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ABSTRACT

An efficient route to manufacture sodium percarlierfay using ethanol as the solventing-out agemésearched.
The process conditions were optimized by meansibiimdex uniform design and multiple regressiontimoe. Two
models to express the effect of factors on actixygen and yield of sodium percarbonate were estaéd,
respectively. The final optimized conditions arefaldows: temperature 2@, reaction time 1h, mole ratio of
H,0,:Na,CO; 1.4, stabilizer molar ratio of sodium silicate: Hytenediaminetetraacetic acid disodium salt 2:1,
amount of stabilizer 1%. IR and XRD identificatidanote that the major component of the preparediyobis
Na,COs-1.5H0,. The photomicrograph indicates a majority of tiained product crystals are club-shaped.
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INTRODUCTION

Sodium percarbonate (SPC) is a benign, water-salaivid crystalline peroxygen compound, which is@néd by
the composition formula N&O;- 1.5H0, or 2NgCOs- 3H,0,. It has a theoretical active oxygen concentratio@)
of 15.28% by weight. Sodium carbonate and hydrqueroxide are released as SPC is dissolved in wateing to
this characteristic, SPC finds widespread appbeoatias disinfector[1], germicidal agent[1], mossl dimerwort
controlling agent[2], oxygen producing agent[3pdxthing agent[3], oxidizing agent[4], and so on.

The preparation methods of SPC, normally emplogimgaction between hydrogen peroxide and sodiubrooate,
are often classified as “dry process” and “wet ps®¢ and the latter is more widely used[3,5] .

Industrial sodium carbonate usually contains metath as Fe, Mn, and Cu, which accelerate the deesitron of

hydrogen peroxide. To restrain the catalytic effaxftthese metals, stabilizing agents are usuattpduced into the
reaction system. According to several publishe@aeshes [5-7], sodium sulphate or sodium chlorglesually

used as salting-out agents to obtain more SPC tihemeaction system, which usually makes the procotain a
guantity of sodium sulphate or sodium chloride.

Ethanol was used as solventing-out agent to ol8BiG@ without contaminated by chloride or sulphatthia work.
This process doesn't involve low temperature regcand separating operations which are usually eyegl in
traditional “wet process”. Multindex uniform desigand multiple regression was use to optimizingcess
conditions.

EXPERIMENTAL SECTION
Materials and Instrumentation

Sodium carbonate, sodium silicate, ethanol, Ettedéaminetetraacetic acid disodium salt and hydrquenoxide
(30 wt%) are of analytical grade. The SPC produast \enalyzed by X-Ray diffraction analyzer (D/MAK- A,
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Kigaku, Japan) and FT-IR (FT-IR1730, Perkin-Elmfemerica).

Preparation of SPC

To a solution of 100 ml hydrogen peroxide solutiargertain quantity of ethanol and stabilizers weatsoduced.
The mixture was stirred until the stabilizers hag dissolved entirely. Then, 16.7g sodium carleonsts added
into the reaction system every 10 minutes untiltitel amount attained to 66.8g. The reaction twas defined as
the time from feeding end to settlement start. Atettling for 1h, the wet SPC product was obtaifredh the
reaction slurry by vacuum filtration and then waied in a vacuum oven at B@inder the pressure of 160 mmHg.
The yield (mass, g) and AO value of SPC are usevatuate the experimental performance. The restitesntative
experiments indicated that the SPC product witth i@ value could be prepared in satisfying avalighiatios of
H,0, and NaCGQ;, under the following conditions: reaction temperat 201; molar ratio of HO,:Na,CGO;, 1.4:1;
stabilizer molar ratio, sodium silicate: Ethylersdinetetraacetic acid disodium sal:1. These factors were fixed
at corresponding levels.

In this work, the 5% uniform table[8] is employed to investigate th@ldwing three factors: (A) amount of
stabilizers (wt %, counted by the mass of sodiurba@ate) , (B) amount of solventing-out agent (rif@) reaction
time (h). The factor and level settings are showmable 1. The experiment conditions and resutidisred in Table
2. The significance tests of regression and fadorgield and AO are evaluated by means of thesE-#ad the final
optimized conditions are determined by regressignagon analysis and multi-index comprehensive w@at&n
method|[8].

