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ROTATING CYLINDER THROWING POWER ELECTRODE 
Field of the Invention 

This invention penains to an apparatus for and a method of measuring a 
throwing power of electroplating solutions. 

5 Background of the Invention 
Throwing power is one of performance parameters of placing solutions 

that has held electroplaters' attention for many years. Among the many 
characteristics of electrodeposits, the most commonly specified by end users are 
macroscopic thickness uniformity and minimum and/or maximum thickness. The 

10 capability of a plating bath to give unifonn thickness distribution is referred to as 
having a good throwing power. Deposition of a metal over an entire area of a 
~'1'11plex part and leveling of the rough finishes are particularly important. 
:C~hnectors with grooves, springs, tubing, stamped metal connectors and other • • 
'Complex stamped parts need uniform coverage of metals to meet specified functional 

15 requirements. Plate finish standards and end-users' specifications typically give 
minimum and maximum thickness criteria. Knowing, a priori, whether or not such 
requirements can ·be met, is quite challenging because the throwing power, as a 
parameter specific to each patticular placing soludon, is not readily available. 
Therefore, the plating engineer must develop the finishing processes which 

20 reproducibly provide acceptable quality. To accomplish this, one must rely on 
published information about the throwing power of commercially available plating 
baths. However, little reliable information is available which quantifies the throwing 
power. This is particularly true for modem electroplating solutions where high 
cunent densities usually require high solution agitation. 

25 Since the 1920s an apparatus known as the Haring-Blum (HB) cell has 
been a standatd tool for measuring throwing power. A schematic representation of a. 

0 
Haring-Blum cell, 80, is shown in FIG. 8. It is a rectangular container, 81, with 
positions for one anode element, 82, and two equi-potential cathode elements, 83 and 
84, placed on either side of the anode. Cmrent to the anode element and the cathode 

30 elements is provided from a current source 85 via conductors 86 and 87, 
respectively. By moving the anode element toward one or the other cathode 
element, various ratios of distances between· the anode and the two cathodes may be 
preselected. The measurement is performed by weighing the deposit on each of the 
two cathode elements after simultaneous deposition on both. In the case of an 
"ideal" weight distribution, i.e., both deposits have equal weight.. However, the 
reproducibility and the measurements performed with the Haning-Blum (HB) cell 
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are rather limited. This is primarily due to the lack of well-defined and reproducible 
hydrodynamics, inability to provide high-speed solution agitation, and inability to 

attain high current densities. 

Many modem electroplating cells employ fluid velocities of several 
5 meters per second, while the HB cell or similar equipment has a practical limit at 
... 20-30 cm/s. Solution agitation is typically conducted by means of air bubbling or by· 

magnetic stirrers, e.g. stirrer 88. Therefore, the infonnation obtained under low to 
moderate agitation is not directly applicable to high-speed processes. The 
information obtained with the HB cell is.limited to low current densities due to the 

10 inherent limitations of low solution agitation. Cunent densities of the order of up to 

40 ASF and low solution agitation are amenable for application of the HB cell. 
~. . Solution agitation can affect the current distribution through secondary 
~f tertiary current distribution effects and thus influence the throwing power.· Th~ 
c;l~tric field and its resulting primary current density distribution are the first order 

15 parameters which govern metal deposit distribution. Typically, the current density 
~cs as the distance from the anode increases. In order to overcome this 

' 
primary current density distribution effect, commercial plating apparatus are 
designed to apply the kinetic· and/or the transport of matter "adju~tmcnts" to the 
current density. 

20 The kinetics adjustments can be divided into two kinds: the enhanced 
polarization at retained high cmrent efficiency and enhanced polarization at reduced 
current efficiency. This results in the so-called secondary current density 
distribution, definable as a cumnt density distribution which encompasses an 
additional "resistance" at the interface (polarization), which is not a function of pan 

25 geometry and/or interelcctrodc gap. Thus, the strict dependence of current density 
on the part geometry and solution resistance can be reduced. An additional benefit is 
obtained when the polarization brings about a non-plating process (e.g. hydrogen 

!> 

evolution) so that the "excess" current is "consumed" without metal deposition. 

