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| Abstract
Candle wax was produced from pure sachet (polyethylene) through. the
ollected - -

process of recycling. The pure water sachet (polyethylene) which was ¢

dlfy The

wax and then and poured into a mould and allowed to cool in order to soli

slower than the normal paraffin wax base candle which is due to the ratio

paraffm il to polythelene (pure water sachets).

A
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CHAPTER ONE
10 Introdu‘ction
The need for d1vers1ﬁed economy and the need to dlverse attentlon from
_crude 011 based economy have brought about increased 1ndustr1al and agrlcultural’
“act1V1t1es Thus, the menace of improper management of waste from these
| 1ndustr1es and indiscriminate dumpmg of this assocrated waste product
| Th1s pro_]ect is baswally a waste management measure aimed at proper waste
management and wealth creatlon by way of recyclmg, using polyethene waste as a |
k feed stock, The choice of ';polyethene | is practically because of its non-
kbiodegradable nature and the menace of its continuous accumulation in the
environment. sy | 3 , o
The bulk of these ‘Wwaste wh1ch is composed of mamly polyethylene |
(polyethene) and plastlc of all types are produced in greater volume than any other
. solid waste, this can be attnbuted to the fact that dlsposable polyethene bags are
- used in the package of dnnkmg water and other g1ﬁ items.
Due to the mcreasmg menace posed by 1nd1scr1m1nate and improper dlsposal
of these packaged water sachet 1nto the env1ronment th1s prolect seeks to ﬁnd a

[8

k way of puttmg to use these sohd waste by way of converting it to useful product

Fa

(Candle) e
This research is geared towards producing candle wax blend of mamly

polyethene which when produced in commercial quant1ty can meet the requlred

’ standard obtamed from the usual parafﬁn based wax blend




Aims and objectives

The main aim of this proj ect i:s:

*

o To produce candle ﬁ'om candle wax based mamly on polyethene RO |

‘The obJectlves of this prOJect are:

To manage the ‘waste in the environment constituted ’by packaged water

. sachets by way ofrecycling | i

To keep up with sanitary standards, by maintaining a clean and healthy

environment.

x
.

To find out sui"tablefadditives in the production of polyethene based candle

wax blend

- To create wealth from waste | B

1.2 Approach/ Methodology

¥

| The above alms and objectlves will be reahzed through the followmg approach

—Collectlon of waste (packaged water sachets)

-Washmg and drylng to remove d1rt

4Rem0yal of sachet prints

| -Mould preparatlon

« -Addltlon of addmve(s)

-Preparation of polyethene based wax blend

~Molding and candle finishing

\
i s H




CHAPTER TWO
Literature Review
21 Polymer

Polymer is a long chain molecule that is composed of a large number of

= ?repeatmg unit of 1dent1cal structure,

Certam polymer, such as protems cellulose and srlk are found in nature,

‘while many ,others _including, polystyrene, polyethylene and nylon are produced

only by \synthetic routes. -
The birth of polymer sc’i,ence may be traced back to the mid nineteenth
| century in the 1830s;oharles good year developed the vulcanization processk that
, transformed the sticky latex of natural rubber to a'useful elastomer for tire use In
1847 Chnstlan F. Schonbem reacted cellulose with nitric acid to produce celluloid. -
In 1907,Leo Backland producéd Bakelite '(phenol—formal dehyderesin),‘and glyptal
'_,:(uns'aturetedf——po\lyester resin )was developed es. a protectiVe coating resin by
general electr’ic in :1912.‘Bythe 193 (ls,researchers at Du Pont in the united States had

| produced a Vanety of new polymers 1nclud1ng synthetlc rubber and more exot1c |
materlals such as nylon and Teﬂon In 1938 Dow has produced several tons of
polystyrene and in 1939 polyethylene (low- density) was made for the first time
| (Joel Fned ,1979) Today, polymerlc materials are used in nearly all areas of our
daily hfe and their productlon and fabrication are major worldwide mdustnes