Table 1. Experimental factorsand levels

factors
A B/ml | C/h
1% 0 1.5
2% 10 2.5
3% 30 2
1.5% 20 1
2.5% 40 3

levels

(W[N]~

Analysisfor SPC

The AO of SPC was titrated using potassium permaatgastandard solution (with a mass fraction uaagst of
0.2%). The carbonate was determined by sulfurid aolution using phenolphthalein solution as thdidator as
before (with a mass fraction uncertainty of 1.2%).

RESULTSAND DISCUSSION
Preparation of SPC
The uniform design scheme, experimental resultsthadconsequences of regression analysis for wettl AO
indexes are presented in Table 2-4, respectively.

Table 2. Results of Us(5°) uniform experiments

factors yield /g ——

no | A | BRYmI| C@)h ACT% | \aCOs 1% | mole ratio of HO»Na,CO, | UiiZation rate /%

X1 X2 X3 Y1 Y2 H,0; N&CO;
1] 10%) | 2@0)| 4@)| 7516 1409 6808 137 75]0176.60
> 20%) | 4(20)] 3(2)] 8372 1419  67.71 1.39 84]1584.86
3] 3(3%) | 10)| 2(25) 5951 1398 67.70 1.36 8|7 60.31
4 | 4(15%)] 3(30)] 1(1L5] 91.91 1357  68.47 131 848 | 9427
5 | 5(2.5%)] 5(40) | 5(3)| 9433 1250  68.8 121 83(6696.42

The yield of obtained SPC appears to vary markédiyn 59.51 to 94.33g. The data were regressedemtbdel of
yi=at+bix,HhoXothaxs, yi=athxa+theXs, Yi=at+hox2+heXs, yi=athxot byox 2 +bsxzand other forms. At last, the model
in the form of y=a+hx,+ b,x,*+hbsxswas found to be in agreement with the experimentat and every variable
item ( %, %> OF X3) was significant at the at the confidence leveD®9 or 0.95. The amount of stabilizers, that is,
factor A, hasn't significant effect on yield inde€onsidering the production cost, it can be choaeri%. The
regression analysis results are listed in Table 3.
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Table 3. Results of regression on yield index

—

analysis of variance for multiple regression
variance source degree of freedgm sum of squiare n stra@re F §01(3,1) | significance F  Significance tés
regression 3 801.321 267.107 19497 5408 0.0052]7 **
residual error 1 0.0137 0.0137
sum 4 801.335
analysis multiple correlation coefficients
variable coefficient P-value Significance fest
intercept 63.7208 0.003206
X2 1.4430 0.04892 *
X2 -0.01384 0.008643 **
X3 -1.6707 0.02385 *

regression equationl()

y1= 63.7208 + 1.4430Qx 0.01384%- 1.6707%

significance symbol of ** or * is given, respective

Table 4. Results of

regression on AO index

If a regression or a variable is significant aetbonfidence level of 0.99 or 0.95 (that is , @t sfgnificance level of 0.01 or 0.05), the

analysis of variance for multiple regression

variance source  degree of freedam  sum of squiare n stpare F §5(2,2) | significance F  Significance tést
regression 2 1.8198 0.9099 68.46 19.00 0.01440 *
residual error 2 0.02658 0.01329
sum 4 1.8464
analysis multiple correlation coefficients
variable coefficient P-value Significance fest
intercept 13.8794 6.11E-05
X2 0.05631 0.04834 *
X2 -0.00224 0.01836 *

regression equationl()

y2= 13.8794 + 0.05631,x0.00224%

2 If a regression or a variable is significant aethonfidence level of 0.99 or 0.95 (that is , atsfgnificance level of 0.01 or 0.05), the
significance symbol of ** or * is given, respective

The AO value of obtained SPC appears to vary méykeaim 12.52% to 14.19%. The data were fittedhia model

of y,=a+hx;+hoXo+bsXs, Yo=a+thx;+hox,, y2:a+b2x2+b22x22, y2:a+Qx2+b22x22+b3x3 and other forms. Finally, the
model in the form of gFa+Qx2+b22xzzwas proved to be of significance at the confidelewel of 0.95 and all the
variable items (x x,°) were significant at the confidence level of 0.98e amount of stabilizers and reaction time,
that is, factor A and factor C, haven't significaffect on AO index. Considering the productiontctisey can be
chosen as 1% and 1h, respectively. The regresaaysis results are summarized in Table 4.

