
I  T"7M.ON R Hr' S'E OR GA A" H"/  L Se d'1 t7 e I
Bi"c'r?iJt)B'; 5 The present invention relates to
statdo &y phases for use in gas  +a irorna t:ograa.ti
l';.' ?uoiuCT ns, to c .,omatog rap`hy ..i)It.m ns
containing he st"i unary  phha'- es, and to "%
.alytical and separation processes using the
stationary  proses. 10 Bac,i L) , i. of the
Inventfon_ Chromatography is a technique thlat is
IviEdely used for the analysis, partitioning  and/or
separation of compound,,-- contained i b a mixture of
compounds. Gas  is a 'axon of c from tographyr that
is used particularly for the gases'- For example, gas
15 ,.1 !p.`, 1: C r separation of rel tivelyi
volatlir liquids or tM. a }a. o. 1aph.. +' is use
extensively in the petroleum industry for the spa-
separation of petroleum distillates into their c on
stittue'nt compounds in order to analyse the
composition of the dirt l ate.. 20 Holy, gas
chromatography involves the separation (or park!
separator) of  compounds present in a gas stream
using a gas chromatography column that  ontai.ns t3
stationary phase (also known as a packing materi'al'
or an  .dsorhentu). TO process of Cifferentia
adsorption or interaction between the cornpounds and
the stationary phase leads to the separation of the,
compounds  25 from the. mixture. In use, a volatalis
d mixture of compounds is carried through the  ch o
iatcgraphy column t)y a carrier strearrl of inert g
a`Y. '.nte actions betn,e-e'r?.  the compounds and
the stationary phase leads to separation of at least
some of :3( the compounds and these are then detected
as they exit the column by a  detector that is in
fluid communication with the outlet of the column.
Stationary phases can take many forms, but for the
purposes of description of  the present invention,
they essentially consist of a support material that
is 



2 ev ty :t t d wit' a thin layer of a coati[[
material ?n the FermY3 of a iiqu. d  J f6n','u. In a
s+=b- al.::'d ir. ^!2, ,'_t t;'S'liill;mn the,
support 'r,+i='M6.`A4 composes a tiara cuiate sc1:d
of relatively uniform part;cle ~J e. The l .-i:"ti
.ies f!it. a tubular  column that I .azb is ated tl
oEr; stainless stte" l gb.s"s c, r pe r or o'-he, i "
ar.de  5 c -',trial.. In an aifernative form, the
co!um n may he ? ' c pill arr c.ti_ psnr:'1..r'
comprising a length a ..i`r.~l hegira tubing..
r.ontainrg a thin lave of tai e c~ flist3  mat-rial
on the, inside vv all of the tube. I he composition
of the stationary phase, and in pa:;rticular, the
coahiegg mater ai,  10 determines at least in part
the types of compounds that can be separated, as
trig{..=: as the degree of separation that can be
achieved. Examples tl stationary phases that are in
use include OV1 or SE-30 In the, drug a aivuis field,
arir  aChhrornosorb '.02, Apiezon L, Dexsil, or
eOJ-101 in the h,Vdroca&,-w,, Field, The  sec :ion of
v3! station a:ry phase for a partictslar application
will depend at l asst in s t part upon the strtl
.rune, polarity and the volatility tb t e compounds
to be  analysed.''. In the field of petro eum
analysts in particular, the demands on the stationary
phase are very h.igh as analysts strive to separate
fi1sixk es ccurit,ainir:g a r umbel  20 of
structurally related or isomeric compounds that have
si i il,ar rriclecula weight, polarity ardlor vola
iiity. An example in this field is the separation of
i sor ers of butane.  nfortuna ely, The capacity of
many existing stationary phases to v pa-at ,  25
Compounds on interest is not as great as would be
hiked. To 'prove  separations using fisting
stationary phases it has become practice to Join two
or more columns in sequence to achieve sufficient
separ tion of corn! tound.s.  Clearly, there is a
need for stationary phases that provide improved
separa-Ilio'Is  of compounds of interest. 10
Accordingly, the present invention aims to provide a
packed column stationary  



