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Solubility and Phase Diagram for the Quaternary System NaCO3 + Na,SO, +
H,0O, + H,O at 293 K

Hong-kun Zhao,* Cao Tang, Dao-sen Zhang, Wen-lin Xu, Ya-giong Wang, and Pan-ming Jian

College of Chemistry & Chemical Engineering, Yangzhou University, Yagngzhou, Jiangsu, 225002, People’s Republic of China

Solubility data for the N2CO; + NaSO, + H,0, + H,0 system at 293 K were determined by Schreinmaker’s
method. The results were used to construct a phase diagram in the oblique projection accordingriecke Ja
method. At constant temperature, when the hydrogen peroxide concentration is below 50 % (mass fraction), this
diagram includes three invariant points, six double saturated liquid curves, and four crystallization fields
corresponding to N&€03-10H,0, N&S0Oy-10H,0, NaC0O3-1.5H,0,-H,0, and NaSOy-0.5H,0,-H,0.

Introduction The hydrogen peroxide (not containing stabilizers) was pur-
chased from the Jiangsu Yangnong Chemical Group Co. Ltd.,
with a mass fraction of 50 %. A thermostat water bath was used
or controlling measurements at (298 0.1) K. A Rigaku
/max-2400 X-ray diffraction analyzer was used for solid-phase
-ray analysis.

Sodium percarbonate is commonly manufactured by the
reaction of sodium carbonate with hydrogen peroxide and is a
good candidate to replace sodium perborate tetrahydrate an
chlorine bleaching agents, because it has the advantage of great(a)g
solubility, greater active oxygen content, and does not damage . . .
the fabric, and so forth=® Interest in the use of sodium .Procedqre.Schrelnmaker’s wet re5|due.method was used in
percarbonate to replace sodium perborate tetrahydrate anoth!s. experiment. The system to be studied was prepareq by
chlorine bleaching agents in detergents is increasing. Sodium™MIXing amounts qf the four components fo give convenient
sulfate is usually added into the mother solution as a salting- quantities of solu_tl_on and of solid phase after establls_hlng the
out agenf -1 This study on the quaternary system,8&; + eqwhbr;um condition. The cqmponents were tgken in such
NaSQ; + H.0, + H,O has given a basis for sodium proportions _that the composition of the resgl_tlng saturated
percarbonate preparation and was necessary for an assessmeﬁ?luuon fell in th? des_lred portion of the solubility curve. A.”
of the optimum operating parameters for sodium percarbonatem'Xtures were stirred in flasks in a thermostat bath,_ln which
crystallization. There are abundant natrum resources in China.the temperature was controlled at (293 0'1.) K. Fiiteen
which can be used for preparing sodium percarbonate. However,'demIcal samples were prepared and placed into a thermostat,

natrum not only contains sodium carbonate and sodium bicar- 21d chemical titrations were used to analyze the liquid phase

bonate but also contains other soluble salts such as sodiumOf the samplesta h intervals. If the result became constant,

sulfate. As such, the cost of using natrum as a raw material then it indicated that equilibrium was achieved. Results indicated

will decrease considerably. that it took aboti6 h toreach equilibrium. After equilibrium
The solid-liquid phase equilibrium investigations were based }/i\;?rzt%:r?ompllshed, the solid and the liquid were separated by

on the determination of the composition of the solution in I - . .
equilibrium with the solid phase and in salt cocrystallization . The equilibrium liquid phase_ an_d wet residue were dissolved
regions. Those solubility isotherms are commonly presented in in water a}nd analyzed by_ titration. _The_ sodlu_m carbonate
a graphical form as the projection of a plane according to the COncentration was determined by fitration using standard
Jaeck method. The diagram allows for the determination of hydrochlonc ac,'d' The hydrogen P?Tox'de concentration was
the location and size of the salts cocrystallization regions and determ_lned by titration using an acidified so_lut|on W'th. standard
of isothermal invariant points that exist in the system. potassium permanganate. The concentration of sodium sulfate
Experimental results for the system #0Ds + HOp + was dgtgrmlned by tltratlon using an aC|d|f|e.d solution (H
H,0 12-14 NaSOy + HoOp + Ho012 and NaCOs + NSOy 6, avoiding the affection of the ion G&) with a standard