2.1. 1 Rheology

| Tl‘llS isa phenomenon of polymer melt. It is he study of the deformatlon and

flow of matter under the influence of an applied stress. In practice rheology is




| prlnc1pally concerned w1th extendmg the classical d1scrplmes of elastlcrty and

- Newtonlan ﬂu1d mechamcs to materrals whose mechamcal behavior cannot be

‘descrlbed wrth the classwal theories. I is also concerned ‘with estabhshrngﬂ |

: predlctlon for mechanical behav1or (on the contmuum mechamcal Sklll) based on

. the micro ¢ or structure of the material, e.g the molecular size d1str1but10n in a solid

. rsuspenswn (http //wrklpedla org/w1k1/rheology) ey |

Rheology writes the seemmgly unrelated fields of plastrcrty and non'

‘ Newtonlan ﬂulds by recognlzmg that both of these types of materlals are unable to

- supporta shear stress ina statlc equlllbnum In this sense a plastlc solid is a ﬂuld

; Granular rheology refers to ‘the continuum mechanical descrlptlon of granular

‘ materlals One of the tasks of rheology is to empirically establlsh the relatlons

. between the fonnatlons and stresses

Rheology has 1mportant apphcatlon /in englneenng, geophysics and

“ physrology In partlcular hermorhelogy, the study of blood ﬂow has enormous'

- medlcal s1gmﬁcance In engmeerlng rheology has had its dommant apphcatlon in

thedevelopment and use of polymerrc materials, (http: //w1k1ped1a org/wrkr/rheology

- 2.1.2 Classification of polymer

All polymers can be d1v1ded 1nto two major groups based on then' thermal

¥

‘ processmg behavror Thermoplastlc are those polymers that can be heat soﬁened in

order to process them 1nto a desrred form Waste thermoplastlc can be recovered

and fabncated by apphcatron of heat and pressure polystyrene is an important




S

! | example of a commerc1al thermoplastlc Other major examples are the polyoleﬁn
e g. (polyethylene and polypropylene) and polyvmyl chlorrde

Thermoset are polymers whOSe indiVidual chains have' been chemically
‘v ‘:lmked by covalent bond durmg polymerrzatlon or by subsequent chemlcal or
:‘, thermal treatments durmg fabncatlon Once formed, this covalently Cross lmked
. thermally stable network resist heat soﬁenmg, creep and solvent attack but can be
thermally processed Such propertles make the thermoset sultable materials for
| composrtes coatmg and adhesive apphcatlons prmcrpal example of thermoset )

; 1nclude epoxyl phenol formal dehyde resins and unsaturated polyesters.

213 Polymer ’s’tructure '
The propertles of polymers are strongly influenced by detalls of the cham‘ ,
| «structure These detalls include the overall chemlcal composition and the sequence

of monomer units i in the case of co polymers the stereochemrstry or tactlhty of the

' chain.
COpolym‘ers |
| Oﬂen itisto obtaln polymers with new derlvable propertles by lmklng two
or three dlfferent monomers or repeatmg units dunng polymenzatlon Polyrners
w1th two dlfferent repeating units in their chalns are called copolymers. The exact :

~ sequence of monomer unit along the chain can vary widely depending upon the

relatlve react1v1ty of each monomer durlng the polymer processing.this hnkages '

are shown below




k»yRandom _k Lol
- LV'VA-A-B-A A-B-A-A-B-B-B-A- A-B-B A
: Alternatmg |

AB- A-B-A-B-A B-A-B-A-B-A- B-AB

leBA-tnblock

A—A A-A B B B- B-B B-B B A- A-A A

| Where A and B are monomers or repeatmg Units durmg polymerlzatlon
: 'Tactlclty

In addition to the type, number and sequential arrangementof monomers,

“along the cham the sprral arrangement of subsistent group is also 1mportant in
determmmé the propertles of a polymer The poss1ble stenc conﬁguratlon of a
,‘ symmetncal mel-polymer cha1n can be best represented by drawmg the chain in

‘1ts extended charn or plalner z1gzag conﬁguratlon (geometrrcal arrangement of

-atoms in the polymer chaln) (Joel Fried 1979)

