CHAPTER II
THEORY AND LITERATURE REVIEWS

Temperature Rising Elution Fractionation (TREF) has been known as the most

effective method for polyolefin fractiona stich as PE and PP. These polymers are

AFIOLS distribution which affects on

their solubility. Unfortu i back el ‘-.3 e TREF 1is that it is time-

consuming, particularly, 1n 3t 2 1\ © solve this problem, the use of
A\

mixed solvents for crystafl has-Been| attempted. LLDPE resins produced

\ N
commercially from ethyleng arious, Comonomerssuch as 1-butene, 1-hexene and 1-
octene were used in this stud al analysis time depended on the

strength of solvent used in the

Temperature Rising Elu bé':r ionat REF) is the most efficient technique

[4] generally used céﬁmw"“'ﬁm'—:“l F is composed of two

sequential steps as described n Vstallization and elution. In the first

step, the polymer is dissolviedsin a suitable soluént and then put in contact with an inert

support [5]. The%uiﬂigijgrﬂdnjmgn r uj conditions by slowly
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which the golymer coated the mert support while the temperature 1s raised stepwise at an
interval. Recently, there are many research reports that have successfully used the
preparative TREF to determine the short chain branching density of ethylene/a-olefin

copolymers which used the long time in the crystallization step. Since the cooling rate is



2.1 Waxes

Wax [6] usually refers to a substance that is a plastic solid at ambient temperature
and on being subjected to moderately elevated temperatures, becomes a low viscosity
liquid. Because of it plastic nature, wax usually deforms under pressure without the

application of heat. The chemical composition of waxes is complex: they usually contain

a broad variety of molecular weigk '.g,‘ ) ctive functional groups, although
il

some classes of mineral andw ) xeé)osed totally of hydrocarbon

2. Vegetable waxes e.g., candél E; o douglas-fir bark wax, rice bran

3. Mineral waxes e.g., montan Wt okerite and ceresin waxes, and

petroleum wax. = kY ]

4. Synthetic waxes e.g polyethy " Fischer- psch waxes, Chemically

modified hydrocaarﬁ,ﬁ ﬁ, aﬁ ﬁﬁ?’l %ngsf] ﬂ i
IR RN TING T

referred to 48 wax. Substances having typical wax characteristics have traditionally come
from insects, e.g., beeswax; from vegetables, e.g., carnauba. and from animal, e. g,

spermaceti, origins. Waxes from mineral and synthetic Supplies have been developed

both as substitutes for waxes from traditional Supplies and for new applications. Waxes



from minerals and synthetic Supplies now surpass waxes from traditional Supplies in
tonnage and commercial importance.

Waxes|[ 7] obtained from natural Supplies such as vegetables or insects are subject
to weather conditions, which may severely affect the stability of supply and price and, to

a lesser extent, the consistency of the products. Waxes from minerals and synthetic

and price structure.

2.1.1 Insect and animal
Beeswax.

Beeswax has been k ‘ ‘, A - . lly through its use in the
fine arts. Beeswax is secrete the combs in which bees
store their honey. Removing \ b in boiling water harvests

the wax; the melted product is the :’aszﬁ' EE d t akes. The yellow beeswax

cakes can be bleached with oxidizs ;"1- ~.‘-"-".I geswax, a product much favored in

the cosmetic industry. ;:—— f' j

The composmon ﬂ)eeswa varie pending on 1t ographlc origin. The
major components are e: te‘gloﬁ ﬂm ﬁdﬂ:ﬂ ﬁ-ee Cysto Csy
carboxylic acids, ﬂ 11 pi sa melting point of

YT Y T T

D1321), a Viscosity of 1470 mm?/s at 98.9 °C, an acid number of 20, and a saponification

number of 84.

The major use of beeswax is in the cosmetic industry, with smaller amounts used

in pharmaceuticals and candle production.



Spermaceti.