phase that is able to separate one or more compounds
from a mixture of  compounds more efficiently than
some of the existing stationary phases. , rnn r' of
the lrv ratio ... Its present inventor arises out of
the innventor's research into alters at:ve
stationary phases that are particularly suitable f 7r
separations in the peb-chum  industry. In particular,
the present invention arises out of he ncen or's
discovery that the resinous products from a
condensation reaction between  phenol-de"iva iv"es
and aldehydes have a greater capacity to separate
some  mixtures of compounds than do some or the
existing stationary phases. Thus, the present
invention provides a stationary rhos:e for a gas  c i
-matoagraphy column, the stationary phase inciudi fig
a support material and  a at%ng satteriai that is
coated onto the support material, the coating
material  including a resinous product of a
condensation reaction between one or more
phe`io`r:.+derivatives and one or more aldehydes.
When the station ry phase of the present inventor is
used in a gas  20 chromatography column under
standard conditions, the oiisrr t is able to
separate a liquified natural gas ('LNG') sample into
its constituent 01C34  aliphatic and aromatic
compound mixtures in a single run or one cokirrmn. To
the best of the inventor's knowledge, this type of
separation was previously only  achieved with
existing stationary phases by using a number of
columns  t25 connected in series. It will be
appreciated t, at condensation reactions between
phenohden v , vet  and a'deh,.des can potentially
produce a number of products depending upon  the
reaction coinditions. For example, base catalysed
reactions typical%y 30 produce resinous type
materials that are a product of condensation between
the  phenol and aldehyde groups. During the course of
their studies, the inventors  have developed a
procedure for producing resinous phenol-derivative
aldehyde  condensation products and coating these
onto a solid support. in a preferred  form of the
invention the resinous coating material is reacted
with the solid 



,,!,port to form c .valent b.3r ds between ii-R-
coating rhiater rl and the solid  s AccAo-dingly, the
present invaent.on also ,rovices a noc ss for PT60err
? a  statio`l1 liy phase packing material fbr a gas,
crhrsoms.:ography Column, the  E'cc ss including the
steps of (a) reacting one or more p henobderfvatti\
es skid one or more aldehydes in  a condensation
reaction in the presence. of a catalyst to form a
resin us  coating material; and 10 (b) coating a
support material v ith the resinous coatin=g material
from step  (a) to pr'odfuce said stationary phase.
The present invention ';Further orovides a packed
column for c as  chrornaatography, the column cor
taining 5: stationary p e e, of the typo  E.' rri
!toned above. As discussed, t'he inventor has found
that the stalltry, anj phase of the present
invention p o.vides improved separations of some
mixtures of icon pounids.  '4ccordinc!y/, tine
present invention also provides a pro e_s for
sseparatif g one or 20" more compound's from a
mixture of com e i n s  compounds, the ;yro,e
..,.,gs; iri ~.ua, rid the st4p,~  (a) passing a
liquid or gaseous form of the mixture of compounds
over or through a bent or column containing the
stationary phase of the first  form of the in
ertl+on, and 25 (b) detecting or recovering the
separated compounds that exit the bed: or  column. o
chromatography column s preferably a pack<-e,d column
and the par king  mate',ria is a particulate solid of
relatively uniform size with a specific m 1 size.
The reaction between the phenol-derivatives and the
aldehydes may be  catalysed by acid or base. Under
these conditions, polymeric condensation  products
are formed. Most preferably, a base such as sodium
carbonate  catalyses the reaction. 



i1+"a lsr it is conterirpiateo that -r-y ,heno - e i
tiv r:nay he  o'f the stationary '`haase, in a
preI'Med_?: form of ti' e inn :"entinr, t..N3e pl .r.
i`!0i a. .+iab tli" is tlt''ua?, i.G -~"h S:Fn:lath ,
n1 `'E $rnl-e..' of aide v dew a.'1 d4wbase  can be
used in the reaction to form the -;C.,1 ,ting mnateri
a3. However, in  a preferred '" rrn of the ii
vent4dan, the a'd:ehys e is ,; rmaidtiiihh" de (`or a
source  thereo,, and the base catalyst is sodium
carbons, '. in a further preferred form of the
invention, the stationary phase may he formed  10 by
reacting resorcinol with panaformaldehydc in an
aqueous soW,utiorr, containing  :1 . 2:1 (vwtw) ratio
of paraformaidehyc e to reso - i;nol, and a 10:1 to
20 c -',nol to `sodium carbonate. ? he rear ion may
be cirri d out  ('rJ/w ratk of r sor at about 60':;
to about SOC. Upon completion of the . reaction, the
pH of the  reaction ,ixtr re is preferably adjusted
to to 7 and cess aqueous .so,vent is sep m e.
G"S-l~t; x be removed by  e.a a u ~GPa aCau"a f ,.,
ro.tihu r.,e;t.i~~i. +i9Gi'Itare. The solvent t, ~?
distillation a reduced pressure or example. The
reaction product then preferably added in dropwise
fashion to the  oanicuiaie support material with
heating to about 150C to about 200C with  2 . X.}
-nixing. -ihe amount of reaction pmCuCt that is added
to the uppvr rGGareGul  ;'aay be 1 %, 2%, 5% or 10%
(vvAJv). The particulate support material may be any
suitable material that i ; U ed fo,  that purpose in
the art, including silica and alumina. Most
preferably however,  25 the particulate support
material is sficaa. i ica is available in. a wide
range of particle sizes, As is known in the art, the
size of the stationary phrase particles in packed
columns can have an effect or the performance of the
stationary phase. For t re purposes of the present  3
invention, the silica support material preferably ha,
a particle size of about '100  to about 300 microns,
and more preferably about 125 to about 212 microns.  