+ H,0'2 have been previously published. No research has been.SOIUt'on of barium chloride in the presence of sodium alizar-

reported on the phase diagram of the quaternary system Na insulfonate as an indicator. Each analysis was repeated three
COs + NaSQ; + H,05 + Hy0. The objective of this research times, and the average value of the three measurements was
is to determine the solubility and construct a phase diagram for considered as the final value of the analysis; the average relative

error of the measurement was estimated to be 0.1 %. In these
the quaternary system RO + N&SQ; + H;0, + H0. studies, X-ray diffraction was also employed to determine

whether the solid phase was pure and the nature of the
Experimental Section compound.

Materials and Apparatus.The mass fraction purities of ] )
sodium carbonate and sodium sulfate are no less than 99.6 %Results and Discussion

*To whom correspondence should be addressed. E-mail: hkzhao@zzu.educn, 1he experimental data for the quaternary systersOxda +
Tel: +(86) 514 7890481. Fax:(86) 514 7975244. NaSO, + H,0, + H,0 at 293 K are presented in Table 1.

10.1021/je0600606 CCC: $30.25 © 2006 American Chemical Society
Published on Web 07/11/2006



1568 Journal of Chemical and Engineering Data, Vol. 51, No. 5,

2006

Table 1. Mass Fraction Solubilities of the Quaternary System Hydrogen Peroxide (1} Sodium Sulfate (2)+ Sodium Carbonate (3)+ Water

(4) at 293 K&
mass fraction Jeeck index/[kg/100 kg of dry salt]
liquid phase liquid phase
100wy 100w, 100wz 100wa S S S S solid phase
EiP1
0.94 1.52 24.26 73.27 3.52 5.70 90.78 274.18 Nio+ A
1.19 3.16 22.41 73.24 4.45 11.81 83.74 273.69 Nio+ A
1.04 4.71 21.15 73.10 3.86 17.51 78.63 271.80 Nio+ A
1.00 5.58 20.43 72.99 3.70 20.66 75.64 270.21 Nio+ A
0.80 7.20 19.07 72.93 2.94 26.61 70.45 269.45 Nio+ A
0.66 8.25 18.34 72.75 2.44 30.28 67.28 266.94 Nio+ A
EoPy
0.41 9.86 17.02 72.72 1.49 36.13 62.38 266.61 Nio+ Sio
PP,
0.99 9.02 17.66 72.33 3.59 32.60 261.40 261.40 Spo+ A
1.16 10.24 17.42 71.17 4.04 35.53 246.89 246.89 Spo+ A
1.20 11.51 16.70 70.60 4.07 39.15 240.10 240.10 S+ A
1.31 14.65 14.23 69.81 4.34 48.53 231.21 231.21 S+ A
1.09 17.45 11.76 69.70 3.59 57.58 230.06 230.06 Spo+ A
1.11 20.39 7.45 71.06 3.82 70.45 245.52 245.52 S+ A
2.18 20.65 5.54 71.62 7.69 72.78 252.42 252.42 S+ A
3.12 20.40 4.00 72.48 11.34 74.13 263.37 263.37 Spo+ A
3.81 20.21 2.74 73.24 14.23 75.52 273.65 273.65 So+ A
PP
5.09 20.07 1.69 73.15 18.95 74.75 6.30 272.44 A+C
7.53 18.34 1.26 72.88 27.75 67.62 4.63 268.71 A+C
8.50 17.60 1.19 72.72 31.15 64.50 4.35 266.58 A+C
12.44 13.76 1.79 72.01 44.45 49.15 6.40 257.21 A+C
13.88 12.32 2.27 71.53 48.74 43.28 7.98 251.20 A+C
16.61 9.69 3.24 70.46 56.24 32.8 10.96 238.52 A+C
EsP2
5.74 23.05 1.29 69.92 19.09 76.63 4.28 232.41 So+C
8.20 25.43 0.61 65.77 23.94 74.28 1.78 192.10 S+ C
4.69 20.95 1.79 72.58 17.09 76.39 6.52 264.71 S+ C
E4Ps3
21.93 6.19 4.87 67.02 66.48 18.76 14.76 203.21 A+ B
20.14 7.05 4.19 68.61 64.18 22.47 13.36 218.62 A+ B
18.71 8.26 3.68 69.34 61.03 26.96 12.01 226.21 A+ B
PsT
19.70 10.49 3.35 66.45 58.74 31.26 10.00 198.10 B+C
Py
0.01 0.12 0.25 99.62 2.31 32.04 65.65 264.71 Nio+ Spo+ A
P2
0.06 0.28 0.03 99.63 16.19 75.81 8.00 273.30 So+A+C
P3
0.26 0.13 0.05 99.56 59.41 29.31 11.28 226.21 A+C+B