The transpon of matter is the key parameter which can infiuence 
30 throwing power. Generally, the polarization of metal deposition process (assuming 

the same metal in various chemical environments) is a ICSUlt of two effects; one is 
the coordination shell composition and the other is the presence of additives. The 
coordination shell plays a rol~ in the steps preceding discharge and immediately 
following the deposition, creating a thin solution layer which is chemically different 

35 than the bullc solution. Additives. byproducts and contaminants may also participate 
in the mechanism of deposition. The magnitude of these effects on metal 
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distribution are a function of the transport of matter. 

The transpon of matter adjustment is performed with low concentration 

of depositing metal. Under these conditions, if solution agitation is relatively 

uniform across the plated p~ <5ne obtains the transpon limited current at low 

5 current density. niis re~ts in the so-a.lled tertiary current density distribution and 

leads to little or no change in the transport limited current density across the .plated 

p~ regardless of the magnitude of the excess currcnL 

T. C. Tan undenook to give an electrochemical interpretation to the 

throwing power, in which electroplating parameters such as electrode polarization 

10 and overall voltage are taken into consideration. See T. C. Tan, "Model for 

Calculating Metal Distribution And Throwing Power of Plating Baths", Plating and 

Siufacc Finishing, July 1987, pages 67-71. See also Thiam Chye Tan, "A Novel 

Fp~rimental Cell for the Determination of the Throwing Power of an Electroplating 

Srtsiem". Journal of Electrochemical Society: Electrochemical Science and 

15 Technology, Vot 134, No. 12, December 1987, pages 3011 et seq. Tan has devised 

his own cell design for throwing power measurements. This multi-compartment cell 

contains anodes and cathodes covering a range of distances, while mixing is 

provided by gas spargers. Although the uniformity of agitation has been improved 

over the Haring Blum cell, it is still limited by low solution agitation rates and 

20 tcstrictcd solution volume. 

Summary of the Invention 
This invention embcxlies a new apparatus which enables the 

measurement of the electroplating solution's throwing power under well-controlled 

hydrodynamic conditions. With this equipment the throwing power of commercially 

25 available solutions was measured in a comparison to the HB method for low-speed 

solutions and also for high-speed solutions. 
The invention embodies an instrument for and a method of measuring ., 

the throwing power of electrolytes. The instrument is in a form of an elongated 

cylindrical body adapted for rotation about its longitudinal axis and includes a fixed 

30 conductive anode element and at least two cathode elements, at least one of which i~ 

variably spaced from the anode element. Pr:cferably, one cathode element is fixed 

n:lative to the anode element a first predetermined distance and another cathode 

element is spaced from the anode element a second variable distance which is a 

multiple of the :first distance. The instrument also includes means for providing 

35 current to the anode element and equi-potcntially to each of ~e cathode elements. 

The measuring includes providing each of the cathode elements With a pre-weighed 
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reIIlOvable metal foil, rotating the instrument while the anode and cathode elements 
arc completely submerged in an electrolyte, applying current tO the anode and the 
cathode clements, removing the metal foils from the cathode elements and weighing 
the metal foils with the deposit thereon to compare the weight of deposited metal at 

S different cathode element positions. 

10 

Brief Description of the Drawings 

FIG~ 1 is a schematic rcpre~n~on of an RCTPE; 
FIG. 2 is a schematic representation of a prefezrcd embodiment of the 

RCTPE; 

FIG. 3 is a plot of an effect of rotation speed on the throwing power of 
Rochelle copper low-speed plating solutions, as measured with anode element to the 
l~wer cathode element distance ratios of 511 and 3/1, and at 50 to 500 RPM (5-50 
41+); 
~ : FIG. 4 is a plot of an effect of rotation speed on the throwing power of 

15 Rochelle copper high-speed plating solutions as measured with anode element to 

lower cathode element ratios of from Sil and 3/1 and at 200 to 2,000 RPM (20-200 
' 

CID/s); 

FIG. S is a plot Of an effect of distance ratios on the throwing power for 
Rochelle copper plating solutions, comparing measurement with RCTPE at low and 

20 high-speed conditions with those of Haring Blum cell; 
FIG. 6 is a plot of comparison of RCTPE and Haring Blum cell 

throwing power data for sclec~ low-speed plating solutions at distance ratios of 5/1 
and 3/1; 

FIG. 7 is a plot of throwing power of RCTPE for select high-speed 

25 plating solutions, at distance ratio~ of S/1 and 3/1; 
FIG. 8 is a schematic representation of a Haring'."Blum cell. 