Columns containing the stationary phase of the
present invention may be used  to separate any
suitable mixture of compounds. However, the inventor
has C  if t4 rf4 that the stationary obese is a tiC;
ularly suited to the separation of sur s of
hydroca...ons, and in , ri:.csil r to eparatons of
perr l u tl'aal  t oe such a:s I queIet di r attar. l
gas .  5 at L,-eSl ioticoon of t+-Ee Figures The
invention "M 11 now be i ustrated with ref irernce to
the accompanying figures  in Which :. 1"0 Figure 1
snows can elution p oHe for the analysis of a gas
phase sample of  LNG on an AMFAK 1-1 column, and'
Figure 2 shows an elution prot%le for the an<.:.1'sis
of a liquid phase sample  15 of 1 ,MG on an, AMFAK
"-1 cocain. Detailed Description of the Invention As
mentioned previously, the resinous coating maheri.al
that is prepared  0 according to the me hods 4
esscribed herein can be used in a packed column.  For
the purposes of further description and discussion of
the inve.neti n,  reference will be made to a packed
column using a particulate solid support  .aerial
with which the resinous coating material is reacted,
However, t will be  appreciated that the invention is
not to restricted to Chit ape, ifi=: r rnbodrr eni.
6 fin preparing the stationary phase, the resinous
coating material is formed  initially. The resinous
coating material ulti Maately reacts with the
;sationary  ,lase. To form the resinous material, an
aldehyde is . reacted with a phenol  derivative under
base catalysed condition& 



30 The aldehyde component of the resinous coating
material can be any suitable  aldehyde, including
formaldehyde, acetaldehyde, glyoxal, furaldehyde,
benzaldehyde, hydroxybenzaldehyde or
chioroacetaidehyde. Most preferably,  the aldehyde is
formaldehyde or any formaldehyde derivative that is
known in the art to be in conjunction with =rniai;d
.ial+ resins. e source of  fo adehyie is rrete:.ably
used as the ardehyd: .comoone;n't. For exaimF le, a
Bor eii!"r s.luutwn containing ether 37 or 50 vsignt
pe C;,` nt icy mald:e hyde in r: .aar be t ar.d ': a
1 h, d I e hy,  'e? h^'3~,simethylE 4i^:inet.t 'dine.
may be. used as a formaldehyde equieal nt-. I'viost
preferably, he we:.er, the formaldehyde source i~
parato -,aldehyde in the form  of paraformaidehyde
powder that, in solution, pr v'id s an equilibrium
concentration of formaldehyde. The aldehyde component
may also, be a  mixture of two or more aldehydes. 11
The phenol component of the resinous orating material
nay he ohenol itself  (Le , `4 h+adroxybenzene) or
any other suitab e phenol derivative, including
substituted f} er-tol_ such as `c`reso s and xy 'nol
;, or a dL or polyhy?dri pienol.  Examples of di- or
polyInydric phenols th2t rnay be suitable for this
purpose 'l i nclud=e: resorcinol, o-cre oi, p-cresol,
patertbtatylphenol, p nonylphenoi, p - d -decvlf
Terra;[, Bifunctional xyle.nols, catechol,
dihy,A,m,xybip,henol,  tr hydroxyl phew oV
hydroquinone, alley lidenebi p'henol s or
thin-bisphen."ls. The  prenol component m ay also be
a mixture of two or more these corm pounds.  Most prr
ferab'ly, the phenol component is esorci ,oi. 20 The
resinous coat ng material may be obtaa ned by heating
the phenol and the  aldehyde in the presence of a
base catalyst. Useful base catalysts include  those
known in the art, for example, sodium carbonate,
potassium carbonate,  



