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% PRESENCE OF PHOSPHATRS ON THE
ADSORPTION OF ACID DYES BY MORDAN TS,

INTRODUCTION.

Salts have long been used in the dye baths
for the purpose of restraining or assisting the dye-
nave possidly found more gemeral use than any others.
Hany attempis have been made to edvance a satisfaoc-
toxy theory to explain the effeet of these salte upon
the dyeing prooess but none armmpmnm
+irely m&atmtm, The veason for this aoems to be
the lask of quantitative date based on investigations
in whieh all of the varisdles affaecting the dyeing
process have been gontrolled. ¥o ons theory of dye-
ing has been found sdequate to explain all of the Aif-
ferent methods of attaching the dye to the desired med-
ium. Hence, it is possidle that it may be necessary in
explaining the motion of saltas to have a different theary
for eagh elass of &yeing.

Besently it has been shown that the dyeing of
mordents of the type of hyfrous ferric oxide and hydrous



alvminum oxide with aeid 4yes is a pure ohemieal resetion
4in whieh the dye forms & compound with the mordsnt®

Sinos this is estadblished 1t was thought that a reason-
able theory for the astion of salts in the mordanted

dye baths misht bde evolved.

The objeet of this plece of work wes to obtain
qﬁan‘kitﬁtiw asta em the sffeet of '@a&m’%as in the
motgtian of aold dyes by mordantz and, on the Bﬁsia ‘
of this, to arrive at some satisfactory explanstion for
their behavior. |

HISTORICAL REVIEW.

In the dyeing process two general classes of
golor substances are umed: those whieh will dye 'ﬁm
fiber directly, and those which will only dye & mater-
ial moxdanted with a metallie sali or hydrox
with the addition of a metallic salt to the dye bath.
The first olsss has besn named by Edward Basneroft in his
"Ireatise on Dyeing", "Subatantive Dyes" and the latc.
"Adjective Dyes". ZEmecht in his "Msnual of Dyeing”
tells us that "in a pare state the adjective dyes are
only slightly walam and when used salone in dyeing
they give rise to woribless results. PEut when used

*
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definite esompounds with both iron and sluminum mordsnts.
In order %o ﬁimtinguidh:tham from other ecmpounds wh ioh are
addsd to the dye bath and ih&uh dc not take any'pat# xﬁ-
the ultimate solor, mareaa&a are condgidered substsnoss
which partly or wheolly conbine with the dyestuffs and
fix them on the tiﬁur,

Hordents nay be slassified as aeid or basie.
The aeid mordanta, of which the tamning sud Latty scid

sompounds ere the most important serve for the fixation

of basic dyestuffs end metallie oxides. They are often

used for fixing basic mordants or the fiber whieh then

sot as the true mordante in dyeing. Their chief use

is in the dyeing of sobton end linem and in weighting silks.
The hasievmara#nts eontain the hydrated oxides

of the heawvy metals as thair'antitﬁ a«n&titnent;f of

this olams the most important are compounds of alum

'ahromiaﬁ, iron, copper, and tin. These mordanis serve
for the fixmtion of scid &yestuffs. Sometimes a double
mordant is found desirable, in which ¢ase the oxides of
magnesium, zing, cobalt and nickle are mixed with
those mentioned above.

The proecess of dyeing, with a mordant is
earried out in aeid, alkaline, or meutral bath de-
pending unpon the material to be dyed and the aynatuxf
uged. Cotton is gemerally dyed in alkaline Beih and
wool in neutral or acid bath. The temperature employed

-



and the time ellowed for the operation also depends
upon the material to de &3@§,x»§éanrally.a boiling
8olution is used and the process esrried om for one
hour.

Pifferent maﬁh@&arawﬁ vsed for neking the
metal compound attach itselfl to the Tider. The com~
nosition of the mordant in the fiber thern will vary
with the fixing process. Aluminum occurs almost
always as & hydroxide either from hylrolysis of its
salt or armonium hydroxide may be added to hasten the
actipn, Phosphates and arsenates are offen added for
the purpose of fixing the metal, in which case the mor-
dant will eaﬁtuin some of the metal ph&aghatb as well
g8 the hydrox:ide.

