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ELECTRODEPOSITION OF LEAD FROM PERCHLORATE BATHS.

By Franx C. Maruzss,

General Statement,

The electrolysis of most solutions of lead salts gives a loose
crystalline deposit upon the cathode, which is valueless for refin-
ing or plating purposes. Betts has patented the use of a lead
fluo-silicate bath containing free fluo-silicic acid and small
amotmts of gelatine or glue. This bath gives dense, non-crystal-
line deposits which are commercially valuable? Without the
glue or gelatine, loose crystals are formed, such as are charac-
teristic of the nitrate or acetate baths. “Fluo-silicic acid has
some specific property not possessed by the nitrate and acetate
solutions, and the solid deposit is not the result of the gelatine
alone.” The addition of gelatine to acetate or nitrate baths
does not give satisfactory deposits.t

The author® has found that a solution of lead perchlorate con-
taining some free perchloric acid and a small amount of an
addition substance, such as glue, tannin, licorice, but preferably
peptone, works very satisfactorily as an electrolyte for the plating
or refining of lead. Cathode deposits may be obtained over
an inch in thickness, very smooth and of a density 11.36.

Lead perchlorate, Pb(ClO,),.3H,0, possesses many properties
that are ideal for making electro-plating or refining baths. It
is “extremely easily soluble in water—one part of salt dissolving
in about one part of water.”® Tts great solubility permits the
making of solutions of any desired concentration without danger
of the crystallization of salts. It is not decomposed by boiling,

10. 8. Patent, 713,278,

2 Betts, Electrachem. Met. Ind.,, 1, 407 (1003).
Ulke, Eng. Min. J., Oct 11, 1902,

3 Senn, Z, Electrochem., April 14, 1905,

¢ Kern, Trans. Am. Electrochem. Soc,, 15, 454 (rgog)
SU. S. Patent, 931,944 (rgog).

% Comey, “Dictionary of Solubilities
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by alkalies, by acids or by electrolysis. It is unacted upon by
the air, and cannot be reduced by nascent hydrogen—not even
by the zinc-copper couple. It can only be decomposed by fusion

with sodium carbonate or with sodium nitrate. It does not easily -

give basic salts. When electrolyzed, it gives dense, solid: deposits
spon the cathode. The efficiency of corrosion of the anode and
of deposition on the cathode is near theoretical, so the composition
of the bath remains approximately constant. It does not corrode
glass or earthenware vessels, which is an advantage, at least
in laboratory work. It conducts the electric current extremely
well. Perchloric acid solution has a conductivity near that of

hydrochloric acid and greater than sulphuric acid.

Equivalent
Gram Conductivity
Equivalents Percent at 18° in,

. per Liter Composition ¢, Q. 8. units,
- . xlo\.'l
HCI 0.03 0,100 3581
FICI0,7 0.0312 0.313 3840
H.50,7 0.03 0.147 2673

H,SiFs. ) 5 percent greater

than H.S0,.*

The specific conductivity of perchloric acid of about 35 percent
strength is 0.8395° (temp. 40°) compared with 0.8257"" (25°)
for sulphuric acid of maximum conductivity (30 percent).

. Preparation of Materials.

Sodium perchlorate was used as the starting material for the
preparation®? of the perchloric acid. The solid, dry sodium per-
chlorate was treated with an excess of concentrated hydrochloric
acid. - After thorough stirring to break up lumps, the mixture
was filtered through asbestos and the residue of sodium chloride
was washed with snccessive small portions of concentrated hydro-
chloric acid. The filtrate, consisting of a mixture of aqueous
perchloric acid, hydrochloric acid and small amounts of sodinm
perchlorate, was heated on the hot plate until the temperature
reached 135°. This completely volatilized the hydrochloric acid
with only an insignificant loss of perchloric acid. This aqueous
perchloric acid is stable, and is no more dangerous to handle

“Whetham, “Theory of Selution,” Igoz, pages 4I0; 436 and 437,

& Betts, “Lead Refining by Electrolysis,” page 2I.