Detailed Description 
In FIG. l is shown a throwing power measuring.unit, hereinafter 

refeaed to as a Rotating Cylinder Throwing Power Electrode (RcrPE), which 
30 allows measurements of the throwing power parameter under well-defined 

hydrodynamic conditions within a wide range of solution agitation. 

The (RC'IPE) includes an elongat.ed cylindrically-shaped mcaswing 
instrument, 11, adapted for rotation about its longitudinal central axis. Instrument 11 

is suspendable in an electrolyte (not shown) which may be in its own container or in 
35 a plating tank. An ~ 12, supports instrument 11 for suspension in the electrolyte 

and includes a suitable drive means, such as a belt drive or a motor (not shown), 
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enabling rotation of instrument 11 about its longitudinal axis. Drive means is for 
providing rotation to instrument 11 about its longitudinal axis at a desired rate of 
rotation. The rate of rotation may be selected within a range of from 10 to 10,0CO 

RPM. which translates into solution velocity movement past the anode and cathode 
5 elements in the range of from 1 to 1,000 cm/sec. 

Instrument 11 includes an elongated cylinder, 13, of a suitable 
electrically non-conducting material, an anode element. 14, arranged coaxially with 

the cylinder at an upper part thereof and a pair of cathode elements, 15 and 16, 
arranged coaxially with the cylinder in a descending order along the length of 

10 cylinder 13 below the anode element. A slip ring electrode contact, 17, placed above 

and spaced from the anode element is provided on the cylinder for providing current 

~the anode element via an insulated I~ 18. Current to the cathode elements may 
ti/, ibvided in a similar manner or,· alternatively, via a centrally located metal drive 

' 
shaft, 19, which is being used for rotating the cylinder. Contact 17 is electrically 

15 connected to a positive (anode) side of an energy source, 20. The negative (cathode) 

side Of .the energy source is connected to an electrical contact for the cathode 
clement, such as drive shaft 19. The shaft may be sec~ to the insulating cylinder 

by suitable means such as screws or an internally threaded end cap. 

Upper cathode clement 15 which is close to the anode element is fixed at 
20 a predetermined distance from the anode element, while lower cathode element 16 

can be placed at several coaxial positions relative to the anode and the upper 

cathode, such as at four exemplary positions which give S/1, 4/1, 3/1 and 2/1 

distance ratios relative to the anode position, respectively. The first number of each 
ratio denotes the distance from the anode element to the lower cathode element 

25 position and the second number of the ratio denotes the distance from the anode 
element to the upper cathode element position. 

The two cathode elements arc positioned on the same side of the anode 
element. This is contrary to the positioning of the anode element between the two 

cathode clements, as occurs in the Haring Blum cell. In the latter arrangement, the 
30 cathode clements have minimal interference with each other's electric fields. In the 

present arrangement the cathode element nearest to the anode element tends to 

reduce the cmrcnt ftow to the farther cathode element While in the Haring Blum 
cell the mangcment favon a _better current distribution, the present mangement was 

selected because of its practical application. This condition is more realistic than the 

35 Haring Blum arrangement, because in reality plated pans arc monolithic, facing the 

anode from one side. 
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Cylinder 13, or at least electrically non-conducting pans thereof, is 
made of an electrically non-conducting material which is not adversely affected by 

the plating reaction and is non-contaminating with respect to the solution. Suitable 
material for the cylinder may be selected m.>m such insulating materials as epoxy, 

5 polyethylene, polypropylene, polyvinyl chloride, Teflon, glass and other materials 
possessing the above qualities. Anode element 14 and cathode elements 15 and 16 

are made of a metal which also is non-reacting with plating solutions and is non­

contaminating with respect to the plating solution. Stainless steels and such 

refractory metals as titanium, niobium and tantalum are metals suitable for this 

10 purpose. Drive shaft 19 may be made of a similar metal. 

