J. Chem. Eng. Dat2006,51, 17171722 1717

Liquid —Liquid Equilibria of Ternary and Six-Component Systems Including
Cyclohexane, Benzene, Toluene, Ethylbenzene, Cumene, and Sulfolane at 303.15 K
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Liquid—liquid equilibrium (LLE) data for four ternary systems comprising cyclohexangenzene, toluene,
ethylbenzene, or cumene) sulfolane have been measured at 303.15 K and at atmospheric pressure. The LLE
data for a six-component system including (cyclohexanbenzenet toluene+ ethylbenzenet+ cumene+

sulfolane) has also been measured at the above conditions. The reliability of the experimental data was tested
using the OthmerTobias correlation. The LLE data were then analyzed using a UNIFAC model with group-
interaction parameters extracted from the UNIFAC-LLE data bank and a NRTL version with temperature-dependent
binary parameters determined from the experimental LLE data (NRTL/2), both as programmed by the Aspen
Plus simulator. Based on the analysis of these data, both models represented the experimental data with sufficient
accuracy as revealed from the very small values of the root mean square error and the average absolute deviation
in composition.

Introduction ethylbenzene, or cumene) sulfolane at 303.15 K at atmo-
Extraction is the most widely used process for the separation SPheric pressure. The liquidiquid equilibrium data for the six-

of aromatics from different paraffins. Solvents used for the COMPonent system (cyclohexane benzene+ toluene +
extraction should have high selectivity for aromatics, high ©thylbenzenet cumene+ sulfolane) were also measured at
capacity, high density, low viscosity, and partial miscibility with the above conditions. Additionally, a predictive activity coef-

the hydrocarbon mixtures at reasonably low temperafifegsy ficient model (UNIF-LL, as itis called in the Aspen Plus) will
also must have good thermal stability, low reactivity, and be used to demonstrate its predictive capacity for the resulting

minimum corrosion characteristics in addition to being envi- dat@. This UNIF-LL model uses group-interaction parameters

ronmentally friendly. Sulfolane (tetraethylene sulfone), among €Xtracted from the UNIFAC-LLE data barik Also, a Non-

the organic solvents, has been widely used as a solvent in the®@hdom Two Liquid model (called NRTL/2) will be used to
recovery of high-purity aromatics such as benzene, tomene,correlate the experimental LLE data. The NRTL/2 model is

ethylbenzene, isopropyl benzene (cumene), and xylenes fromusually suitable fo_r highly nonideal systems and has tempera-
refinery process streams and products. ture-dependent binary parameters determined from the user
Accurate phase equilibrium data are important parameters formeasured LLE datt The UNIF-LL model gave accurate
the design and evaluation of industrial unit operations for the Predictions in comparison with other models used in previous
extraction processes. Although the technical literature is very Studiesi**’The NRTL/2 model correlated very accurately the
rich on the subject of solvent extraction of some aromatics such LLE data of various ternary systems including sulfolafié?
as benzene, toluene, and xylene ternary systems, fidigjdid In addition, Chen et dl.used only the NRTL ternary system
equilibrium data for cyclohexané (benzene, toluene, ethyl- ~Parameters to predict the LLE of three quaternary and two
benzene, or cumene) sulfolane systems are very limited in ~ 9uinary systems. The predicted LLE data were found to compare
the literaturé4518Table 1 lists the available literature (including Well with the experimental LLE data with an average RMSD
this work) on LLE data of benzene, toluene, ethylbenzene, and ©f 0-0059 and 0.0092, respectivély.
cumene with sulfolane. Ternary phase equilibrium data are ] ]
essential for the proper understanding of the solvent extraction Experimental Section
processes, selection of solvents, and design of extractors. Few
examples on quaternary systems containing nonarométics
benzenet- toluene+ sulfolane are also availaBlgand are listed
in Table 1.
The objective of the present work is to measure the LLE data
for the ternary systems cyclohexane (benzene, toluene,

The chemicals used in this work were supplied as follows:
sulfolane by Merck with a stated mass fraction of 0.99 002
H,0); benzene, toluene, ethylbenzene, and cumene by BDH with
stated mass fractions 6f0.99 (<0.001 HO), >0.995 (<0.0003
H,0), >0.99, and>0.981 (no HO), respectively; and cyclo-
hexane by Riedel-DeHaen with a stated mass fraction00995