" ,2.2‘~ ‘Polyethylene
‘Ethylene one of most 1mportant petrochemrcals may be polymerlzed by a varlety
~of techmques to produce products as diverse as low molecular ——welght waxes to
,hlghly crystalllne hlgh molecular—welght polyethylene (HDPE) Polyethylene is
one of the s1mplest polymers from the point of view of 1ts chem1cal structure. .
, Polyethylene is so- d1verse that it is difficult to make a systematlc study of thelr

| phys1cal propertles It is v1rtually 1mpossrble to ﬁnd two samples that are 1dentlcal j

from all pomts of view. Polyethylene or polyethene is a thermoplastlc commodlty |




T heaVilyuSed 1n consumer products (over6OM ‘,tons are produced' yvorld-j yvide every |
£ year) Its name orlglnates from the monomer ethane Also known as ethylene used
to create the polymer polyethylene At room temperature the structure of ,
| ’i’polyethylene is seml-crystalhne Polyethylene is used mainly for packagmg
\: ‘Polyethylene is one of the plastlc whrch is least permeable to water vapor. |
1 :‘Actu‘al»ly, numerous have been found for this product. |

In polymer 1ndust1y, the name is sometlmes shortened to PE, srrmlar to how

: other polymers llke polypropylene and polystyrene are shortened to PP and PS

~respect1vely The etha.ne molecule is connected by double bond thus (Joel .

"Frred 1979)

‘Fig 221

Polyethylene 1s created through polymerlzatlon of ethane It can be
produced through radlcal polymenzatlon anionic polymerlzatlon ion coordmatlon
| polymenzatron or catlomc polymerlzauon This is because ethane does not have |
any sub31stent groups wh1ch mﬂuence the stablhty of the propagatron head of the |

polymer Each of these methods results in a dlﬁ‘erent type of polyethylene.

4




i In addition to copolymeriZation with alpha olefins, ethylene can also be | |

éopolyrnerlzed ‘with wide range of other rmonorners. Common example,sl‘include |

| vinyl acetate(re‘sulting product is ethylene vinyl acetate copOIymer, or EVA‘
‘ Wldelylused in, athletlc shoe sole), and a Varlety of acrylates (apphcatlon 1nclude
fpackmg and spottmg)

Dependmg on the crystallmrty and molecular we1ght melting pomt and glass
,;transmon may or may not be observable The temperature at which thrs occur
varres strongly with the type of polyethylene For common commercral grades of
medlum dens1ty and h1gh dens1ty polyethylene the meltlng pomt is typlcally in
range 120°c 130°c. ‘The meltmg pomt for average commercral low density
polyethylene is typlcally 105°c—l 15%. Most LDDPE and HDPE grades have
"excellent chemleal resrstance and do not dlssolve at room temperature because of
. the crystalhmty Polyethylene (other than cross linked polyethylene) usually can be
~d1ssolved at elevated temperature in aromat1c hydrocarbon (toluene xylene) or
chlonnated solvent (1 e. trlchloroethane and trrchloobenzene)

Polyethylene is classrﬁed into several different categones based mostly on
1ts densrty and branchmg The mechanical property of PE depends s1gmﬁcantly on
vanables such as the extent and type of branchmg, the crystal structure and the

‘molecular welght (Mcgraw-hlll 1982)

‘ Low dens‘ity'polyethylene (LDPE)
Itis deﬁned by densrty range of 0. 919—0 940g/cm LDPE has a hrgh degree

: of short and long cham branching, whrch means that the chains do not pack mto a




‘crystalline structure 'as well. It has therefore, less strong intermolecular ‘fOrces as |

| ‘~1nstantane0us dipole' 1nduced dl-pole attraction 1s less ThlS results in a lower
¢ tensﬂe strength and 1ncreased duct111ty LDPE is created by free ’radlcal

polymerlzatlon The h1gh degrees of branchmg with long chalns give LDPE un1que
~and desnable ﬂow propertles (Joel Frled ,1979).

LDPE’ is unreactive ‘atroom temperatures, ex'cept by‘strong oxidizing agents
and some solvents. It can irvxiithstandtemperature if 80% continuouslyand 95° fora
short time. ‘It is ‘transluCen't or opaque, quite ﬂeXible' and tough to the degree of
o been almost unbreakable‘;' ’It is widely used for manufacturing various containers,

dispensing bottles,:wash,bottles, tubing and various modern laboratory ‘equip'rnent.