An operator may use a plurality of instruments 11, each having lower 
c~ element 16 at a different distance from anode clement 14. This would 

~t.flut the use of a variety of instruments 11 for a corresponding variety of distance 
·' ratipS. 

15 In a preferred embodiment of the invention shown in FIG. 2, instrument 

11 is·a.compositc ?f a drive shaft 19 with a plurality of insulator and conductive 
portions. This is used for the purpose of having only one set of the drive shaft, the 

anode element and cathode elements which, when used with a set of separate 

insulating annular spacers, permit the use of the instrument for a variety of distance 

20 ratios. In this embodiment, the drive shaft 19 is provided with a shoulder portion 21 
and a central shaft portion 22 of a smaller diameter than the shoulder portion. The 
remainder of the cylinder is made up of annular non-conducting sections, 23, 24, 25, 

26, and a non-conducting capping end section, 27. 

Contact 17 and anode element 14 axe spaced from metallic central shaft 

25 22. while cathode clements 15 and 16 axe in tight electrical contact with shaft 22. 
Each of sections 23 and 24 has a portion with a reduced diameter so that the contact 

•; and the anode clement are insulated from shaft 22. The length of cylinder section 23 
is such as to avoid shorting between the shoulder portion 21 and the contact. The 
length of cylinder section 24 is sufficient to permit immersion of anode clement 14 

30 in an electrolyte and yet to avoid wetting of the contact sleeve by the electrolyte. 
Section·25 is ofa length enabling spacing between the anode clement and upper 

cathode element lS a first ptedetermincd distance. Section 26 is of a length, which 

together with section 24 and cathode element IS adds to a spacing between the anode 

element and lower cathode clement 16 a second predetermined distance equal to a 
3S multiple of said first predetermined distances. For example, in the embodiment 

shown in FIG. 2, the spacing between anode clement 14 and cathode element is 
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equal to a cenain unitary length, while the spacing between anode element 14 and 
cathode element 16 is equal to five times the unitary length. This results in a 
distanec ratio of 5:1 (anode element ro lower cathode clement 16 and anode element 
to upper cathode element 15). In those instances when it is desirable to test throwing 

s power at other distance.ratios, section 26 may be replaced by at least two smaller 
sections permitting positioning of cathode element at 4:1, 3:1and2:1 distance ratio 
positions. In some instances, more than two cathode elements may be used on the 

instrument. For example, cathode elements may be positioned at 1, 3 and 5 distance 
positions relative to the anode elemenL 

10 Cathode clements 15 and 16 may be secured on central shaft 22 by a 
tight fit, a key hole, by means of screws and in other known manner. It is imponant 
t\t~t an efficient electrical contact exists between these cathode elements and the 
ifha,t shaft. In the preferred embodiment, at least the lower portion of the central 
t 

~hift and the cathode elements are provided with matching threads. This ensures the 
I 

~5 electrical contact and pennits the use of a non-conducting end cap 27 securable to · 

the ~nd of the central shaft by means of matching threads. The cap forces individual 
' . 

portions of the cylinder in contact with shoulder 21 of drive shaft 19. 
The measurement of the throwing power is perf ormcd by attaching pre­

weighed copper foils on two cathode clements and conducting the deposition under 
20 well-defined conditions of cylinder rotation, that is, under identical mass transport 

conditions. This is particularly important for the high-~ bath tests (e.g. 200 
RPM and higher) and is helpful in low-speed bath tests (e.g. up to 200 RPM) where 

readings can be masked by hydrogen evolution which can interfere with rotation 
generated transport conditions. . 