According to the above analysis, the obtained egus(l) and (I) can be used to predict the yield and AO value,
respectively. It should be noted that the equatimese obtained under above mentioned conditionactien
temperature, 2C; molar ratio of HO,NaCO; 1.4:1; stabilizer molar ratio, sodium silicate:
Ethylenediaminetetraacetic acid disodium salt , 2:According to equation (1), the yield of SPC dieet with the
increase of reaction time, and thus the feasitdetien time can be taken as the lowest value, ithath. Thus,
equation (I) can be simplified as equation (lII) .

y1= 62.0501 + 1.4430Q% 0.01384%° (1)
Lt 1V
142} 1os
140}
138} 190
136 les
134} >
132} 180=
130} {75 @
128+ - >
126 L —0o— active oxygen 470
‘ —e— vyield
124} y 465
122} 160
120 1 1 1 1 1 1 1 1 1
-5 0 5 10 15 20 25 30 35 40 45

amount of ethanol /g

Figure 1. AO and yield ver sus the amount of ethanol according to the obtained regression equations
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According to equations (II) and (ll), the predidtgield and AO values are shown in Figure 1. It barseen that, in
the beginning, the yield of SPC grows with the @a&ge of the ethanol amount, but the increase tiemgbaker
when the amount attains to 30%. The AO value teigatly increase when the amount of ethanol isvstdowever,
the AO value decreases sharply when the amounigieehthan 20%. Based on these analyses, the anodunt
ethanol can be chosen as 30% or a slightly higmeuat.

According to the above analysis, the final optirdizenditions are as follows: temperature’@) reaction time 1h,
mole ratio of HO,:N&CO; 1.4, stabilizer molar ratio of sodium silicate hfgenediaminetetraacetic acid disodium
salt 2:1, amount of stabilizer 1%.

Under the optimized conditions, 92.17g SPC wasinbthwith the AO value of 13.62%. The product wasdifor
micrography, IR and XRD identification.

I dentification of SPC product
It is can be seen from Figure 2, a majority of ot#d SPC crystals appear to be club-shaped.

Figure 2. Photomicrograph of sodium percarbonate product

IR spectra of the sample was investigated in KBiefeand recorded in the range of 450-4008cfrhe absorbed
bands of the sample at 697,715,858 and 144¥ @an be appointed to the O The absorbed bands at 871, 880,
957, 990, 1552, 2345, 2500, 2900 and 3050 @an be appointed to the,®,b. These observed bands are in
agreement with the values of )}&D;- 1.5H0, published by Jones and Griffith[9].

The d values of eight most intense peaks and marishwalue at scattering angle9)af 34.94, 37.09, 32.64,
32.85, 45.72, 26.5F, 23.58, 24.57, and 11.22 are 2.56, 2.42, 2.75, 2.73, 1.98, 3.37, 3.783,3ahd 7.91,
respectively, which are in relative agreement with data reported by PDF card (no 11-656) corredipgnto
Na,COs- 1.5H,0,.

According to the above discussion, the major corepbnf the sample is NaOs- 1.5H0,and a majority of crystals
are club-shaped.
CONCLUSION

An efficient route to manufacture sodium percarhiertgy using ethanol as a solventing-out agent aasté sodium
sulphate or sodium chloride is researched. Thegs®conditions were optimized by means of multindieniform
design. Two models to express the effect of factmrsactive oxygen and yield of sodium percarbonagee
established by multiple nonlinear regression. Timal optimized conditions are as follows: tempara
20 C, reaction time 1h, mole ratio of ,8,,NaCO; 1.4, stabilizer molar ratio of sodium silicate:
Ethylenediaminetetraacetic acid disodium salt arhipunt of stabilizer 1%. IR and XRD identificatidenote that
the major component of the prepared product isCia 1.5H0,. The photomicrograph indicates the obtained
product crystals are club-shaped, in the main.
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