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The Determination of Minute 

Amounts of Gold and Silver from Solution 

Introduction 

The need for a quantitative method for the determination of 

gold from gold solutions has long been felt. This need has been 

especially felt when it was desired to determine the amount of 

gold in dilute solutions. Several methods (1,2,3,4) have been 

developed, but have not received any wide special use. 

It is the purpose of this research to develop a method 

which could be used with large samples of dilute solutions and 

also be applied -to the determination of gold from any solution 

containing gold. Because of the similarity of gold and silver, 

and because they are so often found together it was decided to 

apply the same method to the determination of silver. 

It has long been knovm that metallic mercury can readily 

be reduced from its soluble salts. It is also well kno1vn that 

gold and silver are quite easily reduced and metallic gold and 

silver vnll readily alloy to form runalganas ~Qth mercury. 

Mercury being just above gold and silver in the activity 

series of metals will replace gold and silver from solution, 

leaving salts of other metals in solution. 

If, to a solution containing gold and silver is added 

a solution of a mercuric salt and then followed by a reduction 

of the compounds to the metallic state, the minute particles of 

mercury falling through the solution will act as a good collector 

for the gold and silver particles. The droplets of mercury will 

alloy with the particles of gold and silver and replace from 
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solution any unreduced ions of these metals. Other metals in 
~ 

solution 1Nill~0be replaced. 

When settling is complete the precipitate can be collected 

and assayed for gold and silver. 

Devel9pment of Method 

Solutions of mercuric chloride were used as the source of 

mercury because of its solubility and because it is one of the 

more common and cheaper of the salts of mercury. .1 Molar solutions 

of mercuric chloride were used as that concentration approaches 

the point of saturation. 

Several reducing agen~s were tried but nascent hydrogen 

produced by the action of hydrochloric acid on powdered magnesium 

(4) seemed to give the best results. The hydrogen was libera,ted 

rapidly and produced a violent and thorough agitation throughout 

the solution. The HgCl,_ was readily reduced and gave a heavy 

precipitate of mixed Hg and HgCl which gradually settled to the 

bottom of the container leaving a clear liquid above. 

Powdered zinc and iron have been tried vnth acid for the 

source of the nascent hydrogen. However, these metals are slow 

to react with the di.lute acid used and there is very little hydro

gen evolved. Consequently little reduction of the mercuric salt 

is had. 

A reduction of mercurous salts by the action of ammonium 

hydroxide is a possible preparation of a fall of colloidal mercury 

which could be used to collect gold and silver. 

When stannous chloride '~s used the mercuric chloride was 

reduced readily, but there was no agitation of the solution, which 
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is desirable and the precipitate did no·t; settle readily to the 

bottomcof the container. It was also found that the gold was 
riS 

not quantita.tiyely collected by the precipitate ~ it did settle. 

The first method seemed most promisingJso fUrther experi

ments using magnesium povroer and hydrochloric acid as the reduc

ing agent were made to determine the amount of reagents for best 

results. 

It was found that 10 grams of magnesium powder produces 

sufficient nascent hydrogen and gives sufficient agitation when 

used in volumes of solution up to 10 liters. 100 cc of concen

trated HCl was found to react with all of the magnesium, leaving 

a slight excess of acid- which seemed to hasten the settling of the 

precipitate. 

Experiments were made using the same volume of standard 

gold solution and treating with different amounts of HgClz solution. 

The precipitates formed were then assayed for gold and the per cent 

gold and silver recovery determined. 

It was found that 100 cc of HgCl2 in 10 Liters or less of 

gold solution gave a 99 %recovery of gold. In 100 cc of .1M 

HgClz solution there are 2.7 grruns of HgClz. The ppt formed by 

reduction of this amount of HgClz will weigh about 2 grams and is 

a convenient amount to handle. 

The amounts of reagents used for 10 Liters or less of 

solution are: 100 cc of .1M HgClz 1 100 cc cone. HCl and 10 grams 

Magnesium powder. For volumes greater than 10 liters the reagents 

are increased proportionally. 