# Unpublished work by A, F. C. Germann, in this laboratory.

1 Tower, “Conductivity of Liquids,” page 35.
11 Mathers, Jour, Amer. Chem, Soc., 32, 66 (1910).
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than nitric acid. Impurities, such as sodium chloride and sodium="
chlorate in the commercial sodinm perchlorate, are entirely elimi-
nated by this method, and are only objectionable since they act
as filling agents, reducing the quantity of perchloric acid that
may be obtained, The lead perchlorate was made by neutralizing
this aqueous perchloric acid with litharge. There is no need
to use white lead for this reaction, except perhaps for the sake of
speed in the neutralization of the last small amounts of the per-
chlgric acid. In the preparation of lead fluo-silicate, the fluo-
silicic acid must be neutralized with white lead, because litharge
is strongly enough alkaline to decompose the fluo-silicic acid into
silica and lead fluoride. Perchloric acid is a stable acid that is
not decomposed by an alkali, Perchloric acid may also be made
by treating barium perchlorate with sulphuric acid. It is neces-
sary to heat the perchloric acid thus obtained until the temperature
reaches 135° in order to volatilize the hydrochloric acid, since
chlorides are generally present in the commercial material. It is

" hest to use an excess of sulphuric acid, which is precipitated later

by the addition of the litharge.

The {free perchloric acid in the lead perchlorate haths was
determined by direct titration with standard sodium hydroxide
using methyl orange as an indicator. ‘The results obtained by
this method are approximately correct. ‘The lead was then deter-
mined as lead peroxide by deposition from a nitric acid solution.

Beakers were used as electrolyzing vessels.

The lead ancdes were cast in graphite molds. They were
suspended in the bath by means of copper wires passing through
holes. Two anodes were placed in each beaker. ‘The cathode
of copper foil was suspended between them. The volume of
the bath was 400 c.c. in most of the experiments, although baths
containing 2,000 ¢.c. were used in a few experiments. The solu-
tions were stirred by a current of air during the day and by a
current of hydrogen gas at night. The hydrogen generator was
so connected that it automatically kept up the current of gas at
those times when the laboratory air blast was not running. A
very slow current of gas through the solutions seemed to be the
best laboratory substitute for the circulation of the electrolyte
from tank to tank which is practiced in commercial work. The
worst cbjection to the use of the current of gas is that it stirs
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™up slime from the bottom of the vessel. = Some of these impuri-
ties adhere to the cathode. This greatly lowers the purity of the
deposited lead.
“Addition Substances.”

The lead perchlorate bath does not give good deposits without
the use of some “addition substance,” except at very low current
densities. Numerous experiments were tried, using high concen-
tration of perchloric acid and of lead, but no satisfactory results
were obtained.

The addition of small amounts of certain substances to platmcr
and refining baths for the purpose of eliminating or restraining
crystals and of improving the density, color and smoothness of
the deposits has been a very conumon practice, or, at least, has
been frequently described.*®

Perhaps the best known example in commercial work is the
use of glue in the lead fluo-silicate bath described by Betts. . His
patent calls'® for “reducing agents,” and he finds that “gelatine,

pyrogallol, resorcinol, saligenin, orthoamidophenol, hydroquinone
and sulphurous acid” are available. He recommends gelatine
because it is the cheapest and gives the best results.

In the course of this work many different addition substances
were tried. ‘Tannin, pyrogallol, resorcine, licorice and eucalyptus
extract all helped to a considerable extent, but “trees” would
form at the corners of the cathode whenever the deposit reached
a certain thickness. Tannin might be successfully used if no
better substance was available. A high-grade gelatine, which
was purcliased for use in bacteriology, gave poor results. A com-
-mercial grade of glue gave fair deposits. Ordinary commercial
crlue, which is used in the lead fluo-silicate baths instead of the
more expensive gelatine, is a very impure product, containing
many things, among which is found a variety of peptone. Analy-
ses't of some samples of glue and gelatine show :

Percent

. of Gelatine
“Gelatine” L ..eiii e 20,95
Superior glue ....... e e 51.08
Common gHE ...veeiiirininnananriins 23.71

12 Rern, Trans Amer. Flectrochem. Soc., 15, 441 (Igog)
Watts, “Electrometallurgy,” 18ps5, pages 135, 4
McMillen, “A Treatise on Electrometallorgy,” ngu, page 9.