2 N1p, NaoCO3:10H,0; A, NapCO;3+1.5H,02-H,0; S10, N&SOy:10H,0; B, N&,CO3:2H,0,°H,0; C, NaS0Oy:0.5H,0,°H,0. w: Mass fraction.S. Jaeck

index/[kg/100 kg of dry salt].

The Jaeck index was calculated from
S, = 100w,/(w,; + w, + wy)
S, = 100w,/(w,; + w, + wy)
S; = 100w,/(w; + w, + wy)
S, = 100w,/(w; + w, + wy)

In these equationsys, w,, w3, andw, represented the mass
concentration of hydrogen peroxide, sodium sulfate, sodium
carbonate, and wate§,, S, S5, and §; represent the “Jeeck
index/[kg/100 kg of dry salt] of hydrogen peroxide, sodium

These curves are defined by a solution saturated with two
salts: curve By, corresponds to the coexistence of the salts
Na,CO3:10H,0O and NaCOs+1.5H,0,°H-0; curve EP; corre-
sponds to the coexistence of the salts®@;-10H,O and Na-
SOy-10H,0; curve RP, corresponds to the coexistence of the
salts NaSOs-10H,O and NaCOs-1.5H,0,-H-0; curve BP3;
corresponds to the coexistence of the saltsS0g0.5H,0,-H,0

and NaCO0s-1.5H,0,°H,0; curve BP, corresponds to the
coexistence of the salts p&0,-10H,O and NaS0Oy-0.5H,0,-
H>0; and curve BP; corresponds to the coexistence of the salts
Nagcoyl.5H202'H20 and NQCQ:,'ZHzoz'HQO.

In Figure 1, the sides HWA'A, A'AN'N, and NNHH'

sulfate, sodium carbonate, and water, respectively. The datacorrespond to the ternary B8O, + H20, + H20, N&SO; +

presented in Table 1 and the data representing theckandex
were used for construction of the solubility diagram of the
studied system.

The phase diagram of the quaternary syste(O@3 + Nap-
SO, + Hy0, + H,O at 293 K is shown in Figures 1 and 2.

N&CO; + H,O and NaCO; + H,0, + H,0 systems at 293
K, respectively (solubilities of the three ternary systems are
given in Table 2). Curves §5, and Ea correspond to the
crystallization line of the salts N80O,-10H,O and NaSO,-
0.5H,0,°H,0 in the ternary Ng8O; + H,O, + H,O system,
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Table 2. Mass Fraction Solubilities of the Ternary Systems N& O3 + H20, + H20, Na;SO4 + H202 + H20, and NaSO, + Na,CO3 + H»0 at

293 K2

mass fraction of liquid phase

NaCOs (1) + H,02 (2) + H20 (3)

NaSOy (1) + H202 (2) + H20 (3)

Na&SO; (1) + NaCOs (2) + H,0 (3)