The Hg-Hg Cl precipitate formed by the reduction is allowed 



4 

Table I 

Vol of 
Soln 

cc .lM HgClz 
added 

MgAJ+-1 
added 

+
Mg,Ag 
added 

Mg. Au 
recov-

Mg.Ag 
recov

%Au 
recov

1oAg 
recov

ered ered ered ered 

10 L 10 cc 0.79 21.3 .47 20.87 59.5 97.0 

19 L 25 cc 0.79 15.89 .72 15.60 91.2 98.3 

10 L 50 cc 0.79 26.19 .75 25.015 95.0 96.01 

10 L 100 cc 0.79 19.435 .78 19.305 98.5 99.5 

Table showin€; tllil variation in ~.and silver recovery vd:t.h. 

i n creasing ~ • ..o.f. IIgill..g 
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to settle t o the bottom of the container and the supernatant 

liquid is siphoned off. The residue is easily washed out of the 

container and into a filter paper. 

The filter paper with the residue together 1dth about 30 

grams of pure test lead and about 20 grams of litharge is given a 

scarifying assay. The silver and gold are collected in the 

lead by the scarifying process. The lead button from the scorifi

cation is cup~lledj as in the standard assay method# on a boneash 

cupell. The lead is oxidized to lead oxide and the silver and gold 1$ 

left behind as a small bead. 

The bead is weighed for gold and silver. It is then 

parted by dissolving the silver in nitric acid. The gold residue 

is washed free of silver nitrate~ dried and annealed. The gold is 

then weighed on a assay balance. The amount of silver is found 

by difference. 

For the scarification and cupellation a small electric or 

gas heated muffel furnace ~y be used. 

Method Developed 

Mercuric chloride solution is added to the solution to be 

assayed; 100 co .1 M Hg Cl2 for 10 Liters or less of solution. 

Powdered magnesium is added next~ 10 gr of magnesium powder for 

10 L. or less of solution. HCl is next added; 100 cc of concen

trated HCl for 10 gr. of magnesium. The precipitate is allowed to 

settle1 whence,the excess liquid is siphoned offJleaving 1 liter or 

less of liquid in the container. The precipi tate and the remaining 
wtf-h rt~stdu« ther4on 

liquid are filtered. The filter paperAis given a scarification 

with 20 grs. of lith~e a.nd._;30_;gr. of pure test lead. A small 

weighed amount of silver is added. The lead button from the 
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Vol of mgs. of Mgs,of Wt . of .Au Wt . of Ag ~~ recov. %recov. 
Solu- Gold Silver Recovered Recovered of Au of Ag. 
tion Added added 

10 L .04 20.50 .05 19.60 100 98 
'".' .• 1.) 

40 L • 20 19.60 .16 19.08 80 97.5 

2 L .62 6.305 .618 6.082 99.75 96.8 

10 L .62 3.485 .610 3.42 98.3 98.2 

40 L .62 3.29 .600 3.08 97.0 93.5 

40 L .015 .014 93.5 

40 L .015 .015 100 

10 L .079 .075 95 

10 L .395 .380 97.5 

10 L 1.00 .945 94.5 

10 L 1.80 1.74 96.5 

10 L .088 .25 .089 .. 100.0 

40 L .225 2.38 .203 2.30 95.0 82.2 

10 L .0795 24.09 .072 23.498 91.0 98. 

10 L .0795 27.115 . 0 74 26.808 93.0 99. 

10 L .0159 24.85 .012 24.80 75.5 99.7 

10 L .0159 17.77 .012 17.60 75.5 99.1 

T.ahl..e showing recovery .of .gc.ld. and aj l :sz:ar fm ao] utj on a !lf 
AY.Qlz and Ag;NO:J 

Au as AuCl3 
Ag as AgN03 
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scorification is cupelled. The gold-silver bead is weighed and parted. 

The gold residue then is annealed and weighed again. 

Proof of method 

To determine the accuracy of the method runs were made 

on several gold solutions of knovv.n strength. These gold solutions 

were made by dissolving weighed amounts of pure gold in aqua regta 

and <iiluting to a known . volume. 

Known volumes of these standard solutions were then diluted 

by adding to acid bottles of 2-10 and 40 liters capacity. 

The reagents were added causing the fall of mercury. The 

residues were assayed as described. The method proved to be quite 

accurate as shown by the figures in table II. 

The tests have shotvn that the method is quite accurate . 

Very dilute solutions have been assayed. It was found that the 

method is limited chiefly by the accuracy of the balance used to 

weigh the gold bead. 

