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Solid—Liquid Equilibrium for the Quaternary System of Sodium Carbonate +
Sodium Chloride + Hydrogen Peroxide + Water at 293.15 K

Hong-Kun Zhao,* Cao Tang, Dao-Sen Zhang, Wen-Lin Xu, and Ya-Qiong Wang
College of Chemistry & Chemical Engineering, YangZhou University, Yagngzhou, Jiangsu, 225002, People’s Republic of China

In this investigation, solietliquid equilibrium for the quaternary system sodium carbonatsodium chloride

+ hydrogen peroxidet water was studied at a temperature of 293.15 K using the moist solid method. Four
solid phases were formed in the quaternary system that correspond ,@ON&0H,O, NaCl, NaCO;-
1.5H,0,-H,0, and NaCOs;-2H,0,-H,0. The solubility fields of four solid phases were observed from the phase
diagram. Results indicate that the crystallization field ob0@;-1.5H,0,-H,0 is very large, the solubility of

sodium percarbonate decreases with the increasing of sodium chloride content, and the product of sodium
percarbonate can reach a high level. The solubility data and the quaternary phase diagram can provide the
fundamental basis for the preparation of sodium percarbonate and optimize the preparing “wet process” and
especially can serve as a guide for the preparation of sodium percarbonate with sodium chloride as the salting-out
agent.

Introduction Although the ternary diagrams of the subsystemsQ@s +
. . .. . NaCl+ H20,28 NaCOs + HO, + H20,28_3l and NaCH- H,0,
Sodium carbonate forms a crystalline addition compound with + H,0% have been investigated, no studies have been reported

hydrogen peroxide, corresponding to the formula,C@s- on the : g

. 8 phase diagram of the quaternary system. It is important
1.5H2%)_2(sod|um cegbonateAple;]hydrﬁte)hand IS qgmmonly krf\own to investigate the phase diagram for designing and optimizing
as sodium percar oni\te. though it 67‘5 a wide range ol usesy,q procedure of sodium percarbonate. The objective of this
employing its oxidarit™ and disinfectarit” qualities, currently research is to investigate and generate the phase diagrams of

Its mg_sltAW|despread use is as a bleach in washing Compos_"quaternary system at 293.15 K by the moist solid method.
tions8~14 especially the compact and super-compact composi-

tions that havg bgen promoted by thg .detergent industry SinceExperimental Section

the 1980s; or in dishwashing compositidfist’ or as a bleach ) _ o
additive®-20 As compared with a so-called chlorine bleaching ~ Materials. The hydrogen peroxide used (not containing
agent, sodium percarbonate is slightly inferior in its bleaching Stabilizers) was produced by Jiangsu Yangnong Chemical Group
effect. However, sodium percarbonate acts more gently, for Co. LTD, with a mass fraction of 75 %. The other chemicals,
example, on cloth, thereby not causing damage to the fibers.Sodium carbonate (purity of 99.98 %) and sodium chloride
Furthermore, sodium percarbonate does not produce a poisonou§PUrity of 99.97 %), were of reagent quality. The water used to
gas such as chlorine. In the move to formulate “greener” Prepare solutions was twice distilled water (conductivitys
products, the use of sodium percarbonate to replace chlorine agS/cm).

a bleaching agent in or with detergent composition is becoming ~ Procedure. All measurement was made at 293.15 K. A
increasingly prevalent, especially in zeolite-containing detergent known mass of sodium carbonate and sodium chloride was
compositions. Thus, the compound has many potential applica-added into a conical flask with different mass fraction from 0

tions as a peroxygen source when dissolved in an aqueoud0 75 % of hydrogen peroxide. Fifteen flasks containing the
medium. same mixture with the same proportion of composition were