Spermaceti is derived from the head oil of the sperm whale. Owing to the present
status of the sperm whale as an endangered species, however, the material is no longer an
item of commerce and has been replaced by other natural and synthetic waxes.

2.1.2 Vegetable waxes

Carnauba.

The source of carnaub o€ wax-producing stands grow

Brazil. Carnauba wax forms on the

almost exclusively in the s f on of
fronds of the palm, and is re ng thefrondsidrying, and mechanically

removing the wax. Impuriti

\\‘ Oy 0 elting and filtering or
centrifuging. Wide fluctuati ab l\\& caused markets served by
carnauba wax to seek replace e'is w\. per single wax, which
combines all the properties of @ hacsuitabl titutes are available for most

applications.

The major n.-’, S Of carnau Aric land aromatic esters of

long-chain alcohols and aEs, wit afleramounts of free :Ii y acids and alcohols, and
resins. Carnauba ﬁﬁ iﬁiﬂt‘a‘ e%(wog ﬁnﬁt ﬁ °C and only 3 dmm
at 43.3 °C. Carnaﬁa so has one of ?ljer melting points for the natural waxes at 84
, o, ¢ a
TR O Y AN
number of 80.
The hardness and high melting point, when combined with its ability to disperse

pigments such as carbon black, allows Carnauba wax increasing use in the thermal

printing inks. Carnauba is also widely used to gel organic solvents and oils, making the



wax a valuable component of solvent and oil paste formulations. Carnauba polishes to a
high gloss and thus is widely used as a polishing agent for items such as leather, candies,

and pills. Other uses include cosmetics and investment casting applications.

Candelilla.

Candelilla wax is harve§t \ ubs Mexican states of Coahuila and
Chihuahua and, to a very smalldeeree. in the @on of Texas in the United
States. The entire mature p( And imme -:{o oiling water acidified with
sulfuric acid. The wax float : \\x’\-\ major components of
Candelilla wax are hydroc 0 5 m alcohols and acids, long-chain

\

Lypically, Candelilla wax has a
acid number of 14, and

saponification number of 55. ipatmarkets andelilla include cosmetics, foods,

Japan wax. )

Japan waxﬂaﬂ ﬁ ?mﬁﬂwyﬁﬁﬁw native to Japan

and China cultivateg) for its wax. Japan wax is composed of triglycerides, primarily

| L o & g
tripalmitiﬂaw W})ﬂg&ﬂ lﬁ mhﬁ %qq ﬂ EFET aﬁ of 18, and a
saponificatian number of 217. Principal markets include the formulation of candles,
polishes, lubricants, and as an additive to thermoplastic resins. The product has some

food-related applications.



Ouricury wax.

| Ouricury wax is a brown wax obtained from the fronds of a palm tree, which
grows in Brazil. Ouricury is difficult to harvest, as it does not flake off the frond as does
carnauba wax; rather, it must be scraped free. Quricury is sometimes used as a

replacement for carnauba in applications that do not require a light-colored wax.

Rice bran wax. _ : Y _/(4

Rice-bran wax is e can be degummed, the fatty

\\\‘f\’\ he wax 1s primarily composed

%o, and C»2-C36 alcohols (28

acid content reduced by solvg

of esters of lignoceric acid ~48 y

wt %). \
ﬂlu.l
1. Origin
Rice wax is a vegetablefva 0' sXitacted ¢ Bran while extracting rice bran
. . : T . o .
oil. As a by-product at a refiningef#icetran o e bran_it is potentially a treasure
biological wax resourc ast A ne imost important cereal. The
wax has no odor and ‘i! es readily. TS TMPUTitics can be eliminated easily. It has many
applications.

ﬂuﬂfmﬂmwmm
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The main component of rice wax is ester composed of senior fatty acid and senior
mellowness. The range of carbon element is limited, so the fat of this ester is mainly

composed of C2,-Caq, the senior ester is Co4-Csy. DSC (differential scanning calorimeter)
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testing indicates that when the rice wax melts, the peak of each part is very steep.