* Corresponding author. Fax:+971-3-7624262. E-mail: s.abueishah@ (<0-0001 HO). All materials were used as received without
uaeu.ac.ae. any further purification.
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Table 1. Liquid—Liquid Equilibrium Studies of Systems Containing Sulfolane (3) and Benzene, Toluene, Ethylbenzene, and/or Cumene

nonaromatics aromatics TIK ref
pentane benzene 290.15, 298.15, 323.15 2
hexane benzene 282.15, 323.15, 348.15, 373.15 6,7,8
cyclohexane benzene 298.15, 303.15 6, this work
heptane benzene 298.15, 303.15 5,16
octane benzene 298.15, 308.15, 313.15, 318.15, 323.15, 343.15, 6,7,11-13

348.15, 372.15, 373.15, 402.15
decane benzene 303.15 5
dodecane benzene 303.15 5
hexane, octane benzene 298.15 7
pentane toluene 290.15, 298.15, 323.15 2
hexane toluene 290.15, 298.15, 308.15, 313.15, 323.15 3,4,7,10
cyclohexane toluene 290.15, 298.15, 303.15, 323.15 3, 4, 6, this work
2-methylpentane toluene 298.15 4
1-hexene toluene 298.15 4
heptane toluene 298.15 6, 15
octane toluene 298.15, 308.15, 313.15, 318.15, 323.15, 343.15, 7,11-13
348.15, 372.15, 373.15, 402.15
hexane, heptane toluene 298.15 9
cyclohexane ethylbenzene 303.15, 313.15, 323.15 18
cyclohexane cumene 303.15 this work
heptane benzene, toluene 298.15 9
hexane, octane benzene, toluene 298.15 7
cyclohexane benzene, toluene, ethylbenzene, 303.15 this work
cumene

Table 2. Experimental LLE Data for the Four Ternary Systems in

The equilibrium experimental data were determined USiNg @ s \Wwork at 303.15 K

tightly closed, jacketed equilibrium cell with 100 mL volume.

The temperature was measured with a mercury-in-glass ther- ™€ flrarftions i”.uﬁpehr layer mole fﬁ"cltions .i”h'OWher layer
mometer with uncertainty of 0.1 K. The temperature in the (cyclohexane-fich phase) (sulfolane-rich phase)
jacket of the cell was kept constant by circulating water from __ X2 X X X X3
a water bath (Julabo Labortechnik GMBH, Germany) equipped Cyclohexane (1) Benzene (2)t Sulfolane (3) System

with a temperature controller (Julabo PC) capable of maintaining 8 gg?g 8:8228 8:8823 8:8212 8:8289 8:32%

the temperature at a fixed value (within0.1 K). Mixtures of 0.8701 0.1227 0.0072 0.0397 0.0773 0.8770
known masses of sulfolane, aromatic(s), and cyclohexane were 0.7553 0.2295 0.0152 0.0490 0.1456 0.7941
introduced into the cell, stirred for 2 h, and then left &h to 0.7215 0.2627 0.0159 0.0539 0.1809 0.7512

-~ : . 0.6747 0.3042 0.0211 0.0556 0.2009 0.7279
equilibrate and settle down into a lower layer (sulfolane-rich 5911 0.3754 0.0335 0.0618 0.2501 0.6687