sodium hydroxide or potassium :hydroxide, Most
preferably the base catalyst is 2 sodium carboVnate.
I he catalyst may also be a mixture of two more base
catalysts. Although the levels of base catalyst may
be aadjusted the base is preferably;  added to the
reaction mixture at a resorcinol sodium carbonate
ratio of :'bout  is' 10: I to about 20:1 (wilts).
This amount of base catalyst is thought to prove a
materia having desirable properties of the coating
material, whilst allowing for  sufficiently rapid
cure. a c a res n,' us oat; n; accordance wbid, the p
went  invention E oroduc.ed by 0 Pal -r" y weight of
the phenol co you n ",d,  10 parts bsu tia'eight of
t`hP .loe,lyde coomuwru (,. and a oarts by `fwei+ght
of sodium  r.. bnnat5. in hater, and condo cting the
reaction at a reaction temperature of 6.0  3 least 2
tieuk =. In t e vase of the -a tion of res orcir:cl
with  form ldehyde, ti .e re ction. is preferably
maintained at a reaction .Eii[tperatuJi of  about a
for about 2 hours. Although the relative amounts of
resorcinol and  formaldehyde have been separately
described, it is co dtempated that p e- reacted
resins of r ,sorcincl and formaldehyde could also be
used. ttt No.... ?aily, the fesorcinoiff rnialdehyde
condensation product is mmd e fist and  teen it is
added to the silica. However, this is only a
prefer-e,d procedure and the  reactants the resorcncl
and foram aaldehyde) can be added to the siUca in an
uncondenr sed! foram and the c ntir< col condensation
can t:nen W ,:e place in s/tu, it is believed" that
the resins. bus coating mater al is produced in a
mnetl^tploration  reaction between the )henol and the
aidehyde in the pm ence of, the base  catalyst.
,.-ptlona.l`y, the phenol-aideha {fie condensation
product iiay be further  modifie with a modifier. 4 ,
exalmplc a second, phenol or derivative may be %0
used to modify one or more properties of the pm duct,
such as the polarity or the  viscosity. 



FoIio,o,iing the condensation reaction betweei, the
phenol and the aldehyde, the  reactor is rrcteralbly
heated to an elevated temperature (oreerably in the
range.  ,:?t3 of about 6.0C to about 90C, and most
preferably at about 70'r") and held at this
temperature until a product of desired viscosity is
produced. The  emperatu re of the reaction is
preferably contro.led in older to rev'ent  dove,
heating. 30 Ee ruction is. carried out using water as
the solvrent. H. owever, any other  suitable solvent
may be used. Upon completion of the reaction. the
solvent may  be removed using any suitable solvent
removal technique, such as distillation. 9  The solid
s4 ppo;t material may be any material tha i sed that
pu ,ose in  t'_ ar`i. For e ,amiple, aiuril i .a and
s I . a, are. comw MO suppor 37aterit,"_. Most  .'I..
rF:.'k-"_.kal,=, th-' support ornate al is sit _a.
i'I l arliciIai, N.' -(Mlersialiy availaole  silica
rie! having p afc e size of 2u 10 ,z ii2 ni is found
to be suit "l . a Pifeo' to eact,ng the silica with
the resinous +oaating mater as it s preferably  J
eactivated by treating the silica with a catalytic as
mount of a activating  substance that activates the
silice and promotes adsorption ard!cr bonding Of  the
resinous coating mate'ria to the silica particles.
Many activating substances 10 for this purpose are
known I` the art, and for example acetic a .h dridle
is found  to be su=ta'ole for the purposes of the pr
sent invention. Thus, the r ca s.  preferably stirred
and' 3 e tc-A to about 80C in the presence of acetic
anhydride  for about 15 minutes. Preferably about 0.l
to 1% (ww) acetic anhydride is  used, and most
preferably about 0.5 % (w/w) acetic anhydride is
uses. Fr llowino activation of the silica, the
resinous coating material is added  diopwise with
heatng. The arnount of resinous coating material to
he added  will depend or tie density of liquid phase
required on the sup mi, material. In  preferred
embodment'=, 1, 2, 5 or 101% (,witty) of resinous
Cos-Ting a era is  2 



20 a ~ added, The silica mix~rarn: is preferably
heated at between 11^PS+'; and 6E~'~iOv  until the
reaction has abated as evidenced by, a slowing or
ceasing of the  evolution of fumes and moisture from
the mixture. The stationary chase so obtained is Cher
sutahl'e for r adckir g into +, ~,tVU!`t"Vn s  {5
using standard techniques, The column May be a metal
(stalnlesa teel or  ;p p r} or glass tube of various
lengths, The gas chromatography columns of the
present invention can be used in any  suitable gas
chromatograph. Briefly, during use. of the column an
inert carrier  30 gas passes through the column and
transports the solute from an injection print to a
detector. Hydrogen, helium, and nitrogen are the most
common carrier  gases. The move, lent of the mixture
of compounds along the =column will  depend on their
volatilities - the more volatile a component, the
more time spent  in the gas phase and the faster it
will be swept along. The various components Id  0zi,
mixture will ala o have different aaf 'm tes for tl'
; sta o la-V phase over the rnob le ga;, ip ,,:.se
`rlows, .: hus, for "`Flo tt same  c~ t.la:ie; by t
if edin t and ,~Jlaritie_, tries ra-,es -1 passage,
be  Because volatiUty i an irnpoJant factor In gfas
chromatography", Me of irmi is  gerie,ral 'y'
cntained in an oven, the ternperature of which can Jr
closely and producibly controlled. For very volatile
coYmpoundc, the oven may be  operated at only 30 to
40 C but, for relatively invoathe substance',  10
temperatures of 200 25.0 `,,` may be needed. For G-
analysis, he .'^Ik4`ri i nay be operated at one fixed
temperature (isothermmally) or over a t mperature`
range (temperature programming). i general, the
lor.g-'r a Chi oirin&'Ogr Ci lum the better will be
gepal Ivor, -of  1". mixture talami-,k r4eB 1ts, The
sample to be analysed is commonly injected from a
syringe by Insertion  through a rubber septum an an
Injector, and the entire sample is vaporised  