Sodium percarbonate can be produced by a variety of procesgPlaced in a bath controlled at a constant temperature. A 5.0 mL
routes, normally employing a reaction between hydrogen sample of the clarified solution was taken from the liquid phase

peroxide and a source of sodium carbonate. In some variations Of €ach conical flask with a pipet at regular intervals and diluted
often called collectively “wet processes”, the sodium percar- © 90 ML of solution in a volumetric flask filled with twice

bonate crystallizes out of solution. During some reactions, distilled water. If the results of chemical analysis in the bottle
sodium chloride is added as the salting-out agent in order to P&come constant, it indicated that equilibrium was achieved.

decrease the composition of sodium carbonate present in the@enerally, it took aboué h to reach equilibrium. After the

mother solution as a further consequence enables greater produc@auilibrium was accomplished, the solid and the liquid were
tion to be obtained from a reactor of a given & The use ~ Separated by filtration and analyzed. This procedure was
of a salting-out agent is a common practice in wet processes, €P€ated with the ratio of sodium carbonate and sodium chloride

in view of the significant advantages. It is well-known that the Varied. . . o

production of sodium percarbonate is based on the phase dia- Analysis.The sodium carbonate was determined by titrating

gram of the quaternary system #¢0; + NaCl+ H,0; + H,0. with standard hydrochloric acid. The hydrogen peroxide con-
centration was determined by titrating the acidified solution with

*To whom correspondence should be addressed. E-mail: hkzhao@zzu.edu crStandard potassium permanganate. The sodium chloride con-
Tel: +86 514 7890481. Fax:+86 514 7975244, centration was determined by titrating with a standard solution
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Table 1. Mass Fraction Solubilities of the Quaternary System Sodium Carbonate (1)} Sodium Chloride (2) + Hydrogen Peroxide (3)+ Water
(4) at 293 K2

mass fraction Jeeck neck index/[kg/100 kg of dry salt]
liquid phase moist solid phase liquid phase solid phase solid
100w; 100w, 100ws 100w; 2100w; 2100w, 100ws 100w; H,O, NaCl NaC0; HO HxO, NaCl NaC0; HO phase
EiP1

0.99 117 2333 7451 5.33 111 40.39 53.17 388 460 9152 29230 11.37 2.38 86.25 11352A N
0.92 3.09 20.86 75.13 5.40 3.01 3968 5191 371 1241 83.88 302.12 11.23 6.25 8252 10%#96A N
0.82 5.04 19.05 75.09 7.71 426 3950 4853 331 2023 76.46 301.32 1498 8.27 76.75 9463A N
0.89 6.50 18.02 74.59 7.38 6.66 40.49 4547 352 2559 70.89 29345 1354 1221 74.25 8340A N
0.80 8.39 17.23 73.58 9.59 8.38 4241 39.62 3.01 31.77 6522 27855 15.87 13.88 70.21 6.57A N
059 10.78 16.76 71.87 9.65 12.00 4249 3586 209 3832 5959 255.62 15.04 18.71 66.25 5%91A N
0.60 13.13 16.33 69.94 7.86 16.89 41.72 3353 2.00 43.68 54.32 232.69 11.82 2541 62.76 5044 N
0.41 1414 16.09 69.36 8.55 2041 4241 28.63 134 46.14 5252 226.34 11.98 28.60 59.42 4Q011A N

EPy
0.25 17.87 16.04 65.84 8.80 23.15 43.68 24.37 0.74 5231 46.95 192.76 11.64 30.61 57.75 33.20A N