25 Two groups of tests have been pcrf ormed. One group of tests consists 

".) 

of low-speed ~ments. These were used to make a comparison between the 
information that was obtained from the Haring-Blum cell and the RCTPE, such as 
~ effects of solution agitation and the cathode distance ratio on the throwing 
power. The high-speed tests were used to measure the throwing power of the high-

30 speed solutions and COll'Clate the data to practical experience. The reproducibility of 
the operation is excellent as shown in the following data. 

f arameters: 
Current Density 

35 Solution Agitation 

Low-Speed Test Matrix: 
Haring Blum Cell 
SASF 

2S cm/s (250 RPM) 

RCTPE 
SASF 

S,l0,2S, cm/s 
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Distance Ratio 5/1 & 3/1 5/1, 4/1, 3/1 & 2/1 

Temperature 35-40C'° 35 -40C0 

Solutions Tested & Their Formulatlom: 
1. Gold Plating Solutions: 
Component Soft Gold Hard Gold 

Au . 8 g/l 8 g/l 

Co lOOppm 

Conducting Salt 130 g/l 130 g/l 

monobasic potassium 4g/1 
phosphate 

~ghtener salt 30 g/l 30 g/l 

Nt• 
' 4 ~ falladium Plating Solutions: 

Component Pd Add Pd Plate Pd Thick PdNi 

. . Strike & Ductile NFS 

15 Pd 3 g/l 5 g/1 5 g/l s g/1 

I Nao .·6() g/l 

t 
Ni 2.5 g/l 

Di potassium 
l 

hydrogen phosphate 90gll 90 g/l I . 
; 
i 
j 

20 Ammonium Chloride 80 g/l 80 g/l 

Ligand (proprietary} 2S mJJl 
Additive II 

proprietary brightener 4ml/l 

Additive IVS 
25 proprietary brightener 2 m1Jl 

() Potassium hydroxide to pH 11.0 topH8.0 topH7.7 

HO (33 %) topH3.9 topHS.O topH7.7 

3. Roch~le Copper Low Speed: 

Component Amount 
30 Rochelle Salt 1S gll 

CuCN 30g/l 
KCN SOg/l 
KOH s g/l 
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15 g/1 

High-Speed Test Matrix 

RCTPE 
100 ASF (Unless otherwise specified) 

25,50,100.200 cm/s 

5/1, 4/1, 3/1 & '111 

Parameters 

Current Density 

Solution Agitation 

Distance Ratio 

Temperature 
35-40 C

0 
(Except Ni sulf amate, which was plated at 60 C0 ) 

Solutions: 

1. Soft Gold Plating Solution: 

Q>mponent Soft Gold 

4dt~ 25 g/1 
c',ohducting Salt 130 g/1 I 

monobasic potassium phosphate 4 g/1 
Brigh.tener salt 30 g/1 . 
2. Palladium Plating Solutions: 

Component Pd Add Pd Pd.Ni Pd Thick Pd 
Strike Plate NFS & Ductile NFS 

Pd 10 g/1 25 g/1 25 g/l 25 g/l 
Nao 60g/l 
Ni lS g/1 
Diporassium hydrogen 

phosphate 90 g/1 90g/1 
Ammonium Chloride 80g/l 80 g/l 80 g/l 
Ligand {proprietary) so mJ/I 
Additive II proprietary 

brightener 4 mJ/I 
Additive IVS proprietary 

brightener 2mJJJ 
Additive VS proprietary 

brightener 2mJJJ 
Potassium hydroxide -- to pH 11.0 topHS.O topH7.7 topH7.7 
HO (33 'I) topH3.9 to pH 8.0 topH7.7 topH7.7 
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3. Rochelle Copper High Speed: 
Component Amount 
Rochelle Salt 60 g/l 

CuCN 42g/1 

KCN 67 g/l 

KOH lOg/1 

K2C03 30g/l 

4. Ni Sulfarnate High Speed Solution: 
Component Amount 

10 Ni sulfamate ()()() g/1 

Ni.1Pttoride 10 g/1 

~c Acid 45 g/l . ' tlie measured data is im;senred in an empirical form with the actual ratios of the 
weights obtained. Equation (l) defines the throwing power, TP, measure used in 

15 prescqting the data. 

TP = WN/WF (1) 

where WN is the weight of deposit at the near cathode and WF weight of deposit at 
the far cathode. In each case, the number is a relative measmc, in percent, of the 
closeness to an ideal case of having a ratio of weights close to a unity. Thus, baths 

20 with a good throwing power have ratios close to the unity, and baths with inefficient 
throwing power have numbers which differ from unity. 

