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exists in the whole field between tin and tin telluride, although tlie tlier- 
mal effect near the titi telluride concentration was very slight. Tha t  
portion of tlie curve l!.in,o beti 11 pure tin and tin telluride was very 
difficult to obtain. IYliile onl:. a f e n  resiilts are given, many other e x -  
periments were made. 111 niany cases iiiaises of the high melting tellu- 
ride \vould clot together and iiiake a good clear fusion very difficult. 

Tlie presence of the coiiipouiid, SnTe, is indicated not only by the fact 
that  tlie maxiinuni point i n  the  ciirve coiiicides with the composition de- 
manded by the formula SiiTe, but it \vas also identified by Tanmanil’s 
theriiial Iiiethod. -1 line dran.11 t!irougli tlie time iiitcrvals of the sepa- 
ration of the two eutectics ends i n  each case at this conipositisn. 

Furtliermore the compound is ciearly indicated by the micro-structure. 
T h e  alloy coiitaiiiiiig 48.28 per ceiit. of titi shons a uniform dark field 
wheu etched with nitric acid. With illcreasing anioniits of telluriui~i 
more and iiiore of the eiitectic shons  until the composition of the pure 
eutectic is reached. I3eyonti this point crystals of tellurium are found 
embedded in tlie eutectic. The microstructure of the alloys varying 
from j O  to I O O  per cent. of tin is very unsatisfactory, as  it is oiily after 
prolonged annealing that equilibrium is reached, aiid there is always 
much oxidation during the 1ie:itiiig. 

A STUDY OF THE CAUSES OF IMPURE NICKEL PLATE WITH SPEC- 
IAL REFERENCE TO THE IRON. 

1 1 ~  1). F, C \ I . I I A X ~ :  A S I I  + I ,  ( ; , \ x x \ ( ; r ; ,  
Rrceiveii Julie 2 7 ,  193-1: 

The experiments described i n  the follon~iiig article were performed for 
the purpose of ascertaining the aniouut of iron present in nickel plate 
and also to study the conditions that influence the deposition of this UII-  

desirable iinpurity. In the course of this work a point of considerable 
interest was met with and further in1,estigated as detailed later. 

I t  is a fact of everyday experience that nickel plate rusts CII any pro- 
longed exposure to moisture, and this rustiiig is pronounced to be due to 
small amounts of iron contained i n  the  plate and coniitig from the solu- 
tioii during the plating process. This  impurity may be conceived as 
constituting with the nickel a series of galvanic couples that  cause rapid 
rusting in the presence of moisture and carbon dioxide of the air. 

Tlie universal method of plating on a conimercjal scale is to suspend a 
bar coiiipouiided of nickel and iron a s  anode in a bath of the double salt, 
nickel-amnioriiutii sulpliate, the article to be plated constituting the other 
pole or cathode. 

The  presence of the iron in tlie anode is due to the  fact that  pure 
nickel is not corroded rapidly enough to furnish tlie iiecessary nickel to  
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the  solution. Iron is the cheapest material and has a solution tension 
enough greater than nickel to make it effective for the end in view. 

T h e  anode bars as sold to the platers are guaranteed to  be over 90 per 
cent. nickel. The  double salt of nickel-ammonium sulphate is dissolved 
in hot water and diluted up  to 6' to  8' BeaumC, giving a nearly satu- 
rated solution. I n  winter the concentration is run as  low as 5 O  Beaume, 
t o  prevent the salt from crystallizing out. 

During the plating, as the anodes are corroded a brown sludge of basic 
iron salt is fornied on the surface and must be brushed off every day and 
t h e  accumulated deposit cleaned from the tanks weekly. 

T o  conclusively prove the fact that iron is present in nickel plate as 
ordinarily deposited, a sheet of platinum was plated at a local establish- 
ment, and the deposit, about one gram, removed with hydrochloric acid 
and a qualitative analysis made, which showed small amounts of iron. 

Attention was next turned to finding out horn the iron came to be in 
the nickel plate. This  would result either from mechanical occlusion, 
deposition by the current or a combination of both causes. 