PP,
0.71 17.38 13.00 68.91 11.18 42.64 36.13 10.05 228 5591 4181 221.62 1243 47.42 40.18 121 N
0.48 18.36 1150 69.66 11.86 4552 32.63 9.99 1.58 6051 37.91 229.64 13.18 50.57 36.25 1+ N
0.54 19.53 8.97 7096 10.84 51.73 27.68 9.75 1.86 67.26 30.88 244.31 12.01 57.32 30.67 1684 N
0.44 21.38 6.43 71.75 10.15 57.35 23.18 9.32 155 75.70 2275 254.04 1119 63.25 25.56 16:28 N
0.57 22.34 494 72.15 6.63 66.61 18.15 8.61 2.03 80.24 17.73 259.22 7.26 72.88 19.86 942 N
052 24.21 278 72.49 570 7236 13.97 7.97 1.89 8799 10.12 26346 6.19 78.63 15.18 868 N
0.95 25.10 1.29 72.66 530 77.69 10.31 6.70 3.49 91.80 471 265.70 5.68 83.32 11.06 H2B N
3.58 23.55 0.69 72.18 9.22 51.76 16.72 22.30 12.88 84.63 2.49 25941 11.87 66.63 21.53 2878 N
6.98 22.17 0.76 70.09 1464 38.29 26.13 20.94 2334 74.13 2.53 234.32 18.51 48.42 33.04 2645 N
10.08 21.35 0.78 67.79 1271 4435 24.01 1893 31.31 66.28 241 21050 5.68 54.70 29.62 233 N
13.20 20.37 1.22 65.21 17.00 31.16 30.22 21.62 37.93 58.55 3.52 187.42 21.69 39.76 38.55 2+38 N
15.05 20.26 1.17 63.52 1594 3561 28.69 19.76 41.25 55.53 3.22 17413 19.86 44.38 35.76 2468 N
20.38 20.15 141 58.06 18.64 28.28 34.11 18.97 48.60 48.05 3.35 138.42 23.00 34.90 42.10 2342 N
28.59 20.98 1.60 48.83 21.14 2475 37.86 16.25 55.88 41.00 3.12 95.42 25.24 2955 4521 194 N

EsP2
33.13 10.89 465 51.33 31.89 0.67 56.41 11.03 68.06 22.38 956 10542 3585 0.75 63.42 1288 A
31.15 3.55 6.39 5891 32.66 1.39 5432 1163 7581 864 1555 14340 36.96 157 61.47 3B A

P,T
38.55 25.08 1.18 3519 2741 3153 3274 8.32 59.48 38.70 1.82 5430 29.90 34.39 3571 SN B

aNjg, N&CO3:10H,0; A, N&C0O3-1.5H,02-H20; N, NaCl; B, NaCOs-2H,0,-H,0; w, mass fraction.

of silver nitrate in the presence of three drops of potassium
chromate solution with mass fraction 0.1 % as an indicator. Each
analysis was repeated three times, and the average value of three N'
measurements was considered as the final value of the analysis 6004
(precision: 0.1 %). The accuracy of the thermostat temperature
was 0.1 K. In these studies, X-ray diffraction and infrared

absorption spectroscopy were also employed to determine + 5001
whether the solid phase was pure or compound. a 4:0“'
> 400+
Results and Discussion :;‘,
The solubility data of the quaternary system,®@; + NaCl 8 30
+ H,0, + Ho0O 293.15 K are shown in Table 1. There are four g
solid phases formed in solution that correspond toQ@: £ 2007
10H;0, NaCl, NaCO3+1.5H,0,-H,0, and NaCOs:2H,0,+H,0, 2
respectively. It should be noted that the solubility data of 100+
the ternary system N&O; + NaCl + H,O and NaCOs; +
H,0, + H,O at 293.15 K are taken from the literat#feand 0 : - —
those of the system NaGt H,O, + H,O are taken from the NO 20 40 60 80 100H

literature?®

Figure 1 is the three-dimensional diagram of the quaternary Figure 1. Three-dimensional phase diagram of the quaternary system

. : ens : NaCOs + NaCl + Hy0, + Hs0 293.15 K. A, NaCl; N, NaCOs. H,
system. Figure 2 is the projection of phase diagram. H,05; Nio, solubility of N&COs in H,0 at 293.15 K; §, solubility of