Immediately and swept d.irec ly into the cc4umn. 20 A
detector monitors the carrier gas stream as it passes
out of the column she  signal produced by a compound
euting from the column Is generally  proportional to
the con=centration or the total amount of compound
resent.  Thermal f ortdu{ctiv ity detectors ( OO) and
the flame ionisation defectors (F.D)  25 are two
common types of detectors. L'e5_i_ptfi ;n of inferred
Embodiments of the Invention The Yanivention will now
he, further described with r=eference to speciffic.
30 e r:bodirrments of the invention. it will be
appreciated, that the invention is net to  be limited
to these Particular embodiments. The inventor's
research on the preparation of new chromatographic
stationary  phases for gas chromatographic
applications have lead to the formulation of ii new
tati ;nary phases o .oe p'esent invention, VVIBvcn
are c Iei MP AK'  colurriris herein. rt i 9) e
5ci"S'1  The. per'errna it e c 'no -se, packed
coli.nns d swi x 5,ic bB !D )a B 5- 7 IC)) have been
tested using a S'HIMViADZU G>. ....[ system. S'"erai
petroleum  h drocarbon standards (gas and liquid'
phase), aliphatic and arcmatii,  hydrocarbons
mixtures, (11`,34) were analysed and tr sted, along
with -elected  petroleum products (LP(-,, LNG, GslPP
._ C3, GP'P - i-C'4 & ri-Cq and  hydrocarbons type of
refrigerant). she analysis results have shown that
the =a new AMPAK series aac..ked columns could
perform successfully on the above  mentioned hydroca
boon standards and samples. Especially notsb Iw the
separation of the butane isomers (L w , & mCC4) with
hi h re. ali ti o r +,n)  betwween pcaks of the
isorners. This high reso utior of the isomeric
components  on AMPAK series packed columns had sr
own;n to be much higher than the. '1 .+ literature
data available to, corri-nercialiv aila'ble
PHay'SepTM .hmC Osorht:,i  



and Fo 3icakt"" co uimns. Molecular ` ve 5A & 1M
sihca ge and, 4 \/r-i ("%) stationary paahs,rs were
also tested at the same crc.. i.lon as the AM: AK
packed cola r",a The re cults  attain -d were comnl
atible with the literature data, ?-9owever, some of
'her'e  tested packing materials showed no sign o
senaf atirig the butane isomer s.  :whilst some of
them showed a little sepairation of the butane
isomeer.s, when  compared to the AMPAK columns and
under the same (column conditions. 2.5 Studies on the
stability, durability and aging of the AMPAK packed
c6lu mr:s  have shown that they are stable during r;
e the analysis by system.  I `urine, investigations
on the performance of the AMPAK packed columns and
retention ti :e correlations with the
corrvT',ercialiv available '.GC data 'or the
analysis: of the liquid LNG sample and other related
petrol'-Lm products it wags 0 found that AMPAK
columns are capable Of performing analyses ire a
single run  (t=1- 34 aliphatic and aromatic mixtures)
on one coiurin. Of course, it is also  possible to
link one AMFAK column to another non-AMPAK packed
column with  '9 or 2 switching valves and an
additional FID detector (besides the TOD  detector)
to detect the low concentrations of C5-C34
components. In the pet w,'ieu'.m P d st9 F, a alysis
o' ~e N.G and v t.Wer .lt ^.rol u~m 3t :,r`t;ed: p
i{2r s.ts  r$,t,1>-lly tm: ke pl `ce y v4S;r1 W: or
`ar { ib urP 6':'k i vi t`+ Vdpt4 t:= _~:v
S~e:E".'SF'B L ' k i !pop I Gas 0 Gas chromatography
was carried t. ut _a{siing; a Sh rrI' C zu Gas C1hror
n t{ograp  mode' SA 2.. TI ,s column oven was fitted
with one stainless steel co, mn that was used as a
'10 refferenc , column and one glass co umn that had
a 1.5km length and 0,5cm  internal diameter and that
was packed with a specific staticnay phase. Gas flow
meal 3CaCt' ents. were e von u cted Laming a
soap-filrn flcwrneter consisting o a calibrated 'IDmi
burette with glass rubber teat on the bottom
containing  15 Iie:$t id soap. The gas was bubbled
through the soap, and after the wails were  



