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ABSTRACT

Montan wax origins from ancient plant which lead$oag and slow way towards becoming lignite thowsaof
years ago, their composition is very complex. Crodmtan wax is obtained after organic solvent exttom from
lignite, then deresined wax is acquired by coolimg extracted solvent toluene, last refined waledab wax could
be made after a series oxidation process, whichbmansed as basic raw materials for production ofenvaluable
synthetic wax. Montan wax have a wide range ofiagfibns in industry in agriculture, and in forestry. But there
are still some problems,for instance, crude monax has dark colour, which restricted its applicet plenty of
by-product resin increase the production cost. @ithee montan wax's wide range application value @edcrucial
role in the national economy, we should strengttien study of montan wax and find the way to congmeive
utilization. The author has systematically sumnetizhe research progress of the montan wax andyaedlthe
deficiencies and problems in china,in order to shep the montan wax research process.
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INTRODUCTION

Montan wax is natural wax obtained from lignite$iiegh contains pure wax (50-80%), resin (20-40%) bitdmen
(10-20%). Due to its good physical and chemicalpprbes, montan wax is often an ideal substitute tfe
expensive Carnauba Wax. It is widely used in daflgmical industry, wax polish industry, carbon papéustry,
electrical industry, machinery industry and manfeotindustries using wax. Germans were the firsextract
montan wax from lignite in 1897. The United Statdkraine, the Czech Republic have had establishaatan wax
industry successively in 1985 Wolfmeier et al’®! have reported that the annual market demand fotanomax has
reached 25,000 tons in 2005. But, montan wax imgwssarts relatively late and is characterized ak/foundation
and backward research in china. The domestic hegéldlye research on montan wax was during 19809499
Since the 29 century , very few people were involved in theegrsh about montan wax and only a few reports
were made about it.

Fundamental research of montan wax

Montan wax is brown-black solid, non-toxic, tassslehigh melting point. It has good gloss and chahstability,
can be dissolved in many kinds of organic solvewt,be easily saponification and emulsified. Thenmadex to
evaluate the quality of montan wax are melting panid value, easter value, saponification value.
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Table 1 Quality index table of the main domestic montan wax oringin
Origin Sample Melting point ~ Acid value  Easter value  Saponification
(C) (mg KOH/g) (mg KOH/g) value (mg KOH/qg) Colour
Yunnan Crude_ wax 83.2 48 32 80 Dgrk brown
Yuxi Der_esmed wax 85.1 49 49 98 Light browq
Refined wax 81.1 139 49 188 Creamy white
Crude wax 825 44 43 87 Dark brown
Yunnan Xundian Deresined wax 83.4 47 49 96 Light brown
Refined wax 84.6 106 52 158 Light yellow
Crude wax 834 42 44 86 Dark brown
Yunnan Zhaotong Deresined wax 84.2 43 52 95 Light brown
Refined wax 84.1 125 15 140 Creamy white
Heilong- Crude wax 80.5 31 35 65 Dark brown
jaing Deresined wax 81.5 31 37 68 Light brown
Shuangyashan Refined wax 83.4 59 105 164 Creamy white

Montan wax consist of three separated parts: |dr@gncwax alcohols, long chain wax acids and wagresbrmed

by them, the carbon number of which is in the raof€,,-Cs,Baocai LPFlused an anion exchange chromatogram
column and a silica gel column to divide the denason montan wax and its oxidized wax into foarts: the free
acid, ester acids, alcohols, hydrocarbons, andegrdivat the method had ideal performance of tharaéipn by the
infrared spectrum. Baocai Li et‘dlcontinued to use methods such as GC-MS to anahestructure of montan
wax produced in Xundian and Shulan, the resultsveldahat the literature of the past which reganaechtan wax
made from n-alkanes, normal alkane alcohols,wasacourat€®. In fact, Montan waxes extracted from different
lignite differ greatly in their constituents andntent. For example, free acid contained in waxeslipeed in Shulan
mainly comprises of normal monobasic alkane aciblilenfree acid contained in waxes produced in Xandi
contains a lot of substances not the normal morioladisane acit! ,but some others.The alkane component is the
minimum part in the montan wax, and the conterttbér three parts varies widely depending on difiéssources.

