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ABSTRACT

Montan wax of removed resin of E’'shan from Yunnawipce as the investigation object, L value of theoma as
the main investigation index, environment frientdlgaching techniques of montan wax of removed resre
explored. The bleaching effect of three kinds adation systems, i.e., Peroxide (P), Peracetic d€ld) and P &
Pa was explored, which showed that P & Pa combBystem was better than the single systems of FPandhe
optimization of main process parameters of P & Babined system by using the response surface mdthadto
the optimal conditions: the material ratio of Paebthing stage in the combination-20:1, the materéio of P
bleaching stage in the combination-36.7:1, tim&@jnin, temperature(T)-11815. And under this condition, the L
value of the product was 62.02, which was almossistent with the model prediction.
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INTRODUCTION

Montan wax is a natural product that is obtainemmfrthe young lignite by using the selective extmaciof the
organic solvent, which includes two main parts astan wax of removed resin (RRMW) and montan waité
RRMW oxidation bleaching made of light colored waxthe fundamental way to expand its scope ofieaabn,
enhance product value, and then expand the econbemiefit§). Currently a more mature approach is*Cr
oxidation methot, but the heavy metal chromium is not environméptidendly, and the requirement of the
recycling equipment is highér Therefore, seeking lower-cost environmentallgridly oxidant has been a hot topic
in this field. Peroxide (P) and Peracetic acid @sa)wo excellent environmental oxidizing agentsjehbeen widely
used in bleaching of pulp and fabfi&. This article will use the P and Pa relevant téstsnontan wax and provide
certain theoretical basis for the new environmeenflly oxidation bleaching techniques of RRMW.

EXPERIMENTAL SECTION

The method of oxidation bleaching under the P system.

(1) Each component was weighed and then fully #drntd get oxide additive of P according to theorafi quality
(MgSOyi:NaSIQ: TAED=1:1:1). (2) According to a percentage repntisgy the quality by P, the oxide additive of P
was added to a certain quality score of P solusifiar being fully mixed, and later the P oxidatiouid was
obtained after adjusting the pH. (3) 100g RRMW wéghed into 1000ml three-necked flask and wasdet a
molten state. Then it was stirred continuously eedain temperature and the rate of 150r/min,thed® oxidation
liquid was slowly dropped into the three-neckedKlaccording to a certain mass ratio. Waste liguad discharged
after a certain reaction time, then the deionizedewwas sequentially added and the wax was wash&@0C.
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After the washed fluid was discharged , the prodves dried at 7€. And then it was cooled and can be obtained
after being hot melted at 105

The method of oxidation bleaching under the Pa system.

(1) Each component was weighed and then fully #drtd get oxide additive of Pa according to therat quality
(NayP,O7:EDTA=1:1). (2) According to a percentage represgnthe quality by Pa, the oxide additive of Pa was
added to a certain quality score of Pa solutiom ititly mixed, and later the Pa oxidation liquid smabtained after
adjusting the pH. (3) 100g RRMW was weighed int@Qral three-necked flask and was heated to a melizte.
Then was stirred continuously at a certain tempeeaand the rate of 150r/min, and the Pa oxiddimuid was
slowly dropped into the three-necked flask accaydim a certain mass ratio. Waste liquid was diggbdirafter a
certain reaction time, then the deionized water sexgientially added and the wax was washed at€1@Gter the
washed fluid was discharged , the product was aeg0C. And then it was cooled can be obtained aftel0&atCl
hot melted.

Combination selection experiments of P and Pa combined system.

(1) Method A: With Pa for the initial bleaching,was used to rebleach after the waste liquid had dessharged.
(2) Method B: With P for the initial bleaching, R&as used to rebleach after the waste liquid haah loéscharged.
(3) Method C: With Pa for the initial bleaching,idation system of P was directly used to rebleaghoumt the
discharging of waste liquid. (4) Method D: Pa &hdere directly used to bleach after being mixezbeding to a
certain mass ratio.