thoroughly wetted the time for given bubble to travel
through the burette was  rr easured by Stopwatch.
Constant flow rates of carrier gas, helrJni to both
.olumdns, o ere maintained by means of a singe
precision pressure  regLE''a':cr and two om oisi; n
is as t flow regulators. -U For any programmer"
temperature chromatography the column oven
temperature was manua3ly carried out. The sample
injection port was maintained at 200t , vvhicch is
higher than tt:e  25 boil ng point of s'anl.Qle
cornporients (C1 C11) aknd for sample components
(>C11).  s lheoret Gaily, the microgram amount
present will evei.tuallt' turn these  Components to
ga . phase. A Thermal Conductivity Detector (TCD) was
tsed to detect ,;. l crated  yu compounds. In a TCD,
thermmaistors are used as sensing elements to
determine  the change in thermal conduction of the
sample stream as opposed to a  reference stream of
pure carrier gas. A differential signal is obtained
by the  change in heat loss halm the element due to
the presence of a sample I'  component in the
C'C71I.dm.n ef`uen The in' -I- i it ~. ," the elv
r4vl IS pr !;. ~..,i`:r3-,s`s.a:'.. to  'die cc a"Bce
o ration o e ZirP',ale in the. detector at he tine.
The r<espoiasre of the lc+'a ,&s, Iot ged niou s E a
S.Hl `1ADZIJ z t 1.\  5 CHROMATOPA'C
programm1Plmab'ie ,(tegr to C1 eco ~".i' ,'.'.C to
optic- ise the resuta  o.tained, 1 ,i I he sts
idards, the m cs_I solvents and yolut ons used 1;" e
as follow :  Specially mixed Hydrocarbons Standard
Gases a 10ixtures I, - "1114 (balance)C p !.6 (20%),
C3H3 (25%), n-C4H100 (25%)1 9. mixtures it - e 114
(balance); C2116 (tIlo) 4 3H3(` 1 %), iv P'a (0%), n-
1 5 C4H 10(2 %) 2. `i--Pentacle, supplied by BDH
Laboratory uplpal es, E4,lanc  n Hexane, supplied Ly
EtCH Laboratory Supplies, England 



4 n-Heptane (fractio,nus), 3upppiied by B DH
Laboratory S uppf es, England.  rjM'#3Lie, supp ied.
b"y lMer k, "GermSian'y. 20 N. Benzene, supplied by
Elulra, 4 SA.. '.  rluene, supplied by J.T.Baker,
LISA.  8. Xyienes, supplied by Merck, Germany. 9.
Nelixture of n--C12, n-C14, n C16, n 0133, n-C`20,
ri-C22, rl-(24, n-C26, n~ 2s, 32,  n- 034, r?-* 36,
dissolved in n-Hexane. 25 1 j Mixture of n-f- 23,
+n(r)C29, E 't=34, r,-C3 dissolved in n I exane.  F
esorcinoi. ~. ~~arCrorn4a:oehy,, jrmald-hyde powder
'. 3.. Sodium icapbona.te. 14. Acetic anhydride. The
stationary phases used were as follows:  15. Packing
Materials  i. Molecular Sieves 13X (size 355-500pm,
ALDRICH SIGMA) 6 4 14 L i1t`(Yi'.s?,nl~ar Sieves A'
i_e 35 4 ` 500pm, $`+.V Dry.M1,..,  V. Silica 'I=el
(125-2 4 f. rn `UK rVlica g l 8'0)  Modmt' d tR:z l n
i (~, ate ~? : (A 1P A,i' s rigs)  16 Helium (Maly si
Oxygen ,id.) 3: -. petr leum product samples used
were a r folioe+Vs'..  1 17, Hydrocarbon type of
refrigerant sample. 1t1 181. `mtluefied Petroleum Gas
(LPG) sample.  19. Liquefied Natural alas ( .NG)
sarnple 20; Natural vas sam ale;. 21. Gas Petroleum;
Products (GPP, rC3 sample 22, Gav Peuoleu' ',Proei
cts (uP'v; i-G4 & it-.e4) =sample.  1s Exammcc!e 2
P1" pra:atio%o ofn"i !ecufa. sieve stationary ?cases 