Since the transpon of maacr is apparently the key parameter in 
conducting these measurements, the magnitude of this effect was established first. 

. The RCIPE system offers an opportunity to investigate the throwing power 
25 depcndencc on solution agitation under well-defined conditions. This effect was 

0 
mcasmed on the Rochelle copper bath for both low and high-speed conditions. The 
comparison was made for two distance ratios, S/1 and 3/l(Figures 3 & 4). 1be low­

specd measurements are presented in FIG. 3. At low agitation rates of 50 and 100 
RPM (S cm/sec and 10 cm/sec) the throwing power is good (weight ratio is close to 

30 1). With increased solution agitation the measurements diverge. At 500 RPM (50 
cm/sec) the weight ratio at 511 distance ratio is approximately 1!1. of the weight ratio 
at the 3/1 distance. The e~ is possibly due to an overall lower cmrent efficiency 

of the process. At the 5/1 distance ratio the metal deposition process is clearly less 

efficient (only 1/2 the metal deposited) than at the 3/1 distance ratio. This indicates 
3S an excessive hydrogen evolution at 5/1 ratio. Data presented in Fi11= 3 suggest that 

.... ~ 
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the low-speed processes should be investigated at lower solution agitation, possibly 
250 RPM (25 cm/sec) or less, e.g. at 100 RPM (10 cm/sec). 

The high-speed measurements are ·presented in FIG 4. Convergence is 
quite gcxxi, for the 5/1 and the 3/1 distance ratio. This is especially true for the 1000 

S (100 cm/sec) and 2000 RPM (200 cm/sec) rates. Here the weight ratio is close to 
unity, which matches the empirically established good performance of the Rochelle 
c<:>ppcr solution. Therefore, the 1000 RPM (100 cm/s) is adopted as the nominal 
solution velocity in the RCTPE measurements of the throwing power for high speed 
solutions. 

l 0 FIG. 5 shows the throwing power data as a function of the distance 
ratio, from 2/1 to 5/1 for low-speed Rochelle copper as measured using both the 
~g Blum cell and the RCI'PE. Although the distance ratio was changed 
c~iderably, the observed values stayed within narrow limits for the RCTPE. The 
I{aling Blum data varied over a much wider range for the same distance ratios, 

. ' 
15 suggesting that the RCTPE method is more internally consistent, which is required 

for pl~ting process characterization. 
• 

Reference information on a variety of low-speed plating solutions was 
established for comparison of the Haring-Blum cell and RCfPE at distance ratios of 
5/1 & 3/1. FIG. 6 shows data presented in the descending order of weight ratio for 

20 the 511 distance ratio. Superior perfonnance was demonstrated by Pd Thick Ductile, 
Pd.Ni NFS (non-foaming) and, as expected, Rochelle Copper. The RCI'PE data was 
highly convergent, while the Haring Blum data was quite divergent and spanned a 
wider range of values. In addition, the range of values of the RCTPE data is 
supported by practical experience with the tested plating solutions. 

25 FIG. 7 shows the performance of a variety of high-speed solutions 

.l 

measured with the RCTPE at 1000 RPM (100 cm/s). Rochelle Copper again showed 
superior perl"ormance. Soft gold and palladium nickel alloy were also quite good. 
The graph also shows a clear convergence of the da~ as did the low-speed data 

presented in Fi~ 6. 
30 A thiowing power rating system, which is presented in the Table below, 

was prepared to evaluate the RCTPE as a potentially useful tool for measuring 
function:al performance of plating solutions. The TP data were 4ividcd into 

categories from excellent to poor. As a reference, the same terminology was used as 
in ASTM 02.05 Designation: B-507 "Standard Practice for Design of Articles to be 

3 5 Electroplated on Racks", which defines the throwing power capability of plating 
solutions. 
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Throwing Power Rating 

Excellent 

Good 

Fair 

Poor 
rn the table below are presented the results of a comparison of various 

plating solutions using the above arbitrary scale. It is clear that the RCI'PE gave 
internally consistent results which an: also in better agreement with the ASTM 
guidelines. 