Some researchéfswere found that the aliphatic constituents of wweex G4 Cyon-alkanes with high coefficients of
oddness, &-C;g saturated alcohols,;&Cse higher fatty acids and ester. The contributiommdaturated compounds
was found. The structure and formation conditiohsaal are considered. In 2008, L.P. Noskdaaalyzed the
alkaline hydrolysis products of montan wax witharatograph, IR and NMR, the study showed that dewation
wax could be divided into four parts: hydrocarbaaisphols, acids and unsaponifiable esters, whiak w accord
with Baocai Li trial papers in the 1998s

The production of montan wax

Pre-treatment of raw materials

China has the lignite of relatively high moisturentent with an average of about 3895 It's not conducive for
transportation, causes extra cost and influense=cibnomic efficiency. In the view of the charaistérs of domestic
high moisture lignite, drying before utilizationeses particularly important. Domestic literatureowhd that
lignites before being dried was studied as a typenergy fuel used in combustion, pyrolysis andifgadion.
However, as a type of physical resource for montex extraction, there are scarcely any studies alisu
treatment.

Researchers at abroad show flattompared with other factors, the water conteist tha greatest impact on the
amount and rate of extraction in lignite. Evenhiétlignite is dried to a constant weight, whensitréwetted to
contain 20% moisture content, we can still obtdia extraction content, which is the same with thia20%
moisture content lignites. When the moisture ishie range of 10% -20%, it reaches the maximum etitra rate,
then it tends to be stable. If drying almost cortglle about 1% moisture content, the extractioncigfficy of
lignites is the minimum. This phenomenon might kplained by two reasons: first, the lignite contaso many
hydroxyl, carbonyl, carboxyl and carbon-hydrogemd®}? on its surface which causes lignite to form hydroge
bonds and Van Der Waal's Force (VDW) with the rasidwater on its surface. Second, the lignite wfifink
distinctly when the water content is excessively,lavhich results in inadequate pore diameter and riate of
diffusion. When the montan wax's extraction timeailsout 180 minutes, it gets the maximum amount of
extraction.

The drying temperature of lignite has almost noaotpon the extraction of montan wax. Therefore, dhgng
temperature can be increased to reduce the driyireg However, the temperature can not exceedc13&hich will
cause lignite to spontaneously combust. The datashunder the presence of oxygen, the linolenaigatnr™!
occurs at 108 and above, considering the drying process mayectgswax's oxidation, the drying temperature is
better to be controlled at below 105
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Crushed lignite particle size has little impacttba montan wax extraction process. Its size is igdigerequired at
between 0.1 and 3.5mf. Larger particle size will reduce the extractidficeency of montan wax. particles of
smaller size has a larger contact area with sohthatmontan wax extraction efficiency can be immph But when
the size is excessively small, make solid-liquigasation more difficult, and the output of montaaxwcontains
solids residue, and subsequently affect the qualityignite (higher ash content, exceeded benzeselibles).
Therefore, the excessively small sizes of grains bvé screened and dumped. Particle size below®B0@ill be
re-pelletizedt®. Extracting the montan wax under the vacuum caomithas minor advantages, and its value on
industrial application is insignificant.

The above research results provide extremely higliGation value on improving China’s utilizatioffieiencies of
lignite resources and theoretical basis for montax extraction. Zhang Huiféf has studied the optimal
technological conditions for extracting montan waging orthogonal design, extraction temperaturet,90
extraction duration: 1.5h, solid to liquid ratioh:5(g/mL), water content: 14.64% and particle si2&-1.0mm,
which coincide with that achieved by the foreigae@rchers.

Guangzhou H&has conducted a acid and base deashing pretreatemeaving part of the ash contained in the
lignite, and increased the contact area betweemtienic material with the solvent to make an iefice on the
extraction rate and the extraction constituentsuRge showed that, acid treatment can improve xtaetion rate of
montan wax, the stronger polarity of the organilvesat is used, the more obviously the extractice iacreases,
and the amount of micromolecules contained in tlieaetant apparently increases. Results by thdiatkaolution
treatment showed on the contrary, which causeddbgart of constituents in the extractant. As Wekaow, The
crude montan wax of low quality contains a hightean of bitumen, and the ash content is an impogart of the
bitumen in montan wax, when bitumen content of thentan wax is 14%, the ash content is 3.5% -4#%%
Conclusion can be drawn in combination with the vebdhat acid pretreatment can not only improve the
productivity, but also reduce the bitumen conteritriprove montan wax quality.