 The _rnOSt common household use of LDPE is in plastic bags.

 High density polyethylene (HDPE)

,It',is d‘eﬁned by a density greater or equal to 0.941g/cm’. HDPE has a low degreeof ‘
k, “ branching and‘ thus.Stronger intermolecular forces and tensile strength. HDPE can
. be produc'ed by chromium/silica catalyst, zigler—natta catalyst or metallocene |
. cataly'st (chromium "catalyst or zigler—natta catalyst an‘d’ reaction conditions). The
most common household use of HDPE is in containers for milk, 11qu1d laundry
o detergents e.t.c. HDPE is also w1dely used in the ﬁreworks commumty Recently,ia'
~much research act1v1ty has focused on the nature and dlstrlbutlon of long chain
"branches in nolyethylene. In HDPE a relatively small number of th1s branches

. (perhaps one in hundred or one thousand branches per back bone carbon) can

s1gn1ﬁcantly affect the rheologlcal propertles of the polymer.(Joel Fned ,1979)




| 2".2.1’ Uses of polyethylene

| Po'lyeth}ilene‘ has a huge - variéty ‘o‘f ‘bbth ' do‘meystikc’ | ‘and industrial, QSes;
‘quyethylene héSBeen found to be very useful due to its fo}lowiﬁgprdperties and
i:fé:lct(v‘)rs;: - i
‘ 'IﬁSulation;prOpérfies
Chémical‘ resistanqe
Strength
Flexibility
Non toxic nature-
: | Waterproof .pr'o,’pert‘i‘eys
| Umeactivé‘natpre ‘
ﬁAbility.,td be used in an extremely thin film
'Easebf prd‘duétion aﬁd ‘fairly low production cost
Somé,»‘(r)f thé\lise‘s of pOlyéthylen’e in our world include:
| Mo_l’c’lingk plasticiboftles | k
Lidsand 'caps f
‘ Di’ffelzrfeﬂtf»types of containers
'(Filyms glad w“rap‘ and "vario‘us plastic bag‘sy g

| Cable covering, various pipes and insulating wiré cables.

{




. i 2 3 Candles
Candles are a llght source usually consisting of an mtemal wrck which rises

‘through the center of column of sohd ﬁlel The maJor addltive in the productlon of
. candle isistear‘in. Stearinis r'egarded as fat, that is, the triglyceride stearic acid, CH3
(CH§)1'5C0§H, i.e."the tn stearate ester, of glycerol. It is a White crystalline SOlid ati

4. ,'ordmary temperature and is 1nsoluble in water and very shghtly soluble in alcohol
| It 1s found in many hard fats and oils, e.g., tallow butterfat cottonseed oil and
'olive oil.

Stearm is sold in the form of powdery wh1te crystals. It is usually added to |
| ‘melted parafﬁn wax to make the candle more opaque it makes Whlte candles and
viﬂmprofve the' brightness of “Colored fcandles and burning quality of candles. It
' v,es\sentially: ‘acts pas a hardener for low melt point waxes and lowers the melt ,point of

;\,highert'ernpe’rature wakes -
- Wick is plaited, braided, impregnated with chemic_als. It is manufact_ured 1n

‘veral sizes and the size f the wick chosen is dependent on the s1ze of the mould .

",As arule of thumb candles of 21nches (SOmm) diameter use small wick. Anythmg

1 larger use a large w1ck For candles molded w1thout a W1ck e.g. stacked candles
: us’e Wax-stiffened wick. |