According to this result, we can conclude that rice wax possesses high crystallinity.

3. Application
(1) Long before people had used rice wax for skin maintenance, coating for furniture

and abacus, and so on.

(2) It 1s firstly used as the raw miat o1 /GosMaeics making. Now the wax is used

more for food wrapping pape gents. Rice wax is also

widely used in the high tec \. ch as biodegradability,

resolvability, agglutinatio . information record

materials and so on

Jojoba.

Jojoba oil is obtaine ofithe jojobe

ba plant grown in semiarid regions

of Costa Rica, Israel, Mexico, and S The oil is made up of ca 80 wt % of

esters of eicos- 1 1-enoic'an

A

en-1-ol, ca 17 wt % of dthe et free alcohols, free acids,
II |' |
i¥

and steroids. Jojoba oil is sed prlmarlly in the formulatlon of cosmetics. Hydrogenated

oo 44 MR o

Castor wax.

bl AIRILBRTNY AN Y, e

point of 86 °C, acid number of 2, saponification number of 179, and an iodine number of

skl |-en- 1-ol, and docos-13-

-

4. Castor wax 1s used primarily in the formulation of cosmetics. Derivatives of castor wax

are used as surfactants and plastics additives.
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Bayberry wax.

Bayberry wax is isolated from the surface of the berry of the bayberry (myrtle)
shrub by boiling the berries in water and skimming the wax from the surface of the water.
The wax 1s green and made up primarily of lauric, myristic, and palmitic acid esters. The

wax has a melting point of 45°C, an acid number of 15, a saponification number of 220,

Montan wax.

Montan wax is deri te. .The earliest production on

a commercial scale was in f the nineteenth century, and
Germany continues to supplythe - oduction of Montan wax.
Montan wax production at Ams ivé €oal-mining operation from a
continuous vein and raw mate 1alis-expe : .decades.

The compositi .:'3 from which it is

extracted, but all contain ymg amou wax, resin, and/a phalt Black Montan wax

may be further prﬁ 'ﬂeﬁﬂ g f 123 \ﬁas refined Montan
wax. White Mont beén ﬁ h alcohols to form esters. The wax

TR I N T -

chain acids $22-26 wt %), and long. chain alcohols, ketones, and hydrocarbons (7-15 wt
%). Crude Montan wax from ~ Germany typically has a melting point of 80°C, an acid
number of 32, and a saponification number of 92.

The largest traditional use for Montan waxes was as a component in on~ time hot-
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melt carbon-paper inks. With the decrease in the use of carbon-paper inks, uses for the
refined grades have become predominant, mainly in the formulation of polishes and as

plastics lubricants.

Peat waxes.

Peat waxes are much like tar ¢ they contain three main
components: a wax fraction, awesiilfracti t fraction. The amount of
asphalt in the total yield is# ¢ 2.501Vent used in the extraction.
Montan waxes contain 50 > o ~ ct peat waxes, and

\"-«
\*1 i ctions. The wax fraction in

\

correspondingly lower per Tes;

1 Vontan wax.
i

peat wax is chemically simi G *\

Ozokerite and ceresin waxes.

Ozokerite wax was a produg : and in the former USSR where it

was mined. True “? otong feommerce, and has been

replaced with blends of pe r oleum-d and mlcr rystallme waxes. These

YT WE?% TS LAie
AT VAP LCATTIE

paraffin wa¥ of very narrow molecular weight distribution or blend of petroleum waxes.

Petroleum waxes.

Waxes derived from petroleum are hydrocarbons of three types: paraffin (clay-
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treated); semi microcrystalline or intermediate; and microcrystalline (clay-treated). Semi-
microcrystalline waxes are not generally marketed as such. Others include acid-treated,
chémically neutralized, and hydro treated; and paraffin and hydrocarbon waxes,
untreated. The quality and quantity of the wax separated from the crude oil depends on

the source of the crude oil and the degree of refining to which it has been subjected prior

to wax separation. Petroleum waxesiar i od 1 massive quantities throughout the
d, to a substantially lesser
degree, microcrystalline .
refine crude oil.