The production and deresination of montan wax

Compared with other coals, lignite has a low degrfeepalification with a short coal-forming peridthey have rich
pores, high oxygen content and low density, it isve-grade fuel of a high volatile, high moistuesd low calorific
value (14MJ / kg). China has abundant lignite resesiwith an account of about 13% of the natiobal cesources,
which occupies an important position, with a reation of at least 130.3 billion tofi8. So far, the utilization of
lignite is mainly reflected in three directionsiwmt extraction of montan wax, oxidative degragiatf humic acid,
and comprehensive utilization of resin, among whibk montan wax production has the highest indistalue. In
1975-1979, Shulan montan wax factory was estaldighdilin province, besides the Northeast montan factory,
Yunnan Xundian, Yunnan Liaohu, Inner Mongolia Chdealso began to build montan wax factories. In2fie
montan wax factory of Yunnan Yuxi launched its pratibn, the annual output was 5,000 tons montan. Wax
montan wax's quality is currently the most excdllemmpared with domestic congeneric products. Hawethe
disadvantage of domestic lignite is the montan e@xtent is generally low and varies between 2% 3%d which
results in high production cost. Normally, the n@mtwax content is required at 10%(dry badSiéy for its
production to be cost-efficient. Currently the nmamtwax factory of Yunnan Yuxi uses residue coalsagxed of
montan wax to produce humic acid, which greatlyéases the economic benéfit

The montan wax can be extracted through interntitfgat groups) and continuous approaches. The forepiires
simple equipment and small investment, but theuess can not be fully utilized. Currently, thedatis more often
utilized since its continuous operation is good dohieving mechanization and automation. Continuedgactor
includes annular extractor and rotary extractodétoand Novakovsi&7 once compared these two extractors, but
the solvent he used is the benzene which is agtarcinogen and has now been replaced by tolddreefore, it

is not very consultative.

Montan wax and its processed products have becodispensably important chemical products in theonat

economy, especially the refined wax, which is lightored and purer in wax quality. It accordingBshhigher value
in use and more expensive in price. Its demand ratthe market has reached up to 7%The raw material for
refined wax production is not the crude montan wmax,the de-resined wax. The crude montan wax amtasin

and bitumen, which will consume the amount of tk@iaer in the refining process, cause uncontrddidierce

reaction and subsequently result in dark-colordished wax. So resin must be removed before producéfined

wax so as to achieve good bleaching performance.

Although multiple approaches to remove the resia available, none of them are mature enough. Vacuum

distillation by superheated steam will destroy $hreicture of wax molecules and the production istew. So, it is,
from the economic perspective, costly. Freezingilldigon is not able to remove the resin effechivand the
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de-resinated wax produced can not be further pseck$Removing resin with strong oxidizer will degtpure wax
due to oxidization. Besides, the reaction procsesdifficult to control, the decolorization is incphete and the
production rate is low. Moreover, decomposing resintained in the montan wax requires a great aeakidizer
and strong acid, rising production costs and detiogrutilization. The present relatively effectiseethod is using
organic solvent for de-resination under a low terapse condition. In the last century, Beijing C&themistry
Research Institute once used cold benzene to remesi¥* and has significantly improved de-resination wax's
quality, However, many liquid ammonia and cryogesigiipment were used in the production, which waaadily
cause environmental pollution and equipment jammargl therefore failed to realize the industridlama The
former Soviet Union has used 24 kinds of organleesus to study the de-resinatith the results showed that the
de-resination rate of methylene chloride, carbdrathloride, toluene, benzene is high, which wereied out in
the laboratory. Looking for extraction agents ofthiefficiency and low toxicity will be a hot spof the
de-resination technology research in the future.

Currently the industrial de-resination solventaddctoluene, which can remove 20% of the resihamontan wax,
leaving only 2%-5% of resin residual in the de-mesi wa¥®. The principle is that under low temperatures, the
resin in the montan wax may be dissolved in anrdogsolvent, while the wax is insoluble or sparingbluble so
that it can achieve the purpose of the separatidheoresin and the wax. However, the resin israquired to be
completely removed, the resin content of diffeneguirements depends on the usage, for exampkane cases,
the resin is needed to add to the montan wax teeeta better performance.