, Pnortothe being ignited, the wick is saturated with the fuel in ts sofid form.
The eatuofjf thei match or other ‘tlame being used to light 'the candleSgﬁrst melts and
i’then:vaporizes a 'small ‘amount,of' fuel. Once Vaporized, the fuel comibines with
| 0xygen in theatmosphere to form a flame. The flame then proyides sufﬁcient heat |

to keep the candle burning via a self sustaining chain of events: the heat of the




flame melts the top of the mass of the SOlld fuel the hqueﬁed fuel is then

'vaponzed to burn w1th1n the candle’s ﬂame
| The burmng of the fuel takes place in several distinct regrons (as ev1denced
' by the various colors that can be seen w1th1n the candle s ﬂame) W1th1n the bluer,
- n ihotter reéio‘ns, hydrogen is being separated from the fuels and burn to water vapor.
, : ‘kThe brighter, yellower part of the ﬂame 1s the remarnmg carbon soot bemg‘
;’., ox1dlzed to form carbon dioxide. As the ‘mass of the solid fuel is melted and
,k c'onsumed, the f.candle grows'ffvshorter: fP'ortions of the wick that'are not evaporating |
the liquid fuel, are ideally COnsumed in the‘ flame, limiting the exposed length of
. wrck and keeplng the temperature and the rate of fuel consumpt1on even.
. Black soot deposrtion (BSD) can be concerned to those who frequently burn
ngandles .indoors,’and .is also referred as ghOsting,scarbon tracking, carbon tracing, |
and dirty houSe,synd‘rome.,‘Soot can be ’pr’oduced when candles do not burn the wax S
fuel c_ompletely. Scented 'candles are Vthe major source ‘of candles soot deposition.
Trimmmg candle wi,cks to one fourth of an inch is recommended to keep ’soot
»p_rodlic:tionat‘ the minimum, A flickering flame will produce r‘nOref soot therefore

P

candles shonld be burned in an‘area free from drafts.

| 2.3. 1 Candle hlstory and development
Candles were developed mdependently in many countries The Egyptrans o

: and Cretans made candles from varlous forms of natural fats, tallow and wax. In

| the I 8" century, 'colzaﬁoil ‘and grape seed oil‘ came into use as a mucljr cheaper
 substitute. l’arafﬁn was distilled in 1830, and revolutionalized candle making, asit

12




: k‘was and lnexpenswe materlal which produced hlgh quality odorless candles that

i

‘bums reasonably cleanly and was used dunng the colonial days The 1ndustry was'
devastated soon aﬁer however by dlstlllatron of kerosene ThlS excellent fuel
. relegated ‘candles to their' current' vstatus as primarily‘ - decorative 1tern

«

(http://en.wikepedia.org/wiki/candle)

232 Uses {of Candles

Prior to the dornestication‘of electricity;" candles were a common source of
B lighting, ‘before and later inladdition to the oil lamp. Due to local availability and
| the cost resOurce's, for several cen_turies up to the 19" century, candles ‘w‘ere more ;
~common in northem Europe and“' olive oil ‘was vcornnion in southern and
Mediterranean sea. Makers of candles were'known’ as ch_andlers,
: Today, fcandles;are usually used Vfor their aesthetic value, 'particularly to.set a
soft warmk and romantrc amblence and emergency hghtmg durlng electncal power
Afallures. Scented candles are common in aromatherapy Small candles are often
placed an birthday cakes, candles are also used in the religious, ceremonies '_of' any
24 Wax
| Wax usually refers to a substancethat is solid at ambient temperature and
that; on:being subjected to\slightly higher temperature, becomes a low viscosity
11qu1d The chemical COmposition of waxes is jcornplex: all 'of-?t the products 'have' 3 :

'relatiy’ely ,'Wideu molecular weight profile, with the functionality ranging from

i




~products, which contain mainly normal alkanes to those, which are mixtures of

o hydrocarbons andreacti;\}e functional species.

241 Classiﬁéation of waxesv o
,""Paraffin wax

Parafﬁn wax is macro crystalhne bnttle and is compound of 40-90 wt % |
| “norm’a'l alkanes with the, remainder c18-c36 isoalkanes and cycloalkanes; _Par_afﬁn
-wax has little afﬁmty for 011 content fully reﬁned parafﬁn has less than 1 wt%
' crude o11 12 wt% and slack 64742—61 61 above 2 wt %. .Wlthm these classes the .
meltmg pomt of the wax determmes the actual grade W1th a range of about 46-

7l°C (http //www_gulurat waxes com/about waxes html)