100W1 100W2 100W3 100W1 100W2 100W3 100W1 100W2 100W3
18.00 0.00 82.00 24.62 60.80 14.58 16.32 0.00 83.68
19.36 0.64 80.00 25.01 59.90 15.09 12.88 5.62 81.50
25.90 1.02 73.08 26.36 56.00 17.64 11.04 14.89 74.07
11.93 231 85.76 26.63 53.60 19.77 9.41 15.29 75.30
5.14 9.30 85.56 26.64 52.60 20.76 0.00 17.70 82.30
6.20 15.11 78.69 25.95 52.40 21.65
6.04 23.83 70.13 25.19 49.08 25.73
7.43 29.94 62.63 24.23 44.99 30.78
7.80 39.27 52.93 23.93 40.10 35.97
8.07 43.06 48.87 23.89 35.51 40.6
7.76 58.00 34.24 24.40 30.09 45.51
25.13 25.45 49.42
26.17 20.88 52.95
28.51 13.38 58.11
28.89 12.07 59.04
25.95 10.78 63.27
21.61 7.32 71.07
19.21 4.82 75.97
15.75 0 84.25

>

300

200+

kg HyO/ 100 kg dry salt

100

Figure 1. Phase diagram of the NaO; + NaSO, + H20, + H20 system
at 293 K. Cosaturated poing ANaCOs3:10H,0 and NaCOs:1.5H,0,+H,0;
cosaturated pointZNaC0O;-10H,0 and NaSQOy-10H,0; cosaturated point
Es, N&SOy+0.5H,0,-H20, NSOy 10H,0; cosaturated point4=Na,COs-
1.5H,0,-H,0 and NaCO;-2H,0,-H,0. Cosaturated point 1P Nap-
SOy 10H,0, NaC03-10H,0, and NaCOs-1.5H,0,-H,0; cosaturated point
P2, NSOy 10H,0, NaCOs3-1.5H:0,°H20, and NaS04-0.5H,0,-H,0;
cosaturated pointd?Na,COsz:2H,0,°H,0, NaCO;5-1.5H,0,°H,0, and Na-
SOy-0.5H,0,-H,0; The fields I, Il, Ill, and IV correspond to the crystal-
lization zone of the salts N@0O;-10H,0, N&SQy-10H,0, N&CO;s+1.5H,0,*
H20, and NaS0Oy-0.5H,0,-H,0, respectively, with the saturated solution.

Es is a cosaturation point with the two solid phases. Similarly,
in the ternary NgCO; + H,0O, + H,O system, curves NE;,
E;ME4, and EC correspond to the crystallization line of the
salts NaCOs3-10H,0, NgCOs-1.5H,0,-H,0, and NaCOs:
2H,0,-H0; E;, E4 are cosaturation points with Ma0Os-10H,0,
Na,COs:1.5H,0,-H-,0O, and NaCOs;:1.5H0,°H,0, NaCOs*
2H,0,°H,0O. The curves M, and RESa correspond to the
crystallization line of NaCO;-10H,O and NaS0,-10H0,
respectively, in the ternary N8O, + NaCOs + H,0 system.
Figure 2 is divided into five crystallization fields. The fields
I, I, I, and IV correspond to the crystallization zone of the
salts NaC0Os-10H,0, N&SOy-10H,0, Ng,CO;3-1.5H,0,-H,0,
and NaS0,-0.5H,0,-H,0, respectively. When the concentration
of hydrogen peroxide increases, sodium sulfate will react with
hydrogen peroxide to produce the adduct,®@-H,0,; the
crystallization field V should include the adductsJS&y-H,0,
and NaCO;-2H,0,-H,0. In addition, the objective of this

100A(s

N

80°4 100 1

Figure 2. Janeck projection of the quaternary p&O; + NaSO, + H,0,

+ H0 system at 293 K. i T, and Tz, the composition point of the salts
NagCQ:,-1.5H202-HZO, NQCO3'2H202'H20, and NQ.SO4'0.5HzOz'H20; S\,

the solubility of NaSOy in water at 293 K; No, NapCO3-10H,0; Ey, B,

Es, E4, P1, P2, Ps, |, 11, 111, and 1V have the same meaning as those described
in Figure 1.

investigation was mainly to determine the crystallization region
of NapCOs-1.5H,0,-H,0 with sodium sulfate as a salt-out agent
and provide a methodology for preparation oE8@s-1.5H,0,:
H>0 using natrum as the raw material.

