils, preferably palm oil.

17. The process according to any one of the preceding claims, wherein the multi-

functional groups are phosphate, hydcoxyl and several alkoxy groups.

18. The process according to any one of the preceding claims, wherein the
oleochemicals such as alkyl diisopropyl diphosphates (ADDP) which is an ester
which contain phosphates, a hydroxyl group and alkoxy groups of diffecent number
of carbons, ranges from Cl to C24, either branched or straight chained having a

general structure

R,0 OH

whereinn is 2,4,6....., Ry, R; and Rjare alkyl groups are obtained.
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structure

R,0 OH

wherein n is 2,4,6....., Ry, R2 and R; are alkyl groups.

20. The ADDP as claimed in claimed 19, wherein the ADDP derived from Cl6 fatty

alcohol is a white or pale yellow solid.

21. The ADDP as claimed in claimed 20, wherein the ADDP having the melting point

(m.p.) of 60 to 62°C.

22. The ADDP as claimed in claimed 20, wherein the ADDP dissolves in water

(pH<2.0).

23. The ADDP as claimed in claimed 20, wherein the aqueous solution of ADDP is

stable and could be used directly.
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f# 10988& ()- $10wmpgrabure selected from 30 to 70 °C, under vacuum selected from 10 mumEg
760 mmHg;
¢) reacting the resultant mixture of (b) with an alcohol in a presence of a suitable
catalyst with 0.5 to 2 %w at a temperatuce selected from 350 to 90 °C, under
vacuum selected from 10 rumHg to 760 mmHg to form the oleochemicals;
d) stirting a filler such as calcium cacbonate (CaCO;) in a coatainer, placed in an
oil-bath and heated to 135 to [50°C, preferably at 140 °C;
e) mixing and sticring the oleochemicals into the filler from step (d) to form a
modified filler;
f) cooling the modified filler obtained from step (e);
g) blending the polymer resin with additives such as dioctyl phthalate, tribasic lead
sulphate, dibasic lead phosphate and lead stearate;
h) heating the mixture obtained from step (g) to 80 to 85°C, preferably 80 °C;
i) adding some prefecred additives such as stearic acid, calcium stearate and
paraffin into the mixtuce obtained from step (h);
j) heating the mixture obtained from step (h) to 85 to 95°C, preferably 90°C;

k) mixing the modified filler into the mixture obtained from step (j);

[) heating the mixture obtained from step (k) to L00 to L10°C, preferably 105°C;
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polymer sheets.
25. The process as claimed in claim 24, wherein the filler is calcium carbonate (CaCOj3).

26. The process as claimed in claim 24, wherein the polymer is plastic, prefecably

polyvinyl chloride (PVC).

27. The process as claimed in claim 24, wherein the oleochemicals is alkyl diisopropyl
diphosphates (ADDP) which is an ester which contain phosphates, a hydroxyl group
and alkoxy groups of different number of carbons, ranges from Cl to C24, either

branched or straight chained having a geaeral structure

wherein nis 2,4,6....., R(, Ry and R; are alkyl groups are obtained.

28. The process of claim 24, wherein the phosphoryl halide is phosphoryl chloride

(POCly).

29. The process of claim 24, wherein the diol is L,6-hexylene glycol.
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31. The process of claim 24, wherein the reaction temperature in step (a) is selected

from 10 to 20°C.

32. The process of claim 24, wherein the pH of the solution of step (a) is monitored and

after it remained unchanged, the reaction can be considered to be complete.

33. The process of claim 24, wherein the desired chain length of the fatty alcohol is

Cl4, Cl6 and CL8, preferably C16 and CI8.

34. The process of claim 24, wherein the reaction temperature in step (b) is selected

from 35 to S0°C.

35. The process of claim 24, wherein the pH of the solution of step (b) is monitored and

after it remained unchanged, the reaction can be considered to be complete.

36. The process of claim 24, wherein the reaction temperature in step (c) is selected

from 60 to 80°C.

37. The process of claim 24, wherein the catalyst in step (c) is selected from MgCl,,

AlCL; Ti(OC,Hs)4 and Ti(OC4Hy).
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39. The process of claim 24, wherein the pH of the solution of step (c) is monitored and

after it remained unchanged, the ceaction can be considered to be complete.

40. The process according to any one of claims 24 to 39, wherein hydrogen chloride

(HCl) gas is released throughout steps (a), (b) and (c).

| 41. The process according to any one of claims 24 to 40, wherein the mole ratios of
starting materials should be in the range between | to 3 with respect to aumber of

| mole of POCI;, preferably between | to 2.

42. The process according to any one of claims 24 to 41, wherein the source of fatty

alcohols is from any vegetable oils, preferably palm oil.

43. The process according to any one of claims 24 to 42, wherein the multi-functional
groups are phosphates, hydroxyl, and alkoxy groups of different number of carbons,

ranges from C1 to C24, either branced or straight chained.