‘Slack wax

A semi ,reﬁned wax, tédistinguished ﬁom scale waxahy having generally
hlgher 'oil"content. Semi‘-reﬁned slack waxes may have oil content up to:30.mass
;’nercent. Slack kwaxes, ,with oil content below 10 mass percent‘ are ‘used for‘
manufactunng .rel;igious : candle. 'Slack wax is the crude wax pjroduced by 'chillingj |
and solventﬁlternress'ing »was vdikStillate; There are basicallythree tj)pes of slack
waxproduced, the typé depending on the ViScosity of thelube oil being kdewaxe’d:
low l | waked,‘ : ‘mediut(n”  neutral - and heavy < neutral.',
Scalewax ‘

Soft semi-‘re‘ﬁned} wax, distinguished'from slack wax by haVing a generally

ower oil content; rusuallyk derived from slack wax by extracting most of the oil




from the wax. Waxes with oil content up to 3.0 mass percent are generally reefed

 to as gs_cale waxes. %
- ‘Mi,cro'crystallin_e;w‘ax |

Ml crocrystalline waxes differ‘ from reﬁned parafﬁn yvax in that the crystal
Structure, kis .‘more branched and the carbon'chains are lon'ger."These waxes are
. tougher; more ﬂexrble and have higher tensﬂe strength and meltmg pomts They

" f are also ‘more adheswe and they bmd solvent oil, e.t.c, and thus prevent the
; ‘sweating out of composition. Typical content, by Weight is bet_ween 0.5% and 2%.
folyethylene wax '

‘Polyethylene ‘Waxes are ‘rnanufactured from low molecular ,fweight~ high |
| 'den51ty raw matenals des1gned to glve the particular performance characterlstlc
‘ ’k requrred by 1ndustry
PetrOlatum - -

Petrolatum is the wax byproduct of the heavrest lube orl br1ght stock
,Petrolatum wax cons1sts of a natural m1xture of mlcrocrystalhne wax and oil. It has =
good 011 holdlng capac1ty that when ﬁltered and blended it becomes mmeral Jelly
When fully reﬁned it becomes mlcrocrystallme wax.

Whlte oil (Mmeral onl)

Wh1te oll, are, colorless, lodorless, tasteless mixture of parafﬁnic and
anaphthenic hydrocarbons that"s;pan a Viscosity range of 50—370 SUS at 100°F.
| hese nearly chemlcally mert 01ls are v1rtually free of mtrogen sulphur oxygen

and aromatlc hydrocarbons They are common 1ngred1ent in pharmaceutlcals




cosinetics," plastics’,' textiles | and foods.‘ (http://www. gujurat Waxes__com/about
s waxes'.html). _ |
:, B‘ayb'erry wax
Also known as myrtle wax of candle berty Rare and expenswe natural wax
’ denved by b0111ng the bernes of the bu |
sh. The waxy coating of the bemes boﬂs off and ﬂoats to the top to be

“collected ThlS wax has a natural greemsh color and a fresh natural scent. ThlS wax
as a general melts pomt of 116-120 and is hard and brlttle The wax (Myrtle wax)
ijc':onSists of glycerides' of steakr‘ic, palm"tic and myaristic acids, and a small quantity ,
 of oleic acid. 0 é :
Beesyvax

,' B'ee'swax"is al_so ayailable‘ at seyeral candle making supply .companies and ‘
' }eYe’n soine‘loc‘albeel(eepetsk, but is muchfrnore expensive than parfafﬁn.,;BeesWax
ihas/a melt point arOund 146 ‘andkmakes' a high quality candle. Pure beesWax burns
ioﬁger‘, and cleaner w1thm1n1mum dripping and less snloke than candle made with
other waxes. It isa llght to golden yellow wax naturally produced by honey bees,

and 1t has a sl1ghtly sweet honey—hke scent. Oﬁen used in cosmet1cs and candles,

as well as woOd polishes, ’and Various Other applications; If you do not want to use

: ,’straight b_eeswax, you ‘can also add beeswax to your paraffin wax to save some :

~ rnOney and still end up with a b_ettercandle'.
Palm wax
A 100% natural wax derived .ﬁqu palm. It is a hard wax with a high ine,lt

k pomt around 140, and is known to produce crystalline look. It usually comes in
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ﬂake form. Itf can be used straight or as an additive to other natural and "Synthetic