18 Betts, U, §. Patent, 713,277 (1ge0z).
1 Allen, “Commercial Organic Analysis,” 4, 479 {1898).
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Any decomposition of gelatine or glue by ferments or acids

forms gelatin-peptones or gelatones. Irom the fact that the
purest gelatine for bacteriological use showed a less beneficial
eftect upon the lead deposits than a low grade comumercial glue,
the conclusion was drawn that some impurity in the glue was
responsible for the good work. Glue which had been warmed for
several hours with perchloric acid to form gelatin-peptone was

tried. The results were uncertain—sometimes good, but more

often bad. Acting along the line of this theory, meat peptones
were tried, Two different brands of these meat peptones were
used—Wittes’, probably the purest to be obtained, and a com- |
mercial sample from Merck, which was five years old and badly
decomposed. Both gave approximately the same results, conse-
quently Wittes’ peptone was used on account of its greater con-
venience and lack of foul odor. Experiments showed that about
0.03 to 0.05 grams of this peptone per 100 c.c. of solution was
required. This quantity should be renewed after four or five
days, in other words, after the passage of about 25 ampere-hours
per 100 c.c. of solution. An excess of the peptone did not have
any bad effect. The baths did not become ill-smelling even after

-long runs. There is some material present in or is formed from

the peptone which separates as a paie yellow flocculent precipitate.
This precipitate is not always formed, and the conditions for
its production are not known. The presence of this precipitate
does not interfere with the working of the bath in any way.

Experimental Dala.

The current yields are near to the theoretical, as shown by the’
following table:

Cathode Anode

Gramns of | Amperes
Cn in per Volts

Coulometer| $q. Dm. Grams Lead|  Vield GI;?“&S Ampere

Peposited | Percent | piiileq | MMciency

4.6475 2.8 0.2 15.1526 99.77 15.21IT 100.15
1.2350 - o.22 4.0277 99.8 4.0828 I0I.I
0.7290 1.2 PR 2.3725 99.0 2.4124 I0I.3
1.4283 z 0.3 4.6580 09.8 4.7027 100.7
1.2054 1.4 0.2 3.7246 99.6 3.9656 100,7
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The Iead foz t]ze 'mode~: 11'1(1 beeu once 1ehnc§ but: even: then a

o bath
rf1eate1 than 100 pelcent In some. of his ex puuueués [he 'mo(le_.
'Lor1os1on efhmenmeq i peicent avere: as: follows - 10T, oy 101.8)

11013 and’ 1oL 'Thl: 5110\\ that the nce ﬂuo sll'

* emiall quautlt\‘ of slime was- formed;  Betts has: Hhowu“ that
anodes of triplé 1chned fead, which dissolve in the fead Auo- q1l1mtc_'.:
dthout tht, fornntzon of kimze gave: LDl&OHlOll cﬁieicnme:.-

Nis: photogmpll sho“n the generni 'lppn"lrnnct. ul‘ Ie'ul C"lﬂiod 5 1 1e
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'raduallv chanﬂred to }Lad ﬂuo -si 1(:'1te \ftu a i:1mc the b'1t1

X .'ccmt'uned percent lead and 5 percent free pelchlouc '1(:1([
Grams dmsol»ed sncr Sq

. Platinum’ wire 10 i 04pg!

a6 Detts; ’Prnns. ._f-\.r.ner. Elect.ruchen.} Soc, 6, 67 (1904)

S

'-'--inﬂht even become alkaling.” This e\tm loqq from tlle tmode isy
g doubt, the’ result of chemical solution' by the " free. acid:in =
_;'_the bath: The pelehlouc acid-in the perchlorate b'lth dlsqohes'.:'
lead one open circnit, as shown by the following table.. Tlie bath:

L Lcnd suspcnded by IR ;\'1-1:_:: of lead ~ . dm, per 24 howrs:

G Cotton string T 10 | 0.339; 04140 _'

LL\D I‘I\U\I PLRLHLUL\lD E\'l‘IIS L 367

ko (,outact wlth the l)ldtlllulll wire mcu:ased the actlcm Just as

- would De, _expected. The finely divided le'ld in the anode slime
__'\\ ould be more rapidly attacked than the massive lead, due to the
- " greater surface exposed and to contact with more positive metallic
' impurities.. . The above exper riments were made with refined lead :
“iwhich would dissolve more slowly than, bullion. .- The free per-
' chioric acid which is thus gradually néntralized must be restored..
'-.'.']‘wo methods were: tned :: When: eEectmI}sz with: platlnum
o anodes, he obJect:on is that qome lead: peroxlde is formed on,
“the anode.  Of course; the cost of platmum would p:esent diffi-.
'.:-cultles A commerclai worlk, Giap]nte cannot: be: used, because_

it d:smtecrrates dmmg eIecttoI\ sis. A snnpler'method is to:add. -

. _"the reqmred amotnt of’ suiphunc ac1c1 to a portion of the electro- :
: _--_"I}te Lead sulphate is" precipitated and pe1chlo_1_1c acid: 1'emams'_-.