Portions of nickel anode bars that  had been used in actual work in two 
different establishments were procured, and thoroughly cleaned with 
water and acid until only the nickel showed. Small samples of these 
were taken and analyses made for their iron content. Portions of four 
different bars were thus used. A qualitative analysis showed nickel, 
iron and small amounts of carbon and silicon. 

T h e  samples were analysed for iron by the basic acetate process' and 
gave 7.59 and 7.56 per cent. of iron. Two other samples were analyzed 
for iron by the ferric hydroxide method as  is usual in comniercial 
analysis, and gave 7.53 and 7 .  j 2  per cent. of iron. T h e  nickel in these 
latter two solutions was determined by electrolysis.' usiiig the customary 
procedure, and gave 91.96 and 92.01 per cent. of nickel. The  remaining 
one-half per cent. was composed mainly of silicon and traces of other 
impurities, from which, however, no test for cobalt was obtained. 

A qualitative analysis of the nickel animonium sulphate showed as  
impurities traces of iron, sodium afid organic matter. 

A solution of the ordinary nickel salt was made up  to a strength of 
2 5 0  grams in three liters and this placed in each of two glass battery 
jars, Small pieces of the  comniercial aiiodes containing about 8 per cent. 
iron, were drilled and suspended by wires in the solution. Two anodes 
were used in each jar. 

For cathodes, strips and spirals of platinum were used, so that the 
deposit could be stripped off. As it was observed that the shape of the 

Treadwell Analytical Chemistry, p. 123. 
' Ibid., p. IIZ. 
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cathode had some influence on the nature of the deposit, tlie plates and 
spirals were used to better s tudy this particular point. 

In tlie first instance, two platinum strips about 2 inches wide and 4 
inches long were plated at  the works of a local establishment, and on 
analysis of the deposit were found to contain 0.096 and 0.080 percent. of 
iron. These results show a very small portion of iron, bu t  yet enough 
to coiistitute a n  appreciable impurity,  and account for the rusting of 
plated articles. 

Experiments in the laboratory iyere directed towards tlie study of vari- 
ations ill conditions and their effect 011 the iron impurity. Platinum 
strips mere used of a size about g X 4. j cni., and which weighed about 
8 grams each. 

A current density of 0.04 ampPre per sq. cni. was at  first employed, or  
2 anipsres current for the  total surface immersed. 

In one hour a deposit of 1.940 grains was obtained. T h e  theoretical 
ampsre hour efficiency for nickel is 1.094 grams. This  gives a current 
efficiency of 88.20 per cent. -411 aiialysis of the deposit for iron was 
made nnc i  gave 0.147 per cent. T h e  deposit obtained in  this experiment 
was bright,  but had begun to peel, showing either a too high current 
density or unclean surface. The  platinum was subsequently cleaned 
with fine sand,, sodium hydroxide and hydrochloric acid or potassiuoi 
cyanide. 

In the next  experiment two baths were run in series, with all the  con- 
ditions the same in one as in the other except that  one of the solutions 
was stirred by a rotator turning 130 revolutions per ininute. T h e  cur- 
rent was 0.7j anipPre. Xi1 exaniination of the films of deposited 
nickel a t  the end of the experiment showed that  each was inclined to 
peel arid the one deposited i n  the solution that was stirred looked the 
better of the two. I n  one hour the plate from tlie solution that was not 
stirred had received a deposit of 0.742j gram of nicliel, showing a cur- 
rent efficiency of 90.48 per cent. T h e  plate from the stirred solution had 
received 0.7402 gram of nickel, shoming practically the same efficiency. 

Here,  both cathodes were stationary and one solution stirred, which 
had practically no effect on the current efficiency in nickel. As will be 
showii later, n widely different result is the  case when the cathodes are  
rotated. 

An  analysis for iron in the deposits obtained in the last experiment 
was made and gave 0.13 per cent. for the still solution and 0.36 per cent. 
for the stirred solution. A s  will be seen from the previous figures, the 
agitation of the solution greatly increases the  iron impurity of the nickel 
deposit, showing large amounts of mechanical occlusion. 