Optimization tests of the best combination of P and Pa combined system.

By choosing the best selection of P and Pa combsystem, single factor test on the four factors weasied out,
i.e. P&;.RRMW, P:RRMW, t and T. And then optimizati®st was done by the response surface methoddirogo
to the results of the single factor experiment.

The determination method of chromaticity of montan wax.

The test sample was prepared according to the rezgants of the test, and then relevant operatidnsolor-
difference meter were carried out. Differences leetwvblack and white degree of montan wax were jidgethe
value of L. The Lab system was chosen as the ysstra ( Larger value of L denote more brightness muore
tendence to white ).

RESULTSAND DISCUSSION

Thesinglefactor experiment of oxidation bleaching under the P (or Pa) system.

The chroma of the single factor experiment of otiatableaching under the P (or Pa) system was showig.1.
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Fig.1 The chroma of the single factor experiment of oxidation bleaching under the P (or Pa) system

From Fig.1(1), along with the increasing of P %al&o increased. While P % was 30% of maximum setimd still
presenting a trend of increasing, it was showetlttieaoxidation bleaching ability was proportiot@aP%.

From Fig.1(2), along with the increasing of P:ESRRMRRMW of E’'shan from Yunnan province in China), L
also increased. But when L increased slowly aftBiSRRMW was 55:1, it was indicated that coloredssaiices or
groups which could be oxidized by P were fully ozédl.

From Fig.1(3), along with the increasing of t’, Isaincreased. But when L increased slowly aftevas 50min, it
was indicated that t' increased with the unit cahtaf P decreased and colored substances or gwengsreduced
which could continue to be oxidized.

From Fig.1(4), along with the increasing of POA%filst increased and then decreased. L was maxinvben
POA% was 1.5%, it was indicated that the oxidati@pacity of P enhanced with the increasing of POithin a
certain range. But P was decomposed too fast wekFexceeded the best value and eventually le@toedsing
of the bleaching capacity.

From Fig.1(5), along with the increasing of T’, ikst increased and then decreased. L was maximuem Wwhwas
115107, so it was indicated that the oxidation capacftf? avas proportional to T’ within a certain ran@at P was
decomposed too fast when T’ exceeded the best ealdeventually led to decreasing of the bleachaygcity.

From Fig.1(6), along with the increasing of pH'also increased. But with the increasing of pH’, shponification
reaction became more obvious. Meanwhile, the moteraore intense reaction led to the difficult cohtrent of
the bubbles, thus resulting to the obvious charigheophysical and chemical properties of montar.Wéerefore,
in order to ensure the basic properties of montax, Wigh pH’ value is inappropriate.

From Fig.1(7), along with the increasing of Pa %glto increased. While Pa% was 15% of maximumrgettnd
still presenting a trend of increasing, it was shdwhat the oxidation bleaching ability was projoral to Pa%.

From Fig.1(8), along with the increasing of Pa:ESRR, L also increased. But when L increased slowtgra
Pa:ESRRMW was 55:1, it was indicated that colordzbtances or groups which could be oxidized by & \iully
oxidized.

From Fig.1(9), along with the increasing of t”, Isaincreased. But when L increased slowly aftex&s 30min, it
was indicated that t” increased with the unit caht&f Pa decreased and colored substances or gnerpsreduced
which could continue to be oxidized.

From Fig.1(10), along with the increasing of PaOA%irst increased and then decreased. L was maximwhen
PaOA% was 1.5%, it was indicated that the oxidatieacity of Pa enhanced with the increasing ofA2aithin
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a certain range. But P was decomposed too fast WadA% exceeded the best value and eventuallyded t
decreasing of the bleaching capacity.

From Fig.1(11), along with the increasing of T"fitst increased and then decreased. L was maximbhenw” was

115C, so it was indicated that the oxidation capacftyPa was proportional to T” within a certain rangeit Pa
was decomposed too fast when T” exceeded the ladge \and eventually led to decreasing of the blegch
capacity.