Commercially avaf9able molecular sieve <eolitGs '(;"
olecular sieve 13.E and  molecular sieve 5A, Stoma
Aldrich) were pellet shaped when p rchaa.s d and in
20 order to obtain th desired particle size, the
sieves were grot,.no to smaller ,,,, c sizes using a
grinding machine (w .T^`.INT lFIK 9"'4rtN l6). T he
ground  stationary phases (particles) were then
sieved through a combination of sieving  ti trays
mesh trays) with the help of "jolting machine". 25
Example 3 _ : ::e caution of AMPAK s ationary phases,
.1 - Preparation of the resin: uus coating material A
1-litre 3-necked round bottom flask was equipped with
a ieflu- condeniser,  stirrer and thermometer. this
flask was added. rr s+ rcinr i :3Q parafornialdehyde
powder (105g), sodium carbonate (5g) anc distilled-
water  (200m1). The reaction mixture was stirred and
heated in an oil bath at 70C for  2hrs. Two layers
formed if stirring was stopped. Sufficient 10%
sufuric acid  was added to reduce the pH to 6-7.
Vacuum was then applied by mans of a  water aspirator
(pressure regulated at about 30-5OmmHg) and the water
was 15 removed ts9 rE:ot the Wo, io' Qtowe j t+_
_hfiCt4 .e_: a a 00.. ~ d R!v `,"  were %w,fki`dr4ovn
ever- 1 rni an jel -rime and T '_C `na,?; i h  8 B
dar'r. br?wnk tl i iSoo Irs .esi!`ous product .was
then fort e Mat ed f;, , lk 5 an '. ,^0. 3,2 -
Preparation of the stationary phase in a 225Us:!
beaker, the silica gel suppoi materia (20g, 125 -2
2pm) was first  treated with acetic anhydride ((.5%,
wlw) and heated at 800 on a hot -Late  i0 with
co=ntinuous mixing for 1 5rnin. Then the viscor
resinous product f orm9 above (as in 3.1) was added
(1;2;5 or 10%, wiw) in a d'ropwise manner with
continuous ,red tind. (150-2000(') and mixing with a
glass rod f 1hr, w hs's  process was continued until
the evolution of fumes and moisture had abated  and
the colour of the material pack changed from white tc
dark-brown slid  



15 product Example 4 ._ Use oo"'4MPAK s `a,ionary
phases The : '`MPAK product from 3,2 was packed into
a ass of sla,'inlecs steel  -lal Diameter, ID)  20
column. Glass type columns of 1.55m (length) x 0,5cm
;!rater and 1.5m (len.g.ih) x 0. 5cm: `D were
constructed by a ,lass blow-Sr,  Alternatively, a
commercial gla_s type column of 2rn (length) x 0 .5cm
OD was  !ssed. 25 he column was packed according to
the following procedure: Car- was exercised when
packing the glass columns tc obtain unifo1r^ni
parking density throughout. Vibrating, zapping,
ibarngi ng, tamping, and  slurry packing procedures
were used. The empty column was weighed (-!.1c)
before packing any stationary  30 phases into the
columns. 9 In packing the column, even packing is
desirable so that the gas flow  does not vary
considerably throughout the column (too much void
volume). A funnel was attached to one open end of the
column by  rubber tubing; the other end was plugged
with glass wool and vacuum 16  was appF ,l at th!s
end. the particulate tatlonar;' Et w e vry,.A, then
i'DO fired into i oe funnel and the column wa^ vb
aced, tapped, or 'ramped  to t btain a evenly f.'a k'
l i.olurnn. 5 The ntewly packed columns were con
dDUone firstly with uc"'um ;,q iie- gas. The a
.tivat!on was .` { ck mpflsheu for molecular s+eve
columns at 2 0C for 10i hours  and for the modified
sudica gel (AdKM AK) a 200; for 6 hours. Then a
;ie:ntle  tow of helium was passed through the
::olunmrn with heating at temperature  programming
2-280C (C/min). 10 Ex agave 5 Gas 9a pie lGiection
Method 