The  current previously used was evidently too great,  and a duplicate 
of the experiment last described was carried out using 0 . 2  ampPre 
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current. This  gave a firmly adhering deposit with practically the  same 
amounts of iron impurity as  last detailed. 
In the next  experiment the cathode in one case was stationary, and 

in the other was rotated at 130 turns per minute. T h e  platinum sheets 
were used as before. T h e  results here in one respect were surprising. 
After two and one-half hours’ time with 0. I ampere current, there was 
deposited on the stationary cathode 0.2506 gram of nickel and on the 
rotated one 0.0380. T h e  still deposit was bright and firmly adherent. 
T h e  other one was dark and less firm. This  corresponded to anefficiency 
of 91 per cent. and 12  per cent. in nickel in the respective cases. 

A duplicate of the above trial was made under exactly the same con- 
ditions, the current acting for two hours. T h e  still electrode received 
0.2080 gram deposit, corresponding to an efficiency of 94 per cent., and 
the one that was rotated, a deposit of 0.03j4 gram, answering to  an 
efficiency of 16 pcr cent. T h e  deposits of the last two experiments 
were analyzed for iron content and gave for the still cathode 0.11 and 
0.  I O  per cent. and for the rotating cathode 0.54 and 0. j 6  per cent. 

With such small deposits of iron these figures agree very we!l. T h e  
striking deficiency of nickel deposit in the case of the rotated cathode i s  
again to be noted. 

Wi th  the same speed of rotation and a current of 0.5 ampere, a run of 
an hour’s duration was made to see if the  rotated cathode would take 
on more nickel with the larger current. 011 the still cathode the deposit 
was 0.4945 gram, corresponding to an efficiency of 90 per cent. T h e  ro- 
tated cathode received a deposit of 0.06j9 gram, answering to an effi- 
ciency of I 2 per cent. 

During the previous experiments, it was noticed that although t h e  
electrolyte when the start  was made was perfectly clear, it grew slightly 
cloudy during the time of the experiment. This  led to the idea t h a t  
some of the iron impurity might be kept out of the nickel deposit by sur- 
rounding the anodes with some filtering medium. Canvas bags were 
made, and in these pockets each anode was hung. With this arrange- 
ment, and freshly prepared solutions of nickel salt, 0. I ampPre in three 
hours deposited 0.2928 gram on the still cathode, and 0,0594 gramon t h e  
cathode rotated a t  260 turns per minute. This  corresponds to current 
efficiencies of go per cent. and 18 per cent. respectively. 

T h e  analysis for iron gave 0.05 and 0.75 per cent. respectively. 
Checks on these results under the same experimental conditions gave 
0.07 and 0.80 per cent. of iron respectively. 

As it was found that  the platinum strips would not stand a rortation 
higher than 260 turns per minute, spirals were used for the faster speeds. 
I n  stripping the nickel from the platinum, the deposits on the still ca- 
thodes dissolved with considerable difficulty in the hydrochloric acid, 
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while the deposits from the cathodes that were rotated were in many in- 
stances dark  colored and dissolved very readily, as tliougli an oxide 
might be present, T h e  bags added 110 appreciable resistance to tlie bath.  
An experiment was tried without the bags around the anodes, rotating 
one spiral as cathode a t  260 tiirns per minute a n d  another as  cathode a t  
1041 turns per minute. After four and one-lialf hours the deposits were 
0 .341j  gram 011 the 260 speed cathode and 0.2716 grain on the 1041 
speed cathode. This  correspoiids respectively to current efiiciencies of 
69 and j j  per cent. T h e  current used was 0.1 3iiipPre. The  higher 
speed here appears to cut doni]  the efficiency in  a market1 degree. T!ie 
deposits iii the  two cases were analyzed for the iron present arid gave 
0.70 atid 0.74 per cent. The  riiar1;ed increase i i i  !lie iron impurity with- 
out the bags a t  this high rotation is noticeable, anti also the near agree- 
ment in results from widely differing speeds. 