The ﬁltlate is returned to the bath -Th1s clmnuutlon

o in. ac;chiy 1§ not 1-1p1d It is rrle'lter of ceurse,' w1th baths ccm—-.'
-.tammg iarge amounts of ac1d Tlus 111:1}3

U Loss of OO,

'Pe"rcenl' of B
“in: Percent, Per Day

: Amd in the }htll

16
45
19

c'nt Dcuszty Many thmﬂ‘s hwe an. eﬂeet upon the p1ac~' '

_'__t1cabie ‘current. clenslty A high current deuslty is iavmed by
__.-'_'concenhated solutions, high pexcent ‘of’ flee acid, Iarge amounts
“‘of peptone, and good stirring. \/Vlth 5 percent  lead; § pe1cent
- perchloric acid, 0.05 percent peptone and enough s‘cunnlT of mix-
Cing’ of the solution to prevent large d1ffe1e11ces in concentration

between the top and the bottony, a culrent densxty of from 2 to 3

amperes per. 5. dnt. (18 to 27 'unpeles per:sq. ft.) gives good -
" deposits,” as shown by the accompanymn' photoglaphs With
‘. .Iou,er current densities, less carc: necd be taleen  with stmmg,-
- proper. spacing of the electrodes, acmht), and quantity of peptone.
_"'I‘Oi' plating pmposes Jow current densities’ are recommended.
.- With' o4 amperes per sq. dec.; faiy deposits may be obtained. -
- from baths containing only. 0.2 percent free perchloric acid. With .
_'!nn'her cuarrent densities, these neutral baths give poor dep051ts, :
: '.'even wheu la:ge amounts, of peptone are used. - n
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Voltage: The 1e1auou bet\\ een’ concentration of the so%utiou.i
current density and’ fall in potential or volts is shown in the .
folEowmg table. - These nieasurements were made upon- bathis _
which'had been running for sevezaI days and which were crwmo‘-':'_ i
excellent deposits . The anodes wete of ordmary comme;cml lead'._-' RE
froni:a plumber’s scrap pile. Two anodes were used—one on:"

eachside of. the cathode. " The anodes had been’ made purposel), R
‘smaller than the “cathodes’ to prevent, as nmch as poss1bie, the'{' S

'tIucheumg’ of the cathodes at the’ edges.”

. i_ amp pcr sr| dcc HE- amp, per sq. dec.;-4 amp. per sq. dec; 54 pmu,nt iend 4 g

- percent 1acrch§0rlc "I.cld., 8.05 pucent 1)Lpt0=u: v

R S Etpmunem‘r RS
Composmon of the bath 4.5 pelcent HCEO{, 5.4 pe1cent lead :

"and 0.05 percent peptone. The distance between anode anc[ B

cathocle was 2. 2. e,V olume of the solut1on was 400 c.c..

Amptres Ier Sq ‘Dm

Auode Cathodt’ ) ) ‘.-’oits

3.2 1.6 0 oaer

400 - 2@ - I 0.27 -
. 56 28 : ) 0.38

T80 40 : ) " 0.53

. E.tpei‘mzmt
Composmon of bath: 6.1 percent HCIO*. 713 pe1cent le'ld and

- 0.05 percent peptone.” The distance between anode and cqthode '

‘was 4 cn Voiume of solutlon was 800 c.c
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Amperes Per 8¢, Dm.

Anode Cathade Yoits
1.0 0.21 0.08
2.2 0.45. 0,15
26 .55 .18
3.8 od - : 0.25
42 0 L0g T 0.20
3.0 R : 0.30

6.2-_ 2;_-- 0.34

The Ie*;uhs were the’ sanie wnh new 'modes or w1th anodes
o that were covered lightly w 1th sltme containing enough mercury
' to give a bnght color. :

szﬁ ccrtrou. R c.mlts

s The punty of the deposﬁed lead ‘which 15 obtamed by the
_-.-elect1olv51s of this bath is showi 1 by the 1ccompanymg analyses
: _-: of the dlﬁerent products. L

cu. Sb. L Phe it B as e | Ag Bi.
Percent | Percent i Percent: | Percent. [. Percent |{ Percent

..t!';‘;t'pr;_v'rﬁé}u;_ {.1) .