Points R, P,, and R are three isothermal points. Point P
stands for the solution composition being in equilibrium with
the salts NgCO;-10H,0, NaSOy-10H,0, and NaCOs-1.5H,0,-
H,0; point B stands for the solution composition being in
equilibrium with the salts N&0Oy-10H,0, NaCO3-1.5H,0,-
H>0, and NaSO,-0.5H,0,-H,0; point B stands for the solution
composition being in equilibrium with the salts }GOs-
1.5H202'H20, N@SQ'O.SHQOz'HzO, and NQC@'ZHzoz'Hzo.

In Figure 1, NoE;P1E;, corresponds to the crystallization area
of the salt NaCO;-10H,0; E;ME4P; corresponds to the
crystallization area of the salt M2a0Os-1.5H,0,°H,0; S\EoP1P.E3
corresponds to the crystallization areas of the saSKg
10H,0; EsP,PsT corresponds to the crystallization area of the
salt NaSOy-0.5H,0,-H,0.

Conclusion

In this investigation, solubility data of the WaO; + Na-
SO, + Hy0, + Hy0 system at 293 K were determined by
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Schreinmaker's method with the concentration of hydrogen (4) Karunakaran, C.; Kamalam, R. Kinetic Studies on the Oxidation of
peroxide below 50 % (mass fraction). The phase diagram of fétgtag'ocogu'?fge;‘ﬁ’ﬁg Percarbonate in Acetic AdRkact. Kinet. Catal.
the quaternary system was constructed according to"tiecla (5) Chatani, M. Bactericidal Detergent for Exclusive Use in Drainage
method. At constant temperature, this phase diagram includes ~ * System of Dental Instrument. JP. Patent 10,081,899, March 31, 1998.

three invariant points, six double saturated liquid curves, and (6) Speckmann, H. D.; Poethkow, J.; Heike, S. D.; Middelhauve, B.

four crystallization fields corresponding to @Oz 10H,0, Na- Sleach-containing Washing or Cleaning Agents. WO. Patent 2,004,-
. . . . . 934, July 19, :

SOr10H0, N@C% 1'5_H202 H20, and NaSO; 0'5H,202 H0. (7) Williams, S. F. Machine Dishwashing and Laundry Compositions. U.S.

The crystallization region of I\Jgé:Oyl.SHZOZ_-H;O is greater Patent 6,162,259, December 19, 2000.

than that of the other crystals whenJ$&, exits in the system (8) Muneo, A. Y Hiroshi, D.; Masakazu, F. Bleaching Detergent

Na,COs + H,0, + H,O, meanwhile the crystallization region Composition. JP. Patent 2,002,294,290, October 9, 2002.

of Na,COs+1.5H,0,-H,0 declines with the amount of NaQ;. (9) Zhu, Z. G. A Process for Making Sodium Percarbonate. WO. Patent

- . 2,004,002,885, January 8, 2004.

The solubility dat? and the_phase diagram of _the quatemary (10) Muneno, Y.; Sasaki, H.; Ueda, Y.; Yamamoto, S. Production of

system can provide a basis for the preparation of sodium Sodium Percarbonate Having Excellent Water Solubility. JP.6,024,-

percarbonate. 713, February 1, 1994.

(11) Will, E.; Bierbaumer, G. Preparation of Sodium Percarbonate. U.S.

Patent 4,146,571, March 27, 1979.

. (12) Stephen, H.; Stephen, TSolubility of Inorganic and Organic
We are grateful to the editors and the anonymous referee for CompoundsPergamon: Oxford, U.K., 1979.

their valuable suggestions. (13) Drozdetskii, A. G.; Ostapkevicn, N. N.; Trefilov, P. A.; Alieva, I. A.

Sodium carbonateHydrogen peroxideWater System at 20 Zh.

Neorg. Khim.1983 28, 793-794.
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