Another experiiiient was tried [vith the  bags, under tlie same cotidi- 
ticms as before. In three !lours, 0.2315 grain of iiickel was deposited 011 

the  oiie rotated at  260 turns ,  arid 0.1820 gr .  on tlie one turiiing :it 1041 
revolutioiis. This corresponds to current efficiencies of 70 aiid 5 j per 
cent. respcctivei!., checking iii this re.;pect tlie preI.ious figures. T h e  
deposits n.ere good, did not peel, atid the coating, 011 the spiral revolved 
at  1041 turns, \viis as  bright and stnootli as i f  buffed. The  analyses for 
iron gave 0.0; a i i d  o O S  per cent. I t  \vas found iiiipo.~siible to rotate the 
spit-als fa.ster l l i n i i  1041 turiis per iiiixiitr, so for higher speeds a sinall 
platiiiuin electrode, coinposed of miall pieces of tlie iiietal \veltletl to a 
thick wire, \vas employed. 

19 turns aiid the otlier 
electrode at -7 160 turns : i:i this iiistauce the eiectrolytc \\.as i n  a platiiiuiii 
disli covered \vith isiiiglas.;. Tl1.e spiral deposit was bright but  tlie other 
electrode turning a t  tlie higher speed, was dark colored. 111 the oiie 
case at  j I g  turns,  the deposit was 0.2135 graiii, and a t  the 2160 speed 
tlie deposit . v a s  0.1314 gra in ,  corresponding to efficiencies of 65 and 40 
per cent. respectively. Analyses for iron gave 0.0;. per cent. i i i  each 
case. 

These results with the bags as the filtering niedia, and without thein, 
sl ion~ conclusively tliat at least 0 .07 per cent. of iron conies by primary 
tlepositiori or deionization. Further ,  the faster the cathodes are rotated 
tlie less tlie current efficient!, i n  .tiickel. Tlii~ was 2gain strikingly 
siiown by au experiiiient using O. I atnp$re currerit for three hours 
through three cells i i i  series, in one of which the cathodes rotated at  260 

turns, iii another at 1041 turns,  aiid in  tlie third where a platinum str ip  
was used as anode instead of compound nickel, the  cathode was revolv- 
ing at 2160 turns.  The deposits were 0.2310 gram, 0.1811 gram, aiid 

111 the  i i rs t  expeririieiit one ipiral rotated at  
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0.1228 gram respectively, showing current efficiencies of 70 per cent., 55 
per cent. and 39 per cent. in the several cases. 

T h e  idea occurred to us that the marked current deficiencies might 
possibly be due to sluffing or peeling off of the deposited nickel from the 
rot a ti ii g cathode. 

I n  the next  experiment the cathodes were rotated inside porous battery 
jars, new, and carefully cleaned beforehand. Inside of one a platinum 
plate was rotated a t  260 turns, and within a second, a spiral rotated a t  
260 turns. T h e  current was 0.2 ampere for three hours. T h e  deposit 
on the plate was 0 . 2 2 0 0  gram, and on the spiral 0.4313 gram answering 
the current efficiencies of 33 and 65 per cent. respectively. 

After the experiment the solutions from the cathode conipartments 
were carefully filtered and the filters examined for nickel. Less than 
0 . O O o j  gram was detected. This  result appears to preclude the possi- 
bility of any marked loss of nickel from the electrode. 

Analyses for iron on the above deposits showed 0.08 and 0.07 per cent. 
respectively. Duplicates of the above experiment showed 0.06 and 0.07 
per cent. of iron in the two cases. I n  another experiment, duplicating 
the previous ones with jars, a spiral was rotated at 1041 turns and an- 
other remained stationary, a copper voltameter was i n  series with the two 
cells to very exactly measure the current. A current of 0. I ampere as  
shown by the ammeter was sent through for three hours. On the still 
cathode the deposit was 0.3202 %rani of nickel, and on the rotated ca- 
thode the nickel weiglled 0.1691 gram. 

I n  the voltameter 0,3704 gram of copper was deposited. This  gave an 
exact calculation for current of 0.1044 ampere. T h e  current efficiency 
in nickel deposited is respectively 93. j 4  and 49.41 per cent. This  result 
shows conclusively the marked decrease in current efficiency as meas- 
ured by the nickel deposited due to the rotation of the cathode, This  
deficiency is proportional to the speed of rotation. 