10 Bath ASTM Haring Haring RCTPE RCTPE 

15 

20 

Rating Blum Blum 

V~tance 

r•~atio 5:1 3:1 +S:l 3:1 
• • 
R9<:helle Cu, LS Excellent Fair Fair Excellent Excellent 
Rochelle Cu, HS Excellent Poor Fair Excellent Excellent 
Soft.Gold, LS Good Poor Fair Good Good 
Soft Gold, HS Good Good Good 
Ni Sulfamatc, LS Fair Poor Good Fair 

NiSulfamate,HS Fair Fair Good 

Additional advantages and modifications will readily occur to those 
skilled in the an. Therefore, the invention in its broader aspects is not limited to the 
specific details, representative devices, and illustrated examples shown and 
described. Accordingly, various modifications may be made without departing from 
the spirit or scope of the gencnl inventive concept as defined by the appended claims 

25 and their equivalents. 

0 

lliiiiHf 
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Claims: 

1. An instrument for measuring throwing power of an electrolyte, which 
comprises: 

an elongated cylindrical body adapted for rotation about the longitudinal 
axis thereof, said cylindrical body comprising a plurality of metallic annular 

elements arranged· along the longitudinal axis of the body and being separated from . 

each other by a plurality of non-conducting. annular elements, 

one of said-metallic annular elements is a short metallic anode element 
positioned coaxially of the cylindrical body towaid an upper end thereof, 

10 at least two of said metallic annular elements are short metallic cathode 
elements positioned coaxially of and along the length of said body in spaced relation 

, each to another and to said anode clement, one of said cathode clements being at a .•, ·, 
tftl'st predetermined spaced distance from the anode clemcn~ and the other of said 

' ' dathode elements being at a second spaced distance from the anode, and 
r I 

15 means for providing current to the anode elemenr and cqui-potcntially to 

20 

saig cathode elements such that, upon immersion of said instrument in an electrolyte . 
with said anode element and the cathode elements submerged in the electrolyte and 
application of plating potential to the anode and the cathodes, electro- deposition 

takes place on the cathode elements. 

2. The instrument of claim 1 in which both of said cathode elements are 
on the same side of the anode clcmcnL 

3. The instrument of claim 1 in which said second cathode element is 
adjustably positioned along the longitudinal axis of the cylindrical body at varied 
distances from said anode element and said first cathode element, said varied 

25 distances being a multiple of said first distance. ,, 

4. The instrument of claim 1 in which said cylindrical body comprises a 

drive shaft passing through said plurality of metallic annular elements and non­

conducting annular clements, beginning with a non-conducting annular element and 

ending with a cap-like non-conducting annular element. 

J. 30 S. The instrument of claim 1 in which one of said means for providing i current to the cathode elements is an extension of a drive shaft, passing through said 

! plurality of the annular elements and being in electrically conductive contact with 

-----------
\ 1\1\HIU \\Ill 11\IJ U 1\\1 

f< t '-



- 14-

the said cathode elements. 

6. A method of measuring a throwing pow~ of an electrolyte, which 
comprises: 

providing an elongated cylindrical instrument having a metallic anode 
element and at least two metallic cathode elements coaxially arranged along the 
longitudinal axis of the instrument in an insulating spaced relation each to another, 
one of said cathode elements being spaced a first predetermined distance from the 
anode element and another cathode element bei~g spaced a second predetermined 
distance from the anode element, said second distance being a multiple of the first 

10 distance, 
l 
·• ~ providing each of the cathode elements with a removable metal foil, 
r• r~ supporting said. instrument while said anode and cathode elements are . ' 

CC!>rPpletely supported in an electrolyte, 
applying current to the anode element and equi-potentially to the 

15 cath~ elements, 

rotating said instrument about its longitudinal axis at a preselected speed 
of rotation, such that a metal· is deposited on each of the metal foils, 

removing the metal foils from the instrument, and . . 
weighing the metal foils with the deposit to compare the weight of the 

20 deposit at the cathode clements. 

0 

7. The method of claim 6, in which said second distance is selected from 
a range of from 2 to S multiples of the first distance from the anode element. 

I lllllll llllll lllll lllll II llll 
* C L M S * 