The oxidization refining and modification of the montan wax

Crude montan wax and de-resined wax, for their daft@r, can only be used in industries which cotxjuests are
not high, However, when they are refined throughdiaation to produce light-colored wax, their scopg
applications will be expanded and the economic esaliil be improved. There are multiple ways of axation
availabl&” The most commonly used method currently is themit acid-sulfuric acid oxidization method, you
can get light-colored wax which has white-yellowisppearance, hard and brittle texture with highl alue.
However, chromium waste-liquid is difficult to deaith, and can only be used for the tanning indiftr This
process requires adding glucose to restore theactm®@ hexavalent chromium, which subsequently tegulhigh
production cost. Therefore, How to effectively solthe chromium-containing waste liquid producednfrthe
production is the key whether it's the favoring elepment of montan wax industry. Indirect electerical
oxidatiod***Yhas solved the problem of Chromic-acid oxidizatigastewater in the process of oxidation bleaching
of Montan Wax. Currently the oxidation process antan wax for the industry is: extracting the momeax with
toluene from lignite, continue removing the resiithvioluene in the crude montan wax, oxidating veitimtomic acid
and sulfuric acid, pickling, water-washing, and rtheecycling and circle utilizif§” .This process can realize
pollution-free refining of montan wax.

The light-colored refined wax is then esterifiedhwalcohol (normally ethylene glycol, butylenes @iy or the
mixture of the two) under certain conditions toabtOP-wax, O-wax, E-wax and KP-wax etc. Among ¢)d3P
wax, O wax's oil absorption and lipophilicity aretter than the expensive carnau wax, which arelyidged in
furniture wax, car wax and polishing wax produdts & wax is more suitable for undertint wax praduehich are
needed for saponification and emulsification, ahdtan be used as the lubricant of the plastics stiguto
manufacture crayons and colored paper, etc. Ther atfodified waxes also greatly broadens the montax of
scope of application.

Application progress

Industry

Montan wax and carnauba wax share many similariti¢beir properties. However, the former’s colsrtdo dark
and has limited its applications. When color is stoictly required, the montan wax can serve akemp substitute
for the carnauba wax. The carnauba wax containgtidrshoe polish, floor wax and car wax can beaesa by
montan wax.

The montan wax contains much higher aliphatic auigher aliphatic ester and alcohol etc. which piewexcellent
advantages, like oil absorbency and color solybiliVhen appropriate amount of montan wax is addeéal the
carbon paper recipe, it can absorb excessive bgtances, help to dissolve pigment and providec#inbon paper
with smooth, uniform surface and is not sticky. Thentan wax is an important raw material in theboarpaper
industry.

Since the montan wax is characterized by low a@tectinductivity and good insulating property, indae coated on

the surface of the electric wires and cables. Maggait can also be used on the fixed porcelainlater and the
binding wires as well as the external layer of thated compensating wires coatings to improve iextat

1233



Baocai Li et al J. Chem. Pharm. Res., 2014, 6(6):1230-1236

insulating property, prevent it from being tackyaxtend its service life.

Researchel¥ used TG-FTIR online to analyze the montan wax et by six different solvent under nitrogen
protection conditions. The results indicate thattdmperature limit of montan wax is 26&o that it could only be
used as polymer precise cast moulding materiakrwihis served as polished wax, the cover of thteraobiles
would not endure chemical change under heat, sbitth@n help to maintain the glossiness. Accordioghe
research conducted by Yu §# putting montan wax into the mold material carrése the solubility of EVA and
polymerized rosin. Besides, the mold material isati, fine and exquisite.

As an excellent road asphalt additive, the polaaitg good emulsifying capability of the montan vessables itself
to improve the bonding strength between the asjiiadter and the masonries. The montan wax canbedsadded
into the rubber to serve as dispersant and lukirican

The approach to add montan wax-bearing mixturestimt concrete and heat the external cured contrééc to
melt the wax mixture, which will then penetrateoithe micro-porous concrete can prevent the watdrsaluble
salt from penetrating and improve the durabilitythef pavement. The montan wax emulsion is alspa ¢f release
agent for concrete members. Spraying it onto tiebgmted metal formwork can prevent the concretdlagattern
from sticking with each other, make mould relesasier and reduce damage to the member surfaces.

Agriculture

AtgabroaéF"] someone used the emulsion of the refined montarawa dispersant in mixture with many other types
of pesticides to spray crops to produce a typaiofrvater-resistant pesticide. Adding the montan eslsion into
the herbicide can improve the efficiency of thebieide. A two-year field experiment showed that thentan wax
emulsion did no harm to the crops.