phase) and an upper layer (cyclohexane-rich phase) under the Cyclohexane (1) Toluene (2)+ Sulfolane (3) System
same temperature. 0.9961 0.0000 0.0039 0.0436 0.0000 0.9564
Samples from both layers were carefully taken and analyzed 8'223? 8'2223 8'88?8 8'8352 8'8%22 8'23%
using a gas chromatograph (Chrompack CP 9001) with aflame 07636 ~ 0.2214 00150 00535  0.0948  0.8518
ionization detector (FID). Chromatographic separation of the 0.7121 0.2715 0.0165 0.0537 0.1198 0.8265
mixture constituents was achieved using a 50 m long.32 06698 03073  0.0229 00586 01382 08032
: o ; 0.5995 0.3663 0.0343 0.0632 0.1724 0.7644
mm i.d. WCOT (wall-coated-open-tube) fused silica capillary Cyclohexane (1 Ethylbenzene (2* Sulfolane (3) System
polumn coated with a 1./2m stgnonary film (CP-Sil 5CB). The 0.9984 0.0000 0016 0.0410 0.0000 0.9590
inlet pressure of the carrier nitrogen gas was set to 30 kPa, and 0.9349 0.0610 0,0041 0.0411 0.0189 0.9400
the temperatures of the detector and the injector were set to 8-?%; g-igé 8-8%‘21 8-83‘212 8-82;% g-gég?
573.15 K and 548.15 K, respectlyc_aly. The oven temperature ' ¢205 0.3044 0.0174 0.0462 0.0960 0.8578
was programmed as follows: the initial temperature was setto 0.6082 0.3655 0.0263 0.0454 0.1151 0.8395
373.15 K for 2 min followed by a constant heating rate of 20  0.5385 0.4290 0.0325 0.0318 0.1012 0.8670
K-min~1 until a final temperature of 523.15 K was attained. Cyclohexane (1)} Cumene (2)+ Sulfolane (3) System
The final temperature was kept for 8 min, and then the cycle 09971~ 0.0000  0.0029 ~ 0.0397 ~ 0.0000  0.9603
N dpM' ¢ fk P i f ; Y 0.9328 0.0630 0.0042 0.0366 0.0144 0.9490
was repeated. Mixtures of known compositions of reagents were ; ggas 01275 0.0080 0.0390 0.0281 0.9329
used to calibrate the gas chromatograph. Mass fraction measure- 0.7650 0.2231 0.0119 0.0408 0.0495 0.9097
ments were reproducible to withi 0.1 %. The greatest error 8-2%23 g-gggg 8-8%(13; 8-8‘3182 8-8?8‘1‘ 8-233%
in the material balance in these experiments was found to be ™ : : : ) :

less than 1 %.
’ or cumene)t sulfolane measured at 303.15 K and at atmo-

spheric pressure are shown in Table 2 and displayed on the
triangular diagrams shown in Figures 1 to 4 for benzene, toluene,

A summary of citations of LLE studies of ternary systems ethylbenzene, and cumene, respectively. It is clear from the data
involving the aromatics under study, namely, benzene, toluene,shown in Figures 1 to 4 that the aromatics under study have a
ethylbenzene, and cumene (including this work), are given in much higher affinity toward cyclohexane in the upper layer than
Table 1. The cited literature data spans a temperature range okulfolane in the lower layer, while the lower layer is almost
(290.15 to 402.15) K in a 57 isothermal data sets with about free of cyclohexane. The experimental LLE data for the six-
400 experimental data points. component system cyclohexane benzene+ toluene +

The experimental liquigtliquid equilibrium data for the ethylbenzene+ cumene+ sulfolane at 303.15 K and at
ternary systems cyclohexare(benzene, toluene, ethylbenzene, atmospheric pressure are displayed in Table 3.

Results and Discussion



Journal of Chemical and Engineering Data, Vol. 51, No. 5, 200819

S o
LN NN NN NN

0.1 02 03 04 05 06 07 08 09
X1
Figure 1. Experimental LLE data equilibrium molar compositions of the
ternary system cyclohexane (%) benzene (2} sulfolane (3) at 303.15
K: O, experimental—, UNIF-LL prediction.
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Figure 2. Experimental LLE data equilibrium molar compositions of the
ternary system cyclohexane (%)toluene (2+ sulfolane (3) at 303.15 K:
O, experimental:—, UNIF-LL prediction.

The reliability of the experimental data can be ascertained
by applying the OthmerTobias correlatior? depicted in eq
1, for each of the above mixtures at the test temperature:

1-—w 1-—w
|n(—3L) —a+b |n(—lu) (1)
W3 Wiy
or
1—w 1—w,,\b
( 3L) _ a( 1u) @
Wz Wiy

wherews. = mass fraction of sulfolane (3) in the lower layer
(sulfolane-rich phaseyy.y = mass fraction of cyclohexane (1)
in the upper layer (cyclohexane-rich phase), angndb are
the fitting parameters of OthmeiTobias correlation. The first
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Figure 3. Experimental LLE data equilibrium molar compositions of the

ternary system cyclohexane (t)ethylbenzene (2} sulfolane (3) at 303.15

K: O, experimental;—, UNIF-LL prediction.
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Figure 4. Experimental LLE data equilibrium molar compositions of the
ternary system cyclohexane (¥)cumene (2)+ sulfolane (3) at 303.15 K:
O, experimental:—, UNIF-LL prediction.

