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In SituM easuranents of Solution Conductivity
in M icrowave Field

U Yong-qing'",L U Chun-peng’
(1 Deparment & Chamistry, Yunnan N omal U niversity, Kunming 650092, China,
2 Degparment o M etallurgy, Kumming U niversity d Science and T echnology,
K unming, 650093, China)

Abstract. The curves of the conductivity as a function of tenperature for 24
kindsof solutions have been in situmeasured both in them icrow ave field and in ab-
sence of microw ave field The results indicated that the relationship betw een the
conductivity in microw ave field L) and temperature (T) can be expressed by an
equation Lu= a'+ b'T+ ¢'T?, similar to the one that is valid in absence of them -
crowave field L = a+ bT + cT> Conductivity in the absence and presence of mi-

crow ave field can be linked by the equation In L_w: A+ BL_n+ CL_rz.
Key w ords: M icrowave, Solution, Conductivity
CLC Number. © 646 Documnent Code: A

1 Introduction

The dynamic properties of thew ater olution consist of mobility, conductance, migra-
tion, diffusion and viscosity, etc There are internal relations anong them. One property
can be deduced from another'™™. Solution conductivity is a physical quantity that expresses
the conductive capability of lution It depends on the temperature, concentration, elec-
trode area, and electrode distance A ccording to D ebye-H liekel-O nsager conductance theory,
the conductivity is related to the electric field force and electrophoretic force in microcosn or
to the dielectric constant, medium visoosity, tenperature, and concentration of the lution
in macrocogn. M icrow ave, which is an electromagnetic w ave of high frequency, has effect
on the properties above To better study the electric-chanical propertiesof the slution un-
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der microw ave field, the in situ conductivity of slution under microw ave irradiation w as
measured, and the theoreticmodel has been proposed in thispaper.

2 Exper mental Devicesand Process

M icrow ave irradiation causes lution tamperature increase The conductivity of lu-
tion under microw ave irradiation (L_w) w as in situmeasured successively in different tanpera-
tures and the conductivity of the slution heated (L_w) in the saneway by electric furnace
was alo measured The influence of the microw ave irradiation can be assessed by compari-
on of the wo.

The devices used in the present experiment are schanatically shown in Fig 1 In Fig 1
m icrow ave furnace (1) has power of 750w, frequency of 2450M Hz T he support (3) can
rotate to make the concentration and the temperature of olutionw ell distributed In the case
of conventional heating, the stirrer (9) plays the same role Themooouple (5) and conduc-
tance electrode (6) were placed in the slution in same position to reduce the error from the
possible difference of temperature and concentration Conductance electrodemust not be af-
fected by microw ave, and should have good chemical stability. Before experiments, platinum
conductance electrode arks, and silver did not have good chemical stability. Copper can re-
flectsmicrow ave, 0 copper conductance electrode is not affected by microw ave irradiation,
and has better chamical stability. Copper conductance electrode consisted of a couple of cop-
per wires (12), A 1203 ceramic tube (11) and copper coil (10). Epoxide resin has been used
to seal the tube, see Fig 1(c). The copper il (10) was used to shield off microwave The
copper conductance electrodew as inserted for 5m inutes to the boiling solution, w hich con-
ductivity would be measured, to make its surface stable Then the electrode constant w as
standardized with @ 1 mol/A standard KC| solution This conductance electrode should be
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Fig 1 Experimental device
1 microwavefurnace 2 olution; 3 suport; 4 x-y functional recorder; 5 conduc-
tance electrode 6 themooouple 7. conductivity gpparatus 8 electric furnace 9
stirrer; 1Q copper wil; 11 A I20sceranic tube 12 copperw ire
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used to measure the lution conductivity L » and m icrow ave conductivity L.

In measuring process, the copper conductance electrode w as directly linked w ith the
conductivity apparatus (DD S-11A). The conductivity of the solution w as changed into elec-
tric potential difference by the conductivity apparatus, andw as transnitted to Y -axisof X-Y
functional recorder (XW TD-264). T he electric potential difference of the themooouplew as
transnitted directly to X-axis The curve of conductance (S) electric potential difference
(mV ) was been dravn in X-Y functional recorder. Electric potential difference of the ther-
mocouple w as translated into the temperature (), and the conductivity L_n or microw ave
conductivity Lwwasal® gotten by calculation The conductivity (S m™*) temperature( )
curve oould be drav n

3 Reaultsand D iscussion
The some curvesof the nomal conductivity L_n T and them icrow ave conductivity L_w

T of 24 kinds of lutions are presented in Fig 2 to Fig 7, it could be divided into three
types, i e, parallel, cross and separation The parallel typesw ere divided into slope-in-
creasing and slope-decreasing KCI solutionw as a typical slope-decreasing, see Fig 2 CuCl:
w as a typical slope-increasing, see Fig 3 The trendsof the curvesof the conductivity L_n T
and microw ave conductivity L_w T of parallel typew ere alike, but the L_w valuew as alw ays
higher than L Similar phenom ena have been observed for the olutionsof HCI, NiClz, Zn-
Clz, FeCls, M g04, NaCOs, K2LO3
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Fig 2 L_n T and L_w T curvesof KCI olution Fig 3 L_n T and L_w T curvesof CuClz olution