A paraffin wax is wax ¢ cxpally of normal alkanes.
Microcrystalline wax is a pgffo ; 7- 1hing substantial proportions of branched
and cyclic saturated hydroca allalkanes. Semi microcrystalline
an paraffin wax, but less than

wax contains more branched

microcrystalline. A classification-dystein efractive index of the wax and its

congealing point as ; d by ASTN

Table 1. Typical ﬂpertle O

Prope| w
Flash point, closed gt qle(ﬂ L)

! ﬂqﬁ'ﬁ"crystaum .

= ﬂg‘m FNTNER AN TRE
a

Melting ran 46-68 60-93

Refractive index at 98.9°C 1.430-1.433 1.435-1.445

Number average molecular weight 350-420 600-800

Carbon atoms per molecule 20-36 30-75
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Ductility crystallinity of solid wax :Friable to crystalline; Ductile-plastic to tough-brittle
:

i
Value is minimum.

i
i
i

Paraffin wax is macro crystalline, brittle, and is composed of 40-90 wt % normal

alkanes, with the remainder C;g-Css isoa

anes and cycloalkanes. Paraffin wax has little

affinity for oil content: fully refined ‘ o€ ghan 1 wt %; crude scale, 1-2 wt %,

and slack above 2 wt %. With 7 : th&olm of the wax determines the

actual grade, with a range 0 ypical po; perties of petroleum waxes are
listed in Table 1. - \

s'during distillation, as shown
in Table 1. The distillate is - Eimio; il e deégree desired through solvent
extraction. It is then decolori 7 . genationy but percolation through
bauxite 1s also used. Microcry: d etther from the residual fraction of
crude oil distillation or fi om s“oiltank bot deasphalting of the residual

= -

fraction, heavy lubricat, ngo1l 1 ‘ he degree of solvent

,.
extraction is dictated by thg'economics of the lubrication oil fsarket. The filtrate is crude

e TR S T

Percentages of eaclymay vary, but are usually about 40 wt % wax and 60 wt % oil. This
et QAR H RN v
affinity for 311, the oil content of the wax is 1-4 wt %, depending on the grade of the wax.
Unlike paraffin wax, oil is held tightly in the crystal lattice of the microcrystalline wax,
and does not migrate to the surface. The microcrystalline waxes obtained from

petrolatums are generally known as plastic grades, with penetrations greater than 11 dmm
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at 25°C.Crude oil contains high molecular weight fractions, which are soluble at the high
temperatures found in underground formations, but not very soluble at ambient
conditions once the crude oil is produced. These high molecular weight fractions
precipitate onto the walls and floors of storage tanks, and are known as crude oil tank

bottoms. The microcrystalline waxes obtained from crude oil tank bottoms are generally

known as hard grades, mm at 250°C.
Petroleum waxes are 1 étria] applications. Paraffin
waxes are added to rubber d# sofarbunding, eX 0 the surface during curing,

()
Do
which helps protect the rubbe 1 deg fadat \\\fh tino ;;! ozone. Paraffin and other

0 u{ (PVC) as lubricants. Both

waxes can be added to plast g8 egpa ’ vl ch
AN

paraffin and microcrystallingfva ipicontrol the properties of hot-

A

melt adhesives. Dispersions of re'added to ink to improve slip and rub

properties. Petroleum waxes argfusggirmany. pplications such is cosmetics,

polishes, and candles. Unrefined pétrek often used 1n fireplace logs.