CSlime: ... | 1.89 '37.56 1 649 | _' 6.29 | 30.83 -
cBullion ™ .'. | 0,18 L5 LA oy | 1,48 0.87

Reﬁned Metal | ¢.003 0,004 | 09.984 | mone 0.003 0.004
! ..]'11‘11') mrt‘ut (.7) ) = e : .
< Slime’.". . . 83.0 T X - O L T

Buollion . . . 045 1 .. . o i e e

Refined Metal 00007 | v . sy e e
: I;’,r'lﬁ'frr}.;_rbnf {1} 3 !
ST |03 - SNKIDATU RN INVCUF SR ISR I8 SURCUIE PP (<1 30T

_Bulllon ; 1.84

Reﬁned\{etal A T A none

CIn these e\penments th(. copper. antmlom' sxlver arsenic and

" bismuth were added to the bullion in order to obtain a low-grade

. ‘material.. The anodes were suspended with platinum wires to
“avoid a slight contamination. with. copper which resulted when
~.copper wires were used. The: copper connecting wires, while
- not attacked very 1ap1clly, nevertheless become app1ec1ably smaller
" after being used for a long time in making connections to the -
“anode.. This might be avoided if the copper was cast into the
" anodes and not mere]y hooked through holes. The fact that
:'-_these copper wires, in contact with the anodes are only very. -
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slightly attacked gives a striking visible proof that lead may
be easily purified from copper.

The analyses show that the refined lead from very impure
bullion contains only minute quantities of impurities. These
impurities®® are, for the most part, due to the method of circu-
lating the solution by a current of gas. This stirs up the
slime from the bottom, some of which adheres to the cathode.

The slime contains only a smalf amount of lead. This is impor-
.tant, because it simplifies the subsequent treatment for the recov-
ery of the valuable metals which are in the slime.

Loss of Perchloric Acid.

Some of the electrolyte is always mechanically trapped or held
within the metal of the cathode. The loss of perchloric acid
caused by this was determined by fusing portions of the cathodes
with sodium nitrate. This treatment decomposes the perchlorate
into chloride.’® The chlorine was determined by Volhard’s
method, and was calculated into perchloric acid. The resuits are:

Gms. of Chlorine Percent
Gms. of in terms of Loss of

Cathode Perchloric Perchloric
Used Acid Acid
Very smooth cathode . . . 25, 0.0041 0.018
Very rough cathode . , . 18, 0.0035 0.02

This represents a loss of about 0.4 pounds of perchloric acid per
ton of lead deposited.

- The perchlorate baths, which had been used for months, did ot
give any test for chlorides with silver nitrate. This shows that
there is no loss of perchloric acid by slight reduction.

The slime, even after careful washing, contains some of the
perchlorate of the bath. One sample of slime showed, 1.1 per-
cent of perchloric acid. This result includes the chlorine from
chlorides calculated to perchlorate. Some chlorine had come,
perhaps, from the dust and fume of the laboratory. These
chlorides, during electrolysis, would unite with the silver of the
anode and thus remain in the slime. The total loss of perchloric
acid in the slime represents a loss of 1.1 pounds per ton of lead
refined if the bullion contained 5 percent of impurities.

.
9 Kern, Trans. Amer. Electrockem. Soc., 6, 39 (1504).
17 Mathers, Jour. Amer. Chem. Soc., 32, 66, {191. ).
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Thus the total loss of perchloric acid from unpreventab%e
sources amounts to about I.5 pounds per ton of 1eald refined. This
does not include any loss from leaky tanks and pipes or careless
handling. ' -
| Precautions.

Chloride and barium salts must be abseut‘; A ,P?th that ??s
been giving good deposits will fOI‘l:ﬂ very bad trees it zh qduatn lig
of hydrochloric acid or some barium perchlorate 1s adte11 ’ odis-.
The injurious action of these substances was accidentally j
covered from the fact that some baths,' made from rez}geutfr {:0:1e
taining these impurities, would not give g.oo‘d fjepc;susl.) X 01;3];
are, perh:aps, other salts that wou.ld act injuriously, bu v
those mentioned above have been tried.