From Fig.1(12), along with the increasing of pH”, dlso increased. But with the increasing of pH"e th
saponification reaction became more obvious. Medewthe more and more intense reaction led todiffecult
controlment of the bubbles, thus resulting to theiaus change of the physical and chemical progeif montan
wax. Therefore, in order to ensure the basic ptaseof montan wax, high pH” value is inappropriate

The experiment of P and Pa oxidation bleaching under better condition.
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Fig.2 The chroma of experiments of P and Pa Fig.3 The chroma of Selection experiments of
combination methods of P& Pa oxidation bleaching under better condition

A better condition of P system was: P%-30%, P:ESRREb:1, POA%-1.5%, t-50min, T-116, pH-5.0; a better

condition of Pa system was: Pa%-15%, Pa:ESRRMW;480min, PaOA%-1.5%, T-1{6, pH-0.65. From Fig.2,
it was showed that Pa’s bleaching effect is bettan that of P, which has something to do with rthere and
stronger oxidation ability peroxide ions that hae produced by Pa.

The condition of P system was: P%-30%, P.ESRRMW:-3@0A%-1.5%, t'-40min, T'-11%, pH’-5.0; The
condition of Pa system was: Pa%-15%, Pa.ESRRMW:;15:20min, PaOA%-1.5%, T"-11%, pH"-0.65. From
Fig.3, the effect of oxidation bleaching can beewas: C>D>A>B.

The reason why Mode C was the best bleaching effegt be related to the following reaction:-PdAc+H,0,
HAc+P—Pa, thus guaranteeing that the effective unit cariéPa was the slowest decayed over time. Intiaahdi
the consumption of Pa was only 1/3 of Pa oxidakiaching under better condition, it was meant thatcost was
reduced in a certain extent.

As the little difference between D and C was cos®d, D may be preferred to simplify the operatbindustrial
production, while C be preferred on the laboratinge.

Optimization tests of oxidation bleaching under mode C.

Though the single factor experiment of oxidatioedahing under mode C. The chroma of optimizatigtstef
oxidation bleaching under mode C was shown in Figslthe two key factors, brightness enhancemedtcast
reduction, were considered, the response surfad@miaption range should be: Pa:ESRRMW-5:1~20:1,

P:ESRRMW-20:1~40:1, T-105~125, t-40~80min.
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Fig.4 The chroma of optimization tests of oxidation bleaching under mode C

The response surface method analysis of oxidation bleaching under mode C.

Levels and factors of the test were shown in Tdbkecording to Box-Benhnken's design principlese Tést of
response surface analysis was designed by thstis@tisoftware Design Expert 8.0.6, and the schantk test
results were shown in Table 2; Variance analysislte were shown in Table 3.

Table1 Factorsand levelsof response surface design

Levels
-1 0 +1
Pa:ESRRMW (A) 5:1 125:1 20:1
P:ESRRMW (B) 20:1 301 401
T (°C) (C) 10& 11& 12t
t(min) (D) 40 60 80

Factors

Table 2 The scheme and test results of response surface design

Trial No. Pa:ESRRMWP:ESRRMWT( ‘C) t(min) L

1 12.5:1 40:1 105 60 44.10
2 12.5:1 40:1 128 60 52.11

3 51 30:1 115 80 48.00
4 51 30:1 125 60 47.30
5 12.5:1 30:1 11£ 60 58.9¢

6 12.5:1 30:1 105 80 44.04
7 12.5:1 30:1 115 60 58.78
8 12.5:1 20:1 128 60 47.5(

9 20:1 40:1 115 60 59.89
10 5:1 40:1 115 60 49.16
11 20:1 30:1 11£ 80 61.5¢

12 20:1 30:1 115 40 55.78
13 12.5:1 40:1 115 80 59.01
14 20:1 30:1 125 60 53.85
15 20:1 30:1 105 60 46.38
16 12.5:1 30:1 125 80 55.78
17 12.5:1 20:1 105 60 43.59
18 5:1 20:1 115 60 46.41
19 12.5:1 30:1 125 40 48.72
20 20:1 20:1 115 60 54.32
21 51 30:1 105 60 39.30
22 12.5:1 40:1 115 40 52.74
23 12.5:1 20:1 115 40 49.23
24 12.5:1 30:1 105 40 42.22
25 12.5:1 20:1 115 80 55.31
26 12.5:1 30:1 11f 60 50.9¢