]
M

2.1.4 Synthetic waxes ;

Polyethylene waxes. g i
Low molecular wei ‘ti than lﬁomgjgiyﬁe aving wax like
properties are made, iurgsjhi KSEJr pol 1 n or low-pressure (Zeigler-type

) QR AT AT YT

processes yigld products with distinctly different properties. Some polyethylenes have

fairly low density owing to branching that occurs during the polymerization. Molecular
weight distributions, expressed as the weight average molecular weight divided by the

number average molecular weight, or polydispersity, also varies widely among the
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different processes, as does the range of molecular weights available.

Differences among the processes have a major impact on the use of the products.
Products from a partiqular process or manufacturer may dominate one market, while
products from a different process may be preferred in a different application. Major uses

include hot-melt adhesives for applications requiring high temperature performance,

Products used in fo‘(" &q " 7 approvals This regulation
includes a maximum amou luble material With other requirements. The
amount of material extracte : .- nction ot molecular weight and branching
polyethylenes in the 500-12 ; " veiaht range. In addition to molecular weight
requirements, this regulation i £ abs ibance test topverify the suitability of the
product for food applications.

Some by-product P olyethyle Vax ently introduced. The
feedstock for these 1S mixtures o 1:1{ polyethylene fractions

|!
and solvent, generally he e, produced Tn'making polyethy !i!. plastic resin. The

solvent is strippe g EI% ﬁ! ﬁepad as polyethylene
wax. The products qaneral have a wider molecular welght 1stribution than the

polyethylea Wﬁmzﬂ eiem agﬂ %d?r(g %ef] a tE]olerate that

characteristi¢. Some of the by-product polyethylene waxes are distilled under vacuum to
obtain a narrower molecular weight distribution.
Several of the polymerization processes allow different functionality to be added

to the backbone of the polymer, including copolymers of ethene, propene, hexene, vinyl
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acetate, and acrylic acid, with wax-like properties. Copolymers of ethene with other
olefins provide a method of extending the range of properties available. The addition of
other olefins creates a branched polymer, which decreases the melting point and
hardness, while increasing viscosity as compared to a linear polyethylene of the same

molecular weight distribution. Longer branches created through the addition of hexene

pvelumers with vinyl acetate and acrylic

acid provide a method of introdiieine-o @These products may be
further reacted with metal \ : -

In addition to copol ' v ne'siterminated as ketones. Alcohols,

and carboxylic acids with mélecdla feiohitsas high'as 70 Daltons are now available.

The products offer the sameghemiic ﬁ 2 .- as common fatty alcohols and acids,
but are higher melting and hagder, @ he f1 :\ ohols and acids, derivatives such

as ethoxylates, esters, and amides al§o-are-avai 5 higher melting versions of the

fatty derivatives.
Functional -i;.-_‘ ,_f:jT properties obtained by

M . o
x and the chemicaliproperties of an oxidized

product, and one Hﬁﬁﬁngﬂq%’wrg pluﬁqﬁ groups improve

b |
the high molecular weig -i! olyethylene wa

adhesion to polar sabstrates, compatibility with polar materials, and dispersibility into
¢ - s

= R HAITNHAE -

cosmetics, taners, and adhesives.
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Fischer tropsch waxes.

Polyethylene wax production is based on the Fischer-Tropsch synthesis, which is
basically the polymerization of carbon monoxide under high pressure and over special
catalysts to produce hydrocarbons. Distillation is then used to separate the hydrocarbons

into different products, including liquid fuels and waxes with melting points ranging from

Uses are similar to those f( ) xes. il . ot-melt adhesives and

Hydrocarbon waxes ofithefmicro : (AT ol ot ylene, and polyethylene
classes are chemically modified*to ket'heeds. In the vast majority of
cases, the first step is air oxidz ithout catalysts. The product has
an acid number usuall :';\T mber usually no lower

%ax with af D lycarboxyhc acid, e.g.,

maleic, at high te 1‘! a‘[ Aﬂ g W d wax can be further
modified in such E tions @s saponification or esteri 1c§';]on delzed wax is easily
M LLCA I C LR 1 1 s

many coatirlg and polish applications.

than 25. An alternative st 1s the re

Substituted amide waxes.