Gold solutions containing as little as .012 mgs. of gold 

in 10 Liters of solution were assayed. Although, from a percentage 

standpoint the accuracy with minute amounts has not been high, the 

actual amount recovered in these dilute solutions has been quite 

satisf~ctory. 

The more concentrated solutions give very good results and 

the recovery is in all cases quantitative. 

There is also some error introduced by losses of gold and 

silver during the cupellation process. These losses may easily 

account for the losses found 1¥.hen assaying very dilute solutions. 
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Applications of The Method 

This method for the det ermination of gold can)then l 

theoretica~ly be us ed for the determination of gold whenever 

it is present as auric or aurous ions~ as a colloidal suspeqsion, 

or \~ qranide solution. This method could also be used to dete rmine 

the gold content of ores, by first treating the ore with aqua 

regia thereby obtaining a solution of gold. 

The gold and silver in such solutions would be preferen

tially replaced by mercury causing a separation from other metal 

ions in solution. Such a separation simplifies the assay of s~e 

ores. 

To test these theoretical implications runs have been made 
I 

upon the following: gold chloride solutions, colloidal suspen

sions, sea water, gold cyanide solutions 1 and the wet assay of 

silicious and sulphide ores. The accuracy of this method for deter

mining silver is of especial interest when dealing with silver in 

solution in concentrations less than the solubility of silver 

chloride. 

Gold Chloride Solutions 

Gold chloride solutions have been assayed by this method. 

Gold Chloride solutions were used in the development and proof 

of the method. Table II gives figure& showing the accuracy of 

this method for the assay of gold chloride solutions. 

Colloidal Gold Suspensions 

Colloidal gold suspensions have been made by adding tannic 

acid to the standard gold solutions. This freshly prepared colloidal 

suspension was then placed in an acid carboy and assayed by this 
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' RECOVERY OF COLLOIDAL GOLD Table III 

Volume of Wt. of gold wt. of gold %r ecovery 
Solution added -mss. recovered mss. 

10 L .550 .525 95.5% 

10 L .630 .60 95.4 

10 L .945 .915 ' 97.o 

2 L .620 .620 100.0 

10 L .620 .618 99.5 

laQla showing recovery Qi gold frgm colloidal ~ 
solutions. 
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method. It was found that the gold recovery vms quantitative and 

that the concentration of gold in unknown colloidal gold solutions 

could accurately'be determined. It is believed that this method 

can be used to assay any colloidal solution of gold. Experiments 

to verify this belief are under way. 

Table III shows the results obtained in .the analysis of 

colloidal go~d solutions. 

The Gold Cant~ of Sea H20 

Many detenuinations have been made of the gold content of 

sea water. (1, 2, 3, 4). Inasmuch as gold is present in sea water 

as the auric and aurous ions and as a colloidal suspension it 

was decided to apply this method to determine the gold content of 

sea water along the Oregon coast. 

Samples were obtained from the breakers from several 

beaches along the Oregon coast and 62 r u 81J. from Puget Sound. 

The water was d> tained in 10 and 40 liter carboys and 

treated as previously outlined. 

The results obtained . show considerable variation. However, 

they are to be in fair agreement with those found by prev.i. ous 

analysis. (2 1 4). In nearly all cases the gold content of sea 

water is found to be quite variable. Table IV shows the source 

of the samples and the gold content as determined by this method. 

At the present time there are several schemes being advanced 

to set up connnercial plants to recover gold from sea water. The 

promoters of these companies claim to be able to recover two 

cents of gold from a ton of sea water and do so at a profit. 

From examination of the figures in Table IV it is seen 

that the gp ld content is much less than the two cents claimed by 
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Table IV 