' SUMMARY.

This paper describes experiments with the lead perchlorate
plating and refining bath. The properties of'lead per'chlora.te:
which are of special value in a plating or refining solution, are:

1. Great solubility.

2. Cathode deposits which are smooth, dense and free from

“trees.”
3. Approximately theorefical corrosion
deposition upon the cathode. o
4. Absolute stability under all conditions to_whlch it is sub-

jected in a plating or refining bath.
5. No polarization from the formation of lead peroxide on the

anode, ‘
6. Very high electrical conductivity.

The bath should contain about 5 percent of lead, 2-5 pe1:cen’;
‘of free perchloric acid, and 0.05 percent of peptone. A cu;rfetn)
density of from 2.3 amperes per sq. dm. (18-27 amp‘;1 p;z s.q.beilt
may be used. The peptone is grac!u?llly used up, an 1; bel Z oy
four days a quantity equal to the original arr}ount shou he 211 ; _
The free acid, which is very siowly neutralized by chemita 'SObL{
‘tion of the lead, must be restored by the treatment of a §L11ta 'de
portion of the solution with the right amount of sulphuric actd.

of the anode and
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This precipitates-lead sulphate and leaves perchlioric acid in soly-
tion. The filtrate is to be returned to the bath, The bath gives
excellent purification, the cathode being about 9g.98 percent pure.
The deposit is smooth, coherent, and has a density of 11.36. As
. a plating bath, the lead perchlorate solution works exceptionally
well on account of the absence of “trees” or loose crystals on
the edges, even when the deposits reach a thickness of an inch.
The bath shows no deterioration with use, and gives as good
deposits after two months as at the beginning if the concentration,
acidity and the required amount of peptone are maintained.
From the successful results obtained by the above method on
a laboratory scale, I see no reason why it cannot be applied on
a commercial scale especially for the plating of lead, since the
deposits are of exceptional smicothness and are entirely free
from “trees” or loose crystals on the edges or points.

University of Indiana.
April, 1910,

DISCUSSION.

Mr. A. G. Berrs (Communicated )¢ A correction should be
made of the ratio of the conductivity of sulphuric and fluesilicic
acids. 1If the reference is consulted the ratio will be seen to be
62:57, or a difference of about 9 percent.

Probably perchloric acid is not entirely stable in the presence
of metal electrodes, and especially in that of metal sponge or
anode slime, It would be interesting to know whether or not
appreciable quantities of metallic impurities go into solution from
chemical action of the acid on the anode slime.

The favorable result obtained when using perchloric acid as
basis of the lead-depositing electrolyte should be ascribed to the
fact that it is a strong, 1. e, strongly dissociating acid, and prac-
tically non-oxidizing, at least as far as the cathode surface is
concerned. No good lead deposit has been obtained when the
basis of the electrolyte is a weakly dissociating acid.

Dr. J. W. RicHarps: 1 regard this paper as a very important
addition to our knowledge of the electrometallurgy of lead, and it
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is particularly interesting as showing some mare of thc.a PP?Slbﬂ;
ities of addition agents. I am convinced that _the: possibilities o
addition agents in various ﬁel_ds of electrf)lysm.:s by no means
exhausted, in fact, have just begun to be 1nves.t1gated. .

I was informed yesterday of an e]ectroplatmg.process bemﬁ
worked on a commercial scale in which the :’:lddlth'n of a sma
amount of an organic addition agent, one entirely _d1ﬁerer_1t iro;ln
any that has so far been proposed, permitted the increase o 21 e
current density to three times its formfar strength and Produce z;
plating of even better quality. The sm3p1e use and discovery 0_
this addition agent increased the capacity of tl:le plant 200 peg
cent. I am not at liberty of giving further det:cnl‘s‘ c?f the met.hf) ,
but I state this to show some of the latenF poss1l')111tl1es of addition
agents and the value of research upon their applications.

Mr. J. S. GopBAuM: A very recent German paper has
advised the use of lead boro-fluoride as electrolyte, a‘lsch) with a
recommendation of the use of gelatine or peptone. This is a very
complete and interesting paper.

18