Forestry

In the protection of timber, people put more andenemphasis on environmental protection, along witme of
environmentally harmful bio-pesticides and othewodi@reservatives being banned or restricted, bbesed wood
preservatives become the prevailing environmemiahdlly preservative in the market, whose majoadiantage is

it can easily run off in a humid environment, whiahits the application of boron-based wood preatves areas
outdoors. Overseas research indicates that thergigtie effect by using the montan wax emulsion dmadon
compounds together will not only improve the stabtion of boron constituents, but also strengshrésistance
against wood-decaying furil. Montan wax emulsion prevents the boron compotirms running off not only by
the hydrophobic effect of wax surface. Microscopiservatiofi® indicates that lignite emulsion can form thin film
inside the cell walls, and this film can not onglaly the diffusion of water and enzyme, but alstuce the run off
of boron substance. Boron substance and montaremadsion's synergistic effect has enough resistagainst

at least two kinds of wood decay fungi, and montax emulsion’s adding can decrease the minimumifung
concentration of the boron substances. The watef@amgent used for wood protection is normally pém&f’. This

is the most important application besides used aslle§®. Montan wax having one of the most important
advantages over paraffin is that it can form a thirer of waterproof filti®, which can both prevent water from
penetrating into the wood and improve the wood-emtiosive capabilitid®***?! Researches showed that montan
wax is more superior to paraffin in terms of woadtpction.

Existing Problems and Deficiencies

Still a lot of people lack adequate awareness abtighites and burn it as an ordinary fuel, whiemotherwise be
used for montan wax production. Its combustion &&kilow and will create pollution. The lignite oesces are
unduly destroyed. The montan wax has extremely kajbe in use and is the resource that both in dtimand
international market are in scarcity and in shatad Its current price is rising and will maintatinis strong
momentum. China needs to strengthen researchets dnasic applications and bring closer cooperalietween
academies and enterprises.

There is no patent aiming solely at de-resinatienhmologies. Some foreign reports once mentioned th
de-resination methods and its patented technoleligh involved methods like vacuum distillation byperheated
steam, freezing distillation, and oxidization byosg oxidizers (eg. $50,, H,SO, + K,Cr,0;, KMnQ,), but none of
them were feasible in terms of the economic coshaustrialization. German owns the industrializkdresination
technology, but it is difficult to obtain due toctenical security and monopoly. In China, there moeproprietary
intellectual property rights available in relatitmthe de-resination wax technology, nor are tlaengindustrialized
production lines or equipment. Somebody once attedthgo remove resin using refrigerated centrifugyati
technology, but finally failed. In his trial prodimn, the product could not flow to the followingfining process
and therefore failed to realize industrializatiblow to produce de-resinated waxes which are suitfslproducing

1234



Baocai Li et al J. Chem. Pharm. Res., 2014, 6(6):1230-1236

refined waxes in an industrialized scale, and @dikre production cost within an acceptable raragmain difficult
for de-resinantion technology.

In China, the production of montan wax mainly faedi®n crude wax, and exquisite product categorsesdd on
its specific applications in the next step is neaeg In German, it is categorized into severaésyaccording to its
applications, like ROMONTA665, which is suitabler fasing as raw material for producing solvent-begri
ornaments and polishes; ROMONTAG6715, which contddvs resin content and relatively higher asphadt,ai
special wax for producing disposable carbon pajeaddition to this, there are still ROMONTA Y typeaxes
dedicated for use in investment castings in German.

In Japan, the montan wax has been registered asdaafiditive applied in fruit handling, becauseah reduce the
rate of water loss in fruif€!. Besides, it also has applications in cosméticdecause it is a natural product and
deemed nontoxic. That is why no research aboutntimémum dosage that can create side effect is aviailat
present, and this is not good for the developméritscapplications in food and drug. More and fertliesearch
about its pharmacological action is urgently expéct

There are no evaluations in terms of resin apptinatalue in medical field. As the by-product dgriproduction of
de-resinated waxes from the crude waxes, the momsanresin was not rationally made use of, and thaslast
product that people expected. However, for eve§03@ns of de-resinated montan waxes producede thir be
around 800 tons montan resin created. In Chinagtisgust one research paper demonstrating tleatetsin can be
used as tackifier in the rubber indu&tfy The montan resin can also be seFarated using amichange resin and
silica gel column chromatography to produce residrocarboné, resinot®®, free resin ac#f! and conjuncted
resin acid”. Researchefé > thought it was of medicinal valwue because opit/cyclic aromatic hydrocarbons
(PAHSs) structure. But according to Baocai Li, resisubstances in the montan resin probably hadhigkest
medicinal value. Baocai P#°%, resinol substances probably had the highest rimedicalue. like oestrone, estradiol,
estriol and other bioactive substances and isedtgrotential medicinal value. If China can mak@®nral use of the
montan resin, this will significantly increase theonomic benefits of the montan wax factory by ingrwaste into
wealth.
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