27 5:1 30:1 115 40 46.87
28 12.5:1 30:1 115 60 58.92
28 12.5:1 30:1 115 60 58.7¢
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Table 3 Resultsof theanalysis of variance regression model of L

Sources  Sumofsquares df Meansquare Fvalue uP valSignificance
model 986.33 14 70.45 13.88 <0.0001 ke
A 249.98 1 249.98 49.26 <0.0001 *x
B 35.54 1 35.54 7.00 0.0192
C 173.51 1 173.51 34.19 < 0.0001 *x
D 66.13 1 66.13 13.03 0.0028
AB 1.9¢ 1 1.9¢ 0.3¢ 0.541¢
AC 0.07 1 0.07 0.014 0.908
AD 5.48 1 5.48 1.08 0.3165
BC 4.2C 1 4.2( 0.8¢ 0.378:
BD 9.03E% 1 9.03E™ 1.78E%  0.967
CD 6.86 1 6.86 1.35 0.2642
A? 46.01 1 46.07 9.0¢ 0.009:
B? 28.61 1 28.61 5.64 0.0324
c? 431.92 1 431.92 85.11  <0.0001 *
D? 12.00 1 12.00 2.36 0.1464
residual 71.04 14 5.07
lack of fit 20.84 10 2.08 0.17 0.9902
pure error 50.21 4 12.55
cor total 1057.37 28

According to the relevant experimental data in €ab] Design Expert software was used for regresaiwlysis,
and then the quadratic multinomial regression moélél, B, C, D was fitted as:

L=57.28+4.56*A+1.72*B+3.80*C+2.35*D+0.70*A*B-0.13*AC+1.17*A*D+1.03*B*C+0.047*B*D+1.31*C*D~
2.67*A%=2.10*B?-8.16*C—1.36*D?

From Table 3, A and C of above models were remaekabhile B and D were not obvious? @as extremely
notable, while A, B?, D? were not significant; All interaction terms weretmotable. That the F value of the model
was 13.88 and the overall model significance levas$ p<0.0001 showed that the model was significEmat R of
the model was 0.9328 indicated that the degred of the regression equation was good and the tddk was

small. Therefore, the real test points can be ogpldby the equation to analyze.The response suplatén Fig.5
was drawn according to the mathematical model.

Within the scope of the above factor values anddénordance with the fitting, the optimum conditionere
determined as follows: Pa.ESRRMW-20:1, P:ESRRMWE34., t-80min, T-118.49; An average value of L of
three times verification testing was 62.02 undés gondition, which was proved better than anyhaf tonditions

previously set. And it was also very close to theabhing effect of the €t oxidation method (An average value of
L was 62.58).
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Fig.5 Response surface graphs
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CONCLUSION

Both P and Pa oxidation system had some bleactifegte@n montan wax of removed resin, but neithiethem
was as good as the combination of P and Pa systedithe bleaching effect of C (Pa-P) in the combtiorasystem
was the best, which was selected as the best way.

Through the response surface analysis of the feurf&ctors in mode C, the optimal conditions detaed within

the optimization range were: Pa:.ESRRMW-20:1, P:EBIRR36.72:1, t-80min, T-118.49. Under this condition,
the L value of the product was 62.02, which wasaathtonsistent with the model prediction, and isva#so very
close to the bleaching effect of the®Coxidation method, therefore, it has potential pexss to replace the Tr
oxidation method.
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