06 07 08 09

data point, where no aromatic exists in the mixture (ixe.=

0) is usually not included in this correlatiéhThe values of,

b, and correlation factoR? are given in Table 4 at 303.15 K
for the systems under study. The linearity of the OthaTewbias
plot and the value of th&? (close to 1.0) reveal the degree of
the consistency of the experimental data of this work. The
measured LLE data of this work are in excellent agreement with
the available LLE dafet8 for benzene and toluene (see Table
1). The standard deviations)(of the studied systems are listed
in Table 4 for reference. Thevalues range from 0.034 to 0.050
for the four ternary systems and reach 0.135 for the six-
component system. The relatively higtior the six-component
system could be attributed to the deficiency of the Othmer
Tobias model in describing LLE systems with more than four
specieg?
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Table 3. Experimental LLE Data of Cyclohexane (1)+ Benzene (2) Table 7. NRTL/2 Binary Parameter, {(gj — g;)/R, in Kelvin} for the
+ Toluene (3)+ Ethylbenzene (4)+ Cumene (5)+ Sulfolane (6) Four Ternary Systems Studied in This Work at 303.15 K and at
System at 303.15 K Atmospheric Pressure
X1 X2 X3 Xa Xs Xs component j=1 j=2 j=3
Mole Fractions in Upper Layer (Cyclohexane-Rich Phase) Cyclohexane (1)} Benzene (2)+ Sulfolane (3)

0.9967 0.0000 0.0000 0.0000 0.0000 0.0033 i=1 0 195.4139 1925.9201

0.9320 0.0147 0.0051 0.0157 0.0165 0.0050 i=2 —97.0454 0 414.5144

0.8693 0.0295 0.0102 0.0310 0.0316 0.0066 i=3 1154.5952 —15.3628 0

0.7626 0.0563 0.0199 0.0554 0.0541 0.0133

07161 00669 00241 00675 00656 00145 Cyclohexane (1) Toluene (2)+ Sulfolane (3)

06781 00780 00290 00742 00715  0.0199 =7 143766 3733710 1919 308
05046 01151 00484 01122 01072  0.0435 = oes.2ree 50051 2

0.03 4OM0|e ('): réioc(t)ig nsin IO_%%SBLayerogsoggglane-%i.%%ggase) 0.9660 Cyclohexane (1) Ethylbenzene (2% Sulfolane (3)

00184 00104 00071 00046 00023  0.9571 =2 iaaoga g el
00091 00194 00140 00095 00051  0.9429 -2 Loba-3288 13,0983 ;

0.0391 0.0388 0.0263 0.0177 0.0140 0.8642
0.0418 0.0462 0.0314 0.0217 0.0166 0.8423 Cyclohexane (1} Cumene (2}t Sulfolane (3)
0

0.0398 0.0540 0.0374 0.0256 0.0194 0.8238 i=1 2175.0695 1974.8179
0.0496 0.0814 0.0590 0.0438 0.0328 0.7333 i=2 —761.3521 0 609.4586
i=3 1101.7958 175.7614 0
Table 4. Constants of the Othmer-Tobias Correlation and the
Correlation Factor, R, for the Systems Studied in This Work at Table 8. RMSE and AAD in Liquid Mole Fractions as Obtained
303.15 K (Based on Mass Fractions) from UNIF-LL and NRTL/2 Models for the Four Ternary Systems
Cyclohexane (1)+ Aromatic (2) + Sulfolane (3) at 303.15 K
system N a b R o
cyclohexanet benzenet sulfolane 6 2.6031 1.2337 0.9971 0.044 cyclohexane benzene sulfolane
cyclohexanet toluene+ sulfolane 6 6.9957 1.4928 0.9983 0.034 model RMSE AAD RMSE AAD RMSE AAD
cyclohexanet ethylbenzenet- sulfolane 6 20.0348 1.7791 0.9956 0.050 :
cyclohexanet cumenet sulfolane 5 54.0058 1.9699 0.9967 0.045  niF.LL O.gfger L%Yg{iCyC'%hgfg‘”e'%%‘lghase&oos 0.005

cyclohexanet benzenet toluene+ 6 4.4163 1.1126 0.9780 0.135
4 ethylbenzene- cumener sulfolane NRTL/2 0.004 0.003 0.004 0.003 0.001 0.001
Lower Layer (Sulfolane-Rich Phase)
Table 5. UNIFAC LLE Group-Interaction Parameters, g;, in Kelvin UNIF-LL ~ 0.015 0.011 0.055 0.036 0.066  0.042
— NRTL/2 0.002 0.001 0.005 0.003 0.006 0.004
i—j CHj CH, ACH ACCH ACCH, ACCH; sulfolane