The product of fatty acid amidation has unique wax like properties. Probably the
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most widely produced material is N,N’distearylethylenediamine, which has a melting
point 140°C, an acid number 7, and a low melt viscosity. Because of its unusually high
melting point and unique functionality, it is used in additive quantities to raise the
apparent melting point of thermoplastic resins and asphalts, as an internal-external
lubricant in the compounding of a variety of thermoplastic resins, and as a processing aid

for elastomers.

Polymerized olefins.

Some polymers of hi vax like properties and are

sold as synthetic waxes. Th highly branched materials,

with broad molecular weigh ofithe'individual products are

Ry
A

highly dependent on the a-ol and po \ 1zation conditions. Melting

points for the products range frg ~40.74/ h'number average molecular

weights 2600-2800, and penetrati m. The unique structure makes

these products very -; ve when used ,;F'ﬁ' odify the properties of

"y
paraffin wax, primarily fo se in candles: products can iicrease the hardness and

opacity of the paraffin ﬁ‘ f Other uses include
mold release for p@ ﬁn jnﬁ Ejltm ﬁmg wax, anﬁaddltlves for leather
e AW ﬁNﬂiﬂJ URIINYAY
2.2 Analytiéal techniques [10]

Most waxes are complex mixtures of molecules with different carbon lengths,

structures and functionality. Attempts to measure the exact chemical composition are

extremely difficult, even for the vegetable waxes, which are based on a relatively few
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number of basic molecules. Products such as oxidized microcrystalline wax not only have
a mixture of hydrocarbon lengths and types as starting materials, but also add complexity
through the introduction of various types of carboxylic functionality onto those
hydrocarbons during the oxidation process.

Because of the difficulty in analysis of chemical composition, most of the routine

test procedures on waxes are for the e physical properties
of the waxes and are used to es within a class. Some
properties, such as acid nu rifi e insight into the chemical

functionality of the product, 3 which contain carboxyl

groups such as vegetable, leasingly, instrumental
methods such as gas chromatdgr: m 28l pe rmeation (also known as size
exclusion) chromatography (GPC ' ). differential scanning
calorimetry (DSC), infrared spetra ‘?’,’ﬁ’ V clear magnetic resonance (NMR)
are being used to further charactesizé rir €D erties such as molecular weight
distribution, degree of -4_— ee F’ tionality can be readily

measured with these technB.les. LIJ

2.2, 1Meu...ganﬂnyaﬂg,n qunjw Ejl]ﬂi
TR IN T

the wax. Drép melting point (ASTM D127) is suitable for amorphous waxes, e.g.,
microcrystallines, but is not reliable for higher viscosity synthetic waxes, for which ring-
and-ball softening point (ASTM D36) should be used. ASTM D87 may evaluate waxes

whose time-temperature cooling curves exhibit plateaus, e. g., paraffin wax. Open or
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closed capillary tubes are used to measure the melting point of many of the natural
waxes. The congealing point (ASTM D938) is the temperature at which a melted wax

ceases to flow, and is more consistent than melting points for some waxes.

2.2.2 Hardness

2.2.3 Color.

AT P

On solidification of a waX and-dépendm Actors such as the rate of cooling,

. T .
the amount of occluded air, and surface fiish," olidified samples of the same

wax may be different. ; 1S Teason, ;‘rﬁ judged only while

. |
Or certain waxes, e.g., carnauba, are based

on the color of theﬁliﬂm vrgﬁwrﬂf}orﬂiﬁght—colored, Le.,
white, waxes 1s d

amber to off-white o ifficult but very important because of the

additionalﬂqu ﬁﬁeﬂﬁﬂﬂiﬁw qﬁm E]e’qva.::&]widely used

color standaftls providing numerical measurement are ASTM D1500, which is used to

b |
molten, although some -;! ercial standard

measure dark-brown to off-white color, and ASTM D156, which is used to measure off-

white to pure white.
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2.2.4 Oil content.