Source of Sample Date obtained 
I 

Size of 
Sample 

Mg Au in 
Sample 

Mg Au per 
Metric ton 

Yachats June 1934 20 L .025 1.25 

Agate Beach Sept. 1934 20 L .029 1.45 

Agate Beach Sept . 1934 20 L .025 1.25 

Agate Beach . Sept. 1934 40 L .063 1.575 

Waconda Beach Oct. 1934 40 L Trace 

Waconda Beach Oct. 1934 40 L .01 .25 

Waconda Beach Oct. 1934 40 L .012 .30 

Puget Sound Nov. 1934 36 L Trace 

Puget Sound Nov. 1934 36 L Trace 

Puget Sound Nov. 1934 50 L .003-.005 .06-.10 

Puget Sound Nov. 1934 47l L2 .003-.005 .06-.10 

Waconda Beach Dec. 1934 40 L .008 .20 

Waconda Beach Dec. 1934 40 L .008 .20 

Waconda Beach Dec. 1934 40 L .010 • 25 

Waconda Beach Dec. 19 34 80 L .014 .175 

Puget Sound March 1935 80 L .008 .10 

Puget Sound March 1935 70 L .015 .375 

Puget Sound March 1935 40 L .040 1.00 

Puget Sound March 1935 40 L Trace 

Puget Sound March 1935 40 L Trace 

Puget Sound March 1935 40 L .010 .25 

~ showin~ G:Q.JJi content s:rf ~ wa:t..e..r.. 
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these promoters. Calculations show that the actual content is only 

.1 - .2 of a cent Qf gold per ton of water. 

With the gold content so much less than claimed1 it is 

doubtful if these schemes are commercially feasible at the present 

time. 

The Assay of Cyanide Solutions 

The analysis of cyanide solutions of gold has always been 

a rather slow process by the older and standard methods of analysis. 

If this method or a modification of this method could be used ~ 
) 

the chief difficulty in assaying gold cyanide solutions would be 

overcome. 

Runs have been made on gold cyanide solutions using the 

same proceedure as for gold chloride solutions. However 1 it was 

found that only about 75% of the gold is recovered from the solu

tions when using this proceedure. 

This poor recovery of gold is probably due to the gold being 

present in a negative ion which is unaffected by the reducing agent. 

It is also possible that the cyanide ions remaining in solution 

react~ and dissolve again the gold precipitate. 

It would seem
1 
t hen that t he presence of some material which 

1 

would be mor e reactive ~~th the cyanide than is gold1 would be 

the solution of t his difficulty. 

Some of t he metals that react readily with cyanide are zinc, 

copper. and lead. 

Metallic zinc could be used in place of the powdered mag

nesium to give t he nascent hydrogen for the reduction. However, it 

was found that the zinc did not react r eadily t o l i berate hydrogen. 
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This is due to the formation of a spongy moss of zinc-mercury 

amalgam. There was little or no hydrogen evolved and therefore 

no f ·all of colloidal mercury particles in which to collect the gold. 

If large amounts of zinc are used there is some reduction 

but the excess zinc causes trouble in the scarification by the fonma- . 

tion of infusible scoria, in which there is denger of entrapment 

of some of the gold. 

Copper sulphate has been added to the solution being 

assayed. It was found to give slightly higher results but still 

not a quantitative recovery. 

Further work is being done on the assay of cyanide solu

tions, using a mercury fall produced by the reduction of mercurous 

nitrate and a_~onium hydroxide. 

The Wet Assay of Ores 

The crucible fire assay method encounters difficulties in 

accurately determjning the gold content of low grade ores . In 

the case of sulfide ores~ preliminary assays may be required~ and 

f~nal results are not always close checks . It has been endeavored 

to evolve a method applicable to such ores~ and one which will give 

very accurate, reproducable results. Furthermore it would be 

desirable to eliminate the use of the large muffle furnace~ which 
prop os Qd

the p1 TJ¥Jt: method will do. 

In dissolving the gold from the ore with aqua regia and 

treating the gold solution by the method outlined in this thesis 

we are not limited to a small sample~ and a large muffle furnace 

is not needed . The accuracy of the gold determination is then 

increased. 
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Wet Assay of Silicious Ores 

Silicious ores have been assayed by this method and the 

following proceedure has been worked out flor the assay of gold 

alone. 

The ore is crushed and ground to -100 mesh in fineness. 

The srunple is weighed and treated vath 100 cc of aqua regia for 

every assay ton of sample. The ore is digested for 30 minut.es at 

boiling temperature; the liquid is decanted and the residue washed, 

wash solution is added to the original leach solution. 

The solution thus obtained is diluted to 1 liter, 100 cc 

of HgCl2 solution is added, followed by 10 gr. of powdered magnesium 

and 100 cc of HCl. After the precipitate of Hg-HgCl has settled 
4 scor,hc.att~n

through the solution it is collected in a filter paper and~assay-' 

for gold. IS mode. 