1) microwave 2) electric furnace 1) microwave 2) electric furnace

In the cross type, the curvesof L. TandL. T intersect each other such asin the case

of NaOH olution, seeFig 4 At low tanperature, L_W valuew as higher than thel__n Smilar
phenomena have been observed for the wlutions of NH4CIl, CrCls, KNOs, FeSO4, Fe:
(804)3, CoD4, M N4, ZnD4, NaD:

In the separation type, the distance betw een Lv TandL. T curvesincreasedw ith the
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Fig 4 Lo TandLw T curvesof KOH lution Fig 5 Lo TandLw T curvesof H2904 olution

(I microwave 2 electric furnace) (Imicrowave 2 electric furnace)
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Fig 6 Lo TandLw T curvesof Zn9« olution Fig 7 Lo TandL« T curvesof HNOs olution

(Imicrowave 2 electric furnace) (Imicrowave 2 electric furnace)

temperature increased, and the L_w values ware alw ays higher than L_n, as in the case of
H230. lution shown in Fig 5 These typesof curvesw ere al observed in the olutions of
NaBr, NiDsand FeDs- (NH4) 204
Other types of curvesw ere nothing nev but composition of parallel, cross or searate
curves, such as ZnS0. lution of double cross type, see Fig 6, the slope-decreasing cross
typeof HNOs, see Fig 7, and the slope-increasing cross type of N @304 ®lution, see Fig 8
Degite the fact that curvesw ere parallel, crossor separate, they all could be fittedw ell

by quadratic equation regress They were similar to the nomal experimental fomula'”, as
follow s

L= at bT+ cT? (3)

(4)
w here I__n: nomal conductivity (S- m” 1),I__W: m icrow ave conductivity (S m™*), T: tenper-
ature (), a, b, ¢ coefficients of temperature influence on nomal conductivity, a’, b', ¢’ co-
efficients of temperature influence on microw ave conductivity.

and Lw=a'+ bT+cT?
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At room temperature them icrow ave conductivity L. of water olution inm icrow ave field
w as usually higher than nomal conductivity L_n W hen the temperature increased, both L_w
andL increased, but in ome wlutions the increase rate of L. was snaller than that of L_n,
the curves of L_w T and L_n T crossed and the L_w valuew as low er than the L_n at high tem-
perature These phenomenamainly existed in ®lutions of nitrates, sulfates and sometimes
of chloridesasNH4Cl, and CrCls

TheLw and L ~were regressed acoording to Lu=f (L) at different tenperature, the e-
guationsw ere gotten as follow:

Lu=exp(A+B Lo+ CL2) (5)

or ILw=A+B Lo+ CL> (6)
w here,A ,B, C were coefficients

The regression coefficient r’ of equation (6) for each of tested slutionswasover Q 99
It indicates that equation (6) could be used to relate the Lw and L ~well

4 Explanation of M icrowave Conductivity

The lution can conduct electricity, because it contains the ions The ionscan transnit
electric current by directional movement under electric field Themovanent of ionshas great
effect on intensity of conductivity of solution The higher the gpeed, the larger the conduc-
tivity. M icrow ave is electromagneticw avew ith high frequency, and can make polar molecu-
lar move, vibrate, or rotate at high peed T he conductivity of lution increases if the ions
move in direction of external electromagnetic field On the other hand, the conductivity de-
creases if the ionsvibrate or rotate at high speed and not move or move slow ly at the direc-
tion of external electromagnetic field Further researches indicate that in microw ave field,
themean energy barrier, which ionsmust sutrmount as they transit, is the function of ten-
perature (will be published in other journal).

5 Conclusions
(1) M icrow ave conductivity, like normal conductivity, increases as tenperature increas-
es It can be show nw ith quadratic equation, i e
Lw= a+ bt+ cf
(2) M icrowave conductivity can be related with nomal conductivity by follow ing
fomula
ILw=A+B L.+ CL2



. 46 2003

References:

[1] Fu Xian-cai, Chen Rui-hua Physical Chemistry (second volume) [M ] Beijing: Higher Education Pub-
lishing House, 1980: 4Q

[2] Jiang Hanying M etallurgical Electrochemistry [M ] Beijing: Higher Education Publishing House,

1983: 21
1* 2
)
(1 , 650092, 2 , 650093)
Lw) Lu= a'+ bT+ cT?2 Lo= at bT+ cT? ,

., Lw Ln ILw=A+BLntCL?Z a,bc, A,B,C



	In Situ Measurements of Solution Conductivity in Microwave Field
	Recommended Citation

	tmp.1677607578.pdf.lfGQK