Soybeans yvax ,}
| Soy . wa)res are all natural waxes made from the soybean. They come 1n’
B seVe"ral mallet points for difi'etent ‘applicatio‘ns. These are generallyclean burning ‘i
waxes that produce httle soot. There are low to medrum melt pomt blends from
,120 to 125 for contamer candles and hlgher melt pomts for pillar and votlves =
| Some SOy Wax are pure soy, and some are blended w1th other natural and botanlcal 'y
' orls. These waxes are known‘ to be non—tox1c biodegradable and env1ronmentally
' safe, and longerhurning than paraffin. Advantages are they can fbe safely melted in
the microyvave, the usually Onlyrequire one pour, they clean up with just hot water o
and soap,, and they work Well with both fragrance oil and essential oils.
Recycled wax A
' You can use pieces of o’ld' leﬁover candles and’ recycle them. Just save all
your old taper and ‘pillar‘stubs and piec'es of wax from old jar candlesto remelt and
make into new candles., Or you can brealc _them ‘ 'into’ small pieces; and fill a
4, container, then over pour with clean parafﬁn to make recycled chunl(_candles.
242 Chemical com'p‘()sition’ and Properties of waires ’

= 'l"he fmost”typical chemical constituent of natural waxes as a group are the
‘i_esters:of long —chain fatty alcohols andac1ds Petroleum waxes and certain other .
imi‘neral 'waxes, hoWever c‘onsist of ..hydrocarbons. _Aliphatic or.; open‘ chai‘fn’ :
Structure's with relatively littlefbranching or side chains can be considered typical

’fokr kbothieSte'r' and hydrocarhon waxes. it could be said that the functional'? _element




: - found inWaxeS are ‘carno(n, hydrogén. and znkygen.
o cher cbmpnund thnt cnuld be fdund in waxesrar‘e hydrocarbon, alkyl, esters,
{I’y)ﬁmaryalvcohol," acids, ~ketnn¢s;' aldehyde, secondany nlcoholn, hydenxyl ’ac‘i’ds,‘
kla’é{tone:s, acetols diols, ~ dicarboxylic : acids, > di-ketones, i polyester |
'etc;(mégrawmll,1982). “ ‘
i 243 Wax Application’ a‘lndﬁﬂses
. Bel(;w is 'Short'list;' of thé mnst applicatibné of | waixés, since it is practically |
| if:ip%siblém tnention all vérinns applicatinns a wax can be usek’d’ foﬁrﬂ. |

v

| Tabl-e‘2.4‘ ~ Wax Application and Uses

S/NO. WAX APPLICATION USES

1. Adhesive and Glues | o ': Regulates viscosity, flow

and setting time

'Asphalt and Bitumen i ~ Regulates  density  and

augments longevity

: Can'dles | T N ' Base é:omponent, fuel for

controlled conlbustion




The internal surface coating

el b . prevents the wood from

. . " R

being penetrated by its

e SR ; content

k‘Fvo‘d wrappers - 5 e | Ptévents leakage, prbte(;ts

R N < e from dehydration |




CHAPTER THREE 5 -
‘Materials and Methodology | O

- 34 Apparatus and Materials - L .

-~ Heat source (ﬁJmaCe) s | ’

- Meltingcan | el |
Sl Weighijng;balance‘s’ - | '
L Sl e T Hee B

- Mould |
- Scissors. ' SR |

- Syringe T | : |

£ kWater"-bath‘v’ E . , :

 - - POlyethylené bags h e L f

- - Stearic acid (stearin). i T SR :

- Paraffinoil R

= Thinner » S | | ~
- 'C'ott(m:woolk e ‘

s Wick



~ Experimental procedure

The procedure carried out in order to achieve the objectives are;

Pretreatment

" The polyethylene bags were collected washed and dried to remove dirt
and then sachets prmts removed by gently scrubbing off using thmner and

cotton wool.