If it is desired to determine silver the sample is first 

treated with 100 cc of dilute nitric acid and boiled for 15 minutes , 

allowed to stand a few minutesJand then the clear solution is decanted 

into the container to be used for the precipitation. The residue 

is washed vJith water and then treated with aqua regea to obtain 

the gold in solution. The wash liquid is added to the original 

solution. 

A few ores have been assayed by this.method and the results 

obtained, compared vJith results by fire assaying~ show very close 

agreement. Table V shows these figures. 

Wet Assay of Sulphide Ores 

The assay of heavy sulphide ores and other complex ores of 

silver and gold is sometimes a rather slow process. The adjustment 

http:minut.es
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Table V 

I 1"8Wet Assay Fi"'e-e Assay 
Ore Type Oz. 1 ton Oz, 1 ton Oz. 1 ton Oz. 1 ton 
Sample of Ore Au A#; Au A#; 

A Siliceous . 52 5 . 40 .52 * 5.50* 

A Siliceous . 515 5.36 

B Siliceous 1.23 38 . 95 1. 23 38 .80 

B Siliceous 1.22 39.20 1.21 39 .40 

c Sulphide 28.70 23.60 28 .70 * 23 . 80 * 

c Sulphide 28 .60 23 . 45 

D Sulphide . 43 . 42 

D Sulphide . 41 . 40 

D Sulphide . 41 . 41 

Table sho;ring comparison of wet assay method with fire assay 

method for gold mLd silver. 

* Average figures obtained from several assays. 



16 

of a flux chsnge that satisfies the requirements of a good fusion 

is often troublesome involving considerable delay in the assay of 

complex sulphide ores . In such cases it is the usual practice to 

resort to scarification in fire assaying. This then places limits 

on the si~e of sample that c~ be assayed and the amount of error 

is thereby multiplied . 

If a scarification is not used 1~ it is necessary to 

conduct preliminary assays to determine the reducing power of the 

ore and to determine the proper balance between reducing and 

oxidizing ingredients in the flux change. It is also necessary 

to balance the other ingredients to get a fluid slag and a soft 

button of lead. 

A method that overcomes these handicaps would~ then~ be 

welcome. 

Tests have shown that sulphide ores can be assayed by a 

modification of the proceedure developed for the wet assay of 

siliceous ores. It was found that a much larger sample could be 

taken end that time lost in adjusting flux changes was eliminated. 

Several sulphide ores have been assayed. Prefexing the 

procefdure developed for siliceous ores# the sulphide ore is given 

a dead roast. This roast oxidizes the sulphur to S02# eliminates 
ana e$ 

other volatile oxides leav~ the oxides of other metals behind . 
) 

It had been found that upon the oxidation of a. sulphide 

ore by nitric acid considerable amounts of free sulphur was formed. 

It wa.s also found that whenever very much free sulphur was formed 

results were not consistant. These· irregularities are probably 

caused by the entrapment . of gold bearing particles in the sulphur 

~nich thereby escape the action of the acids . The roasting process 
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removes the sulphur as the oxide before the treabnent of, the ore 

;dth acid 9nd therefore the gold is not lost by inclusion in 

sulphur particles . It was found that samples that had been 

roasted gave very consistant results that compare favorably with 

the results obtained by fire assay methods. See Table V for this 

comparison. 

S'lllTl!!lary 

Experimental results show that a fall of minute mercury 

particles~ produced by the reduction of mercuric chloride by nascent 

hydrogen~ vnll quantitatively collect ionic or colloidal gold and 

silver from solutions. The gold content of solutions can be deter

mined to within 0.01 milligr~s in 50 Liters of solution. The 
onlY 

accuracy of the silver analyses is limited~by cupellation losses. 

The presence of considerable cyanide in solutions of ionic 

gold is found to decrease the recovery of gold from these solutions. 

Oregon coast and Puget Sound sea water has been analyzed 

for its gold content. The results obtained indicate a gold con-

t~nt of 0.1 to 1.5 milligr~s per metric ton of sea water. 

A wet assay of ores has been developed which is particu

larly applicable for determining gold in low grade and in complex 

heavy sulfide ores. 
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