CHs 0.0 00 —114.80 —115.70 —115.70 —115.70 561.40 cyclohexane toluene sulfolane
CH, 00 0.0 -114.80 —115.70 —115.70 —115.70 561.40

ACH 15650 15650 0.0  167.00 167.00 167.00 21.97 model RMSE AAD RMSE AAD RMSE AAD
ACCH 104.30 104.30—146.80 0.0 0.0 0.0 238.00 Upper Layer (Cyclohexane-Rich Phase)

ACCH, 104.30 104.30—146.80 0.0 0.0 0.0 238.00 UNIF-LL  0.015 0.013 = 0.018 0.016 0.002  0.002
ACCH; 104.30 104.30—146.80 0.0 0.0 0.0 238.00 NRTL/2 0.004 0.003 0.005 0.004 0.002 0.001

sulfolane 67.84 67.84  59.16 26,59 26,59  26.59 0.0
. Lower Layer (Sulfolane-Rich Phase)

Table 6. UNIFAC Group Volume, Ry, and Surface-Area,Qx, HQ'TFL'/'-Z'- %%%ﬁ %%%81 %%%% %%%72 %%%3; %%%35

Parameters
group Ry Q« group R« Q« cyclohexane ethylbenzene sulfolane
CHs 0.9011 0.848 ACCH 1.0396 0.660 model RMSE AAD RMSE AAD RMSE AAD
CH; 0.6744 0.540 ACCEH 1.2663 0.968 U :
pper Layer (Cyclohexane-Rich Phase)
ACH, 9538 0400 sulfolane  4.0358  3.200  yNFLL 0043 0035  0.040 0038 0006  0.004
: : NRTL/2 0.007 0.006 0.009 0.008 0.004 0.002

. . . Lower Layer (Sulfolane-Rich Phase)
The experimental data of this work were also used to examine ynjF-LL  0.008  0.007 0.015 0.013  0.021  0.019

the LLE predictive capability of the UNIF-LL model (with NRTL/2 0.002 0.002 0.002 0.002 0.002 0.002
group-interaction parameters extracted from the LLE data bank
. . . cyclohexane cumene sulfolane

stored in the Aspen Plus simulator). These parameters are listed
in Tables 5 and 6 for reference. In addition, the NRTL/2 model __M°del ~ RMSE AAD RMSE AAD RMSE AAD
(with binary parametergy;, determined from the fitting of the UNIELL 0 8?5,’” L%ygé ((SCyd%hg;(fne-Fi)ngl?i’haseg 005 0.004
current measured LLE data) was used to c_orrelate these data. \gT/ 2 0.006 0004 0008 0006 0001  0.001
Both models were used as programmed in the Aspen Plus .

. 16 . . . Lower Layer (Sulfolane-Rich Phase)
simulator'® The regression method used in Aspen Plus simulator yniF-LL  0.010 0008 0024  0.019  0.025  0.020
is the generalized least-squares method based on the maximumNRTL/2 0.002 0.001 0.001 0001 0.002 0.001

likelihood principles. The BrittLuecke algorithri! is used in

the Aspen Plus to obtain the NRTL/2 model paramélefable models. Table 8 shows the root mean square error (RMSE) and
7 shows the NRTL/2 binary parametefg,= {(g; — g;)/R for the average absolute deviation (AAD) in mole fraction obtained
each pair of components in each ternary mixture wWith= A; using UNIF-LL (predictive) model and NRTL/2 (correlative)

= 0 andA; = Aji. Ris the universal gas constant, aggis the model at 303.15 K. The RMSE and AAD are defined as follows:
energy parameter in the NRTL equation (in K). The Aspen Plus
simulator default values of the non-randomness factprwere
used for all four ternary systems studied in this wauk; = RMSE = \/E Z (X — Xiprec§2 3)
a3 = 0.3, a43 = 0.2, with ajj = 0. N 4 !