The production of petroleum waxes involves the removal of oil; therefore, the oil
content (actually the percentage of oil and low molecular weight fractions) is one
indication of the quality of the wax. Oil content is determined (ASTM D721) as that

percentage of the wax soluble in methyl ethyl ketone at -31.7 ° C.

2.2.5 Viscosity.

Although traditionall§ Catportance in” \n of vegetable and

insect waxes, viscosity is an j taland Synthetic waxes. One of the

: w\ 0 flow by gravity through an

)

\. iin Saybolt Universal Seconds

most frequently used tests, A irethe time in seconds required
for a specified quantity of wak atla s
orifice of specified dimensio

(SUS) at the temperature of thefest/{The ST uni

FEBl

atic viscosity is mm®/s (=cSt).

2.2.6 Acid number. ;I-_*ﬂ*' —— = ,,E' j

Iligrams o ,', otassium hydroxide
necessary to neutralize o eﬁ?%ﬁjﬁfﬁ ﬁﬁﬁtﬁﬁee carboxylic acid
present. The test 1 (1{ uSed for vegetable and insect waxes, and synthetic waxes
. a e
RN NN AN Y

2.2.7 Saponification number.

The acid number ( '; TM D1386

The saponification number (ASTM D1387) is the milligrams of potassium

hydroxide, which react with one gram of wax under elevated temperatures, and indicates
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the amount of free carboxylic acid plus any ester materials, which may be saponified.
Both the acid number and saponification numbers are generally provided to give an
indication of the free carboxylic acid and ester content of vegetable and insect waxes, and

synthetic waxes containing carboxylic acids and or esters.

heating and cooling rates, tK ed r released is measured.
Curves of heat flow v/s tem _ \ \ aermal characteristics of a
wax, including crystalline trafisi » \

olid-to-liquid, and liquid-to-
pitial and ending

temperatures for heat flow, a joules per gram.

t‘;{ ".-:-J' #

TR0 Tk
2.2.9 Gas chromatography (GE): = =

Gas chromatogr ,;?;fc' ally on the relatively

' T
simple structures of vegetame and insect waxes. Use of the GE for petroleum and

A1 (VL)1 1:8 e

the number of 1 1som@ or each carbon nu er. Improvements n technology have
allowed w‘a w 6?' ﬁ%ﬁ m gjrﬁ m%ﬂ %ﬂ)lﬁj’vhxch can
resolve carbon numbers up to Cigo. Good resolution can be obtained on products with
generally only one type of structure, e.g., paraffins with a high preponderance of primary
alkanes. Products such as microcrystalline wax, which contain several different branched

isomers for each carbon number, plus some cyclic compounds, cannot be completely
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resolved, although useful information can still be obtained.

2.2.10 Gel permeation chromatography (GPC).
The GPC (also known as size exclusion chromatography) is widely used to

measure the molecular weight distribution for synthetic polyethylene waxes. Whereas

products with molecular w( gas chroma aphy The molecular weight
is normally reported using t g€ b veight average, Mw The ratio

of the weight average to the 15¢ 15 knownh 2 polydispersity.

Infrared curves are used#0 ideéntify-the al functionality of waxes.

Petroleum waxes with only hydrecarbonf pw slight differences based on
crystallinity, while vege »;g le'and msect v St ons, carboxylic acids,

I . .
y used in combigation with other analytical

1) Hng
“’ﬁ“m ﬁ“@’ﬁﬂ‘a‘ﬂw‘iﬁ’?@%ﬂﬂ ﬂ“&im

properties suh as amount and type of branching, polymerized ethylene oxide content,

alcohols, and esters. The i n rves are typ

and hydroxyl content. The same techniques are applicable to waxes, and are used for both

characterization and quality control.



	Chapter II Theory and Literature Review
	2.1 Waxes
	2.2 Analytical Techniques