NN'HH' is the phase diagram of the ternary systemQ@@ NaCl in H,O at 293.15 K. The other symbols have the same meaning as
+ H20; + H,0 293.15 K in Figure 1. Curve NE; corre- those described in Table 13,Ecosaturated point of a solution with solid
sponds to the crystallization line of the salt J&3-10H,0; phases N#&£0z-10H0 and NaCOs+1.5H0,-H;0; E, cosaturated point

curve EME; corresponds to the crystallization line of the salt ©f @ solution with solid phases NaOs;10H,0 and NaCl; &, cosaturated

i . . _ point of a solution with solid phases b&0;*1.5H,0,-H,0 and NaCOs:
NaCOs-1.5H0,H20; curve EC corresponds to the crystal 2H,0,-H20; Py, cosaturated point of a solution with solid phases

lization line of_the s_alt NgC0O3:2H,0,-H,0. E; and & are NaCOs10H,0, N&C0s+1.5H,0,-H;0, and NaCl; B, cosaturated point
cosaturated points with N@Oz:10H,0, N&COs:1.5H,02°H-0, of a solution with solid phases NaCl, p&0s+1.5H,0,-H,0, and NaCOs-
Na,COs+1.5H,0,-H,0, and NaCOz:2H,O,H-0. 2H,02°H20.
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Figure 2. Dry salt phase diagram of the quaternary systeraQX3 +
NaCl + H;O, + H,O at 293.15 K. The other symbols have the same
meaning as those described in Figure 1.

NN'AA’ is the diagram of the ternary system JM&; +
NaCl + H,O 293.15 K in Figure 1. Curve NE, corresponds
to the crystallization line of the salt NaOs-10H,0; curve ESa
corresponds to the crystallization line of the salt NaGl;i€
cosaturated points with N&O3-10H,0 and NacCl.

HH'AA' is the diagram of the ternary system NaEH,0,
+ H20 293.15 K in Figure 1. Curve sScorresponds to the
crystallization line of the salt NaCl.

Figure 2 show that the diagram is divided into four crystal-
lization fields by five curves: curveqP;, corresponding to the
crystallization line of the salt N&€0O;-10H,0 and NaCOs:
1.5H,0,°H,0 with the saturated solution; curvel, corre-
sponding to the crystallization line of the salt J8&;-10H,O
and NaCl with the saturated solution; curvgPR corre-
sponding to the crystallization line of the salt NaCl and
Na,COs:1.5H,0,-H,O with the saturated solution; curveTR
corresponding to the crystallization line of the salt,8@s-
2H,0,:H,O and NaCl; curve HEs, corresponding to the
crystallization line of the salt N&Os;-1.5H,0,H,O and
NaCOs3-2H,0,H,0. There are four crystalline zones of pure
solids: |, corresponding to the equilibrium of the salb8@s-
10H,O with the saturated solution; Il, corresponding to the
equilibrium of the salt NaCl with the saturated solution; lll,
corresponding to the equilibrium of the salt J&&;-1.5H,0,-
H,O with the saturated solution; IV, corresponding to the
equilibrium of the salt NgCOs-2H,0,-H,0 with the saturated
solution.

There are two isothermal invariant pointg &d B. Point
P1 is represented by the solution composition being in equilib-
rium with salts NaCOs-10H,0O, NaCl, and NgCOs:1.5H,0,-
H.O. Whereas pointRepresents the solution composition being
in equilibrium with the salts NaCl, N&0Os:1.5H,0,-H,0, and
N32C03'2H202' Hzo.

In Figure 1, NoE;P1E; represents the crystallization field of
the salt NaCOs-10H,0O; P,P,E,Sa represents the crystallization
field of the salt NaCl; BE;P1P, represents the crystallization
field of the salt NaCOs-1.5H,0,-H,0; CEP,T is the crystal-
lization field of the salt NaCOs:2H,0,-H,0.

Conclusion

The solubility data of the quaternary system,®@; + NaCl
+ H20, + H,0 at 293.15 K are measured by using moist solid
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N&CO;-10H,0, NaCl, NaC0Os-1.5H,0,-H,0, and NaCOs:
2H,0,-H0. This work can serve as a guide for the preparation
of sodium percarbonate with sodium chloride as the salting-
out agent.
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