T h e  analyses for iron in the deposits of the above experiment showed 
0.043 per cent. in the deposit on the still cathode and 0.08 per cent. in. 
the  deposit on the rotated one. A check on the rotated cathode gave a 
current efficiency of 51 and 0.08 per cent. of iron. 

Using the ordinary compouiid anode containing about 7.5 per cent. of 
iron, the amount of this element present in nickel plate will average about 
0 .10  to 0.14 per cent. 

If the electrolyte is stirred or the electrodes rotated the amount of t he  
iron impurity increases very considerably. 

If the anodes are surroiinded by bags or any suitable filtering medium, 
as  has been shown in the foregoing experiments, the amount of the iron 
impurity is cut down about one half. 

I t  appears that  iron to the extent of 0.04 to 0.05 per cent. will appear 
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in the  nickel plate i n  spite of filtering septa, and is probably tlie result of 
primary deposition by the current. 

The  use of bags over the anodes seems desirable, as they do not ap- 
preciably raise the voltage, and they keep the bath much cleaner and de- 
crease the  iron impurity in the  nickel deposit by about one-half. 

Tlie surprising deficiency of the nickel deposit measured in current 
used, m~lien the cathode is rotated, is interesting and will be further in- 
vestigated with other metals and their compounds. This  deficiency has 
been found to  depend essential!)- 011 the speed of rotation, increasing as  
the speed of rotation increases. Ciitil further investigation no attempted 
explanation of this fact will be advanced. 

Tlie total avoidance of m a ! i  amounts of iron in the nickel plate does 
not seeill possible with the anodes a t  present used in technical work. 

The problem of the  pure nic1;cl aiiode with ail effective corroding 
electrolyte will be further investigated in this laborator\-. 

I,AHORITORS O F  AI'I'LIED ELECTRO-C111:3IIS T R S ,  

Worcester Polytecli~iic Iiistitiite. 

POTASSIUM AMMONOZINCATE. 
h RI:I'RlCSBST.iTIVE O F  .i S E l V  CI..ISS O F  COIlPOLSDs. 

BY ~ ~ I ) \ V . A R D  c.  I I K . A S ~ ~ I , I S .  
Ileceivrd Jiiiie '5. 190;. 

Following the program of developiiig tlie ammonia system of acids, 
bases and salts inaugurated in this laboratory, hZr. F. F .  Fitzgerald' has 
succeeded in preparing an aninioiiia atialogue of the potassium zincate 
which is generally' assumed to be formed when metallic zinc, zinc oxide 
or zinc hydroxide is dissolved iii ai1 aqueous solution of potassium hy-  
droxide. H e  obtained this ammono salt ,  to which he gave the  formula, 
Zn ( S H R ) , .  zSH,, by the action of an ammonia solution of potassiuin 
amide on metallic zinc and on zinc amide in accordance with the equation.;: 

Zii z K S H ,  -+ &%in = Zn(SHK), .zSH, H,, 
Zn(NH,),  i z K S H I  =: Zn(SHK), .2SH3,  

which are obviously analogous to the reactions whereby Comey and Jack- 
sotid prepared the compounds, Zn,O,Na,H,. I gH,O and ( Zti0,2KaH),. 7H,O, 
and Forster and Giinther' tlie compound to which they gave the formula, 
(OH)Zn(ONa)  .3H205. 

Uiifortunately Fitzgerald's work was brought to a sudden end by the  
great earthquake before entirely satisfactory evidence as to the compo- 

This  Journal. 29, 6j6. 
? Abegg's Hantlh. aiiorg. Chetli., 2.2, 3;s. 
' A m .  Ch.  J . ,  11. IAj. 
' %. Elektrocliem., 6 ,  301. 

This latter conipouiitl, it should be noted, is probably identical with the com- 
poniid, (ZiiO,SaH),. 7H,O, of Coniey and Jackson, inasniuch as the two products dif- 
fer i i i  coiiiposition by half a iiiolecule of water oiily. 