On the other hand, the experimental LLE data for systems 1
containing species of very limited solubility, like the systems AAD = — z | %P — xipfe‘ﬂ (4)
studied in this work, represent a tough test for the predictive N 4
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Table 9. RMSE and AAD in Liquid Mole Fractions as Obtained from UNIF-LL Model for the Six-Component System Cyclohexane (1)}
Benzene (2)+ Toluene (3)+ Ethylbenzene (4)+ Cumene (5)+ Sulfolane (6) at 303.15 R
cyclohexane benzene toluene ethylbenzene cumene sulfolane
phase RMSE AAD RMSE AAD RMSE AAD RMSE AAD RMSE AAD RMSE AAD

ULL 0.258 0.210 0.085 0.072 0.021 0.019 0.076 0.065 0.069 0.059 0.079 0.049
LLL 0.019 0.016 0.075 0.057 0.012 0.010 0.029 0.022 0.015 0.011 0.117 0.085

aULL, upper liquid layer; LLL, lower liquid layer.

Table 10. RMSE and AAD in Temperature as Obtained from UNIF-LL and NRTL/2 Models for the Four Ternary Systems Cyclohexane (1)}+
Aromatic (2) + Sulfolane (3) at 303.15 K

benzene (2) toluene (2) ethylbenzene (2) cumene (2) six-component mixture
model RMSE AAD RMSE AAD RMSE AAD RMSE AAD RMSE AAD
UNIF-LL 0.73 0.48 1.02 0.65 0.32 0.29 0.80 0.63 4.72 4.02
NRTL/2 0.07 0.05 0.11 0.09 0.25 0.19 0.15 0.13

whereN is the number of data points angds the mole fraction Conclusions
of component. For the four ternary LLE systems studied in
this work, both UNIF-LL and NRTL/2 models represent the

experimental data quite well, and the predictions are accurateqifglane were measured at 303.15 K and at atmospheric
enough as demonstrated by the very small values of the RMSEpressure. The LLE data for the six-component system (cyclo-
and the AAD in mole fractions presented in Table 8. Table 9 paxane+ benzene+ toluene + ethylbenzene+ cumene+
shows the values of the RMSE and the AAD in mole fractions gy ifolane) were also measured at the above conditions. The
in each phase of the six-component system as obtained by thejnearity of the OthmerTobias plots and the values of the
UNIF-LL model; these values are generally higher than their correlation factor R2 very close to 1.0) as well as the low
counterpart is in the ternary systems. It is clear from Tables 8 standard deviationss(less than 0.05) proved the consistency
and 9 that the NRTL/2 correlative model as compared to the of the experimental measurements for the four ternary systems
predictive UNIF-LL model better represents the experimental studied. The standard deviations for the six-component system
LLE data of the studied four ternary systems. Table 10 shows is relatively high ¢ = 0.135). The LLE data of this work were
the values of the RMSE and the AAD in temperature using the then analyzed using the UNIFAC-LLE (or UNIF-LL) predictive
UNIF-LL and NRTL/2 models for these ternary systems. It model and the NRTL/2 correlative model as programmed by
should be mentioned that the NRTL/2 correlative model was the Aspen Plus simulator. Based on the analysis of these data,
applied in this work to the six-component system; this is a both models represented the experimental data with sufficient
tedious problem that requires up to 30-nonzero parameters (outaccuracy as revealed from the very small RMSE and AAD
of 36) to fit such a system. In addition, although the RMSE values in mole fractions for both the four ternary systems and
and AAD in mole fraction for the six-component system (using the six-component system studied in this work.

UNIF-LL, Table 10) seem acceptable, the corresponding RMSE
and AAD in temperature are relatively high. This might be
attributed to the limited capability of the UNIFAC binary The contributions of Dr. Ali Dowaidar in the analysis of the
parameters in predicting the temperature for a six-componentexperimental data and the chemist Hasan Kamal in helping with
system, especially if we recall that the UNIFAC model treats the running of the experiments are highly appreciated.

the whole sulfolane compound as one group represented by a . .
single set of parameters. Literature Cited
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condition where the three-component mixture separates into two _ 2nd sulfolane at 298.15 K. Chem. Eng. Dat200Q 45, 689-692.
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