Gas ivt'; syringes were used (25p,1 and 5m1 pro;.id?
by VIiCI Precision  15 Sampling, due) for all gas
sampling procedures. Various volumes of  atmospheric.
a,iq" wEve t"r evted (as the standard and calibration
gas) into the  injection port before injecting any of
the samples, and this step wwass rein ate:9 at  least
three times for reproda c' ble resu s. 22 A sample of
about 1.Opl or any other selected volume of the Hydra
carbon'ss [Cq- r aj Standard Gases Mixtures either I
or li were injected immediately into the  column,
after 'being carefuily taken from a gas tight sample
Hoop port, tar, is to  he connected in two ways. One
is connected to the standard gases mixture  and was
fitted with a pressure gauge, and the other was
connected v ;We 25 eorniT,,,ercal sarripl cylinder
which was fitted with a metal filter Finally, both of
these gas inlets were connected to a three-way valve
sample collection outlet.  I hat i from this loop the
gas was taken for injection to the _GC-TCD via e as
tight syringe. 30 However, it is p-eferired to flush
the syringe with the s rmples gas before  injecting
any of this gas samples to the GC. For any injection
of hydrocarbons (C1-C7) mixtures, a 25p1 lacer-lock
gas tight  syringe was used to withdraw ipi liquid
mixture of n-C5, n-C5 & n-C7 (v/v) ratio 1 7 (W) )
bef r 'o ecvrq the ttanctarA .,asses Mi'tture (
1_-O4) r? r. to sriin:ie.  Nt tlea_"in-i K)op Y a
Fat`+ie t Lte?ui l..~hase a dr rrr,.g r" :J,e`d:res
9-5p0 of ' iSIM r,G;i'U~ zolver;i iFt.~s injected
before any npeection oi' -iydrocarbon  (CU-C36) "`
9,1 4.9es hi was to mark the retention time of
'i-hexane at the  hoseh`'. ? perating cont .bons, i0
Each of the Wed components from the different
chromatograms was r larkexJ,  by, Injectnq a mixture
or n-u12, n-C14, `3-U16, n- u18, n-u20 <22, n u24, r
026, MC28, n-C32, C-C34,  C36 dissolved in n .Hexane;
or injecting  



'15a aCokim as conditions. I FS '!. ra ~ap.:9'-r~,"4
~~3~~;i"s" ,Eoduct for e.isifecti';; a l ce a,,crm
nisi . one or  more .masse dial oI s or e rs .i tE l
Alit .i3t' r itu arw 'a ixtpare of `so~ u@le a:nc  5
4c"n.-Volatfle solve4t a5Sa-'Ibed on a solid
carrier'. wherein h ee c/antag wekih'  atio of
volatile to non atolls) ie solvent is 31 to 1:3. 2. A
product d coidiing mG claim 1, wt.er, :in the
eenitial oll component is  cinnamic aldehyde. product
ac riling to claim 1, wherein the essential rail co
op onenEt is  1 R it narnic alcohol. 4. A. . product
according to cl a.im A , wherein the essential cii co
ponen't is  e.ugenol .. A product accorC,11i"It' to
any t..rece ding claim, wherein the esse tiai (A is
tea fkrce oil. 15 A prod a^t according to any
ciairh^i`s` to W" sc^`'in the aY'r4 tia oil is
"innaf:`+on oil. ?. A product according to any
preceding claim, wherein the oWJ e solvent  alai"ie
i. is a r 8, <' .. prc..duct fa t ordii S to cl 'rim
/. 3,F herein t e alcohol Is i':Cry iE;kpF R`J. 20 J.
A product according to any preceding claim, vvherei,
the ti=::?if-volatile  solvent is water. 10. A
product according to any claims 11-8, where in the
non-volatile solvent  is . glycol. 11. A product
according to claim 10), wherein the glycol is
nrionopropy`lene.  l~.5 glydcol. 't2. A, product
according to aanyr pre 'eding claim, wherein carrier
is a res llekn`  or rigid material, is amorphous
silicon rlioxid or is a nonwoven material  comprising
oeltla ce It t 'n- isnj _)I, 



A product. corcli g to claim 12, wherein the r rn r
ri c rier is a  9 , co ma; ination of cellulose and
polypropylerne. 14. A product according to any of
claims 1 to 11, wherein the carrier is  cardboard.
15. A product according to any of claims 1 to 11,
wherein the carrier s  sintered plastic. 9 16. A
product ac_.ordlr'Irq to any of claims i to -11;
v+lher, r; the c.'.at8 e. is  ,'~" L3,.!: C=CJs
SIrco8. ci!u ice. V. A. p iocr,c': acco din; to
CL:?fll4, wherein th ,' .1 -4fbt': f;8t4. r arri has
one  dimension of at 5 18 A product according to any
claims 1 to It wherein the carder is a self  ad'nesrv
hem or label. 19. A e pour-proYf`Cd'eing formulation
comprlsirq one or more essential oils or essential of
components as defined in any preceding cla'rri, and a
mixture of o'Vati e and non-volatie solve :ts as
defined in any preceding cilalam is a  10 viscous
liquid, wherein.. the ratio of volatile to
non.-voiat'le solvent i :'1 to 1: 3.  20. A
formulation according to "claim 19, wherein the
viscosl y is modified by  a `d hon of silicon
dioxide.. 21. Use of a product or formulation
according to ry pre ed;inng claim, to  san! ise and
deodorise a waste disposal b n. r.. 22. A . waste
disposal tin 'omprisin a product or formulation i x
ording to  any cf claims 1 to 20. 