322 Mould preparatlon and W|ckmg
lhe mslde ol the mould was made clean A length of W1ck chosen to
sult the mould was cut at least 10cm l.onger'than the length of the mould,the
:Wick threadedlthroughthe hole made in the botto_m of the mould and a
, : sé~cu,r¢' d knot tied. A wick holder Was placed across the top of the mould and
the wick secured to 1t Tt was ensured that the wick wa‘scentered m order for

the candle to burn evenly. The mould was warmed to imprOve‘ the candle

finishing
3.2.3 Preparation of wax (polyethylene wax)

The polyethylene sachet ‘were cut mto smaller p1eces put into a pot
and then subJected to heat. Cutting of the polyethylene into smaller preces
~ was done to increase the surface area and thus increase the rate of reactlon
(melting).
It was heated until it began to melt.

When COympletely molten then it was allowed to cool. About 20g and 5g of

: stea'ricacid ymeasured with the aid of welghinglbalance and 30ml of parafﬁn oil
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measuréd with the aid of a syringe were added to the m’olten\polyethylene.The

“moltén polyéthylené was gradually and géntl};" poured into the moulds and the

w'ic‘:k_held"at central position in order to ensure that the wick“kStay_s‘ait'the center.

After which the moulds and the wei_x is transferred into water bath and thcn

» K

allowed to cool for‘aboyut Smiriutes.The, cahdles which at this point'ar'e/ solid
w‘e‘re’ gr'adually‘ taken Qut_" from the mould. Seam liries ‘vyere‘r'emoved with the

aid of a pair of scissors or razor blade.

. ! g B




40 RESULTS AND DISCUSSION OF RESULTS

L R RESULTS
Tabledl VSR e ) |
o Steari’c acid ‘parafﬁ\n oil : V‘I”ure'wa‘terﬁ Propertie‘s"o’f
(g) o : i ~(ml) o . sachets‘ (bags) ’pro‘duﬁct
Productl 20 30 — 0 " Hard and
\ : L O brittle |
ll&’lr_oduc”tz il 30 20 , - B hard

t

4. 2 Dlscussmn of Result

&

The meltmg of polyethylene and subsequent 1nclusron of addltwes such as

‘. stearin',: parafﬁnoil, produced a.polyethylene based candle wax.

From the product obtarned from the research
e In the course of the experlment it was found that gas evolved as the
lpolyethylene bags were bemg melted As a result the mass of the: polyethylene

fdecreased after melting The observed colour of the product was dark green
‘Parafﬁn oil as an addrtlve to the polyethylene wax, tends to 1mprove the

"ﬂow and pour propertres of the polyethylene wax. Also Varlatron of 1ts amount
could be seen as the major factor determmmg the rate at whrch the polyethylene
candle burns. Accordlng to the results comparrson made between the polyethylene

candles prodvuced shows that the higher the concentratron of parafﬁn oil added the |

faster the burning rate. - - SN ENEIR CE

23




Also; the relationship’ of the wick to the wax type and container or mould

| isizeis important fo‘r: getting a long burning candle. Comparatively, a fatter wick is

used for larger candles or for candles made from long burning wax, like beeswax

or paraffin incorporated with hardening additives.

The molten wax should be free from any form of impurity (such‘as the

sachet prints) in order not to interfere with the wick capillarity or quality of the

.| candle being produced.

i
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. CHAPTERFIVE

5.1 ,-ConcluSioan By

From the reseal’ch carried‘ out and the result obtained ,it has shown
that‘_polyethylene whlch is an inexpensive and readlly _available \ type of
'polymer can be an absolnte substimte fox; the popularly gvand'v‘videly used feed
stock for candle production If thlS abundant resources. found in our
r‘envlronment 1s’ properly harnessed and put to use(m the productlon of
candle) 1t will not only serve as a source of employment but it W1ll go along

way to‘keeping‘ our environment free from waste generated by' polyethylene |

and p01yethylene related product due to it non-biodegtadable nature.

52 Recommendation

Since polyethylene related products are produced in ;greater volume
than‘,k any other plasﬁc and cons’titUte most 'plastic waste,More attention

should be channeled into makmg sure that polyethylene and its assoc1ated
| wastes are properly collected w1th the view to effectlvely transforming or

recycling it into useful product such as candle.

b : : . : : L
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