Besides the materials mentioned above 1t i@
cormon practice to add to the dye Bath varicus salts,
acids, and bases, which have for their purpose assisting
- or restraining the 4yeing process, Sodium sulfate,
'godium ehloride and sodium phosphate are the salte oftem
uged, and at times almost a8ll of the sorvom acids have
been employed, sulphurie, scetia and formie are possid¥:
chiel among th#ﬁﬁ}"ﬁhﬁﬁ sa1§hnr1# aeid is used with
acid dyes it inereases the rate a: sdsorption on wool
very gwwaﬁfy end sodium sulvhate is added to deercese
this, thus sssuring a mueh more even distribution of the

>



dye on the fiber. dJ. K. Wood® in his *Chemistry
of Dyeing" attempis to explain this actiom by say-
ing that the soeid resots wi_ih the salt of tha dye
”% form the free colour acid lmm is taken uwp by
the fider., i‘m ﬁyﬁregen 1@ of ithe sulphburic acid
would by the eommon ion effect decrease the solubil-
ity of the color seid. The addition of éaaim sulfate
causes sodium acid sulfate o be formed, which de-
greases the hydrogen ilon econeemtrailon and thus de-
oreases the rate of adsorption of the ﬁym"'lﬁ' has
been shown later that thie coneeption is not trus
since ’tim color aesid does not- ﬁye any better or fast-
er than the salt of the dye% Mrafta cffers the
following explanation: '#Eim sodium as an ion m a
relativiyslight effeot on ﬂm adsorption and anlfaﬁa,
a8 sn wn, a relatively large m. it follows that
sodium sulphate will eut down the adsarption of m
acid dye and will tend to strip an seid dye which has
already bsen adsorbed.”

Possibly the first quantitative work pub-
‘lighed om the effeet af salts on the adsorption of dyes
1z given by Pelet-Jolivet! His work was carried out
'ugﬁcn' wool without a mordant px&aaﬁt. | In the i‘@llewing
table he shows that hoth saﬁi\m acid phosphate and
Ww sulphate inersase _‘éim sdsorption of methylene

-
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Jolivet maken the following observation: "From these ex-
periments 1t ia olear that %he negative 50" amd PO
ions heave ineressed the m:{ag of methylene blue while
the positive ions of barium and platinmum have dscressed it.
The ioms of the elestrolyte act an dyeing su they do on |
the precipitatiom of solloids sinece they follow the val-
enoy rule,” It will be observed that these results 4o
not take intoc aceount the effeet of the alkalinity of the
solution which iz increzsed hy the sodium ﬁmahmam
phosphate srnd not by the sodiun suifate. Hathylene bDlue
is adsorbved much greater in & a:amm solution than in
an acid or neutral;tiis would sceount for smme of the
affeoct w&rim to the ;;hala_ghaﬁa ion. Although, as will
be shown later the phosphate ion does have a decided in-
finenoe. |

In the mmum of seid dyes Pelei~Jolivet
Tound the effeet of addition agents Ata be sxaetly opposite
$o0 that in busis ﬁmg He first earried out mrinénts
using different acids to mxniah tkm wm‘kwa fons,
{loe. eit.)

5 m wey 200 90, Crystal Ponoesu (asid dyes)

» :
i dign Crystal Bonceau adacrbed.
3 s : it "“3’6 v
se K/ 10 seid | RC1 " HgS0, : 3‘3 :
. : “ o § gg w .
: 3 4 B , E ; o
: 1.3 P lgs [ 104 : lgg :
28 P oo3m G A88 2 :

ig



In this ease ;ﬁm'kaﬁ-m 1@ in the order of

‘hydroehlorie, sulphurie, phosphorie seid. But this

#ﬁ}:‘a@wﬁ;saﬁ is not antmly trus sinoe these ui&n 4o not

glve the same hydrogen ion aammbr&tim and this hs;g

- beon shown by Relmmuth mﬁ &axésm, Briggs ardl Bull,

and Gordon and &am:-‘g’, to be & very mﬂﬂw‘% Taotar .

The next experiment taken from Pelet-Jolivet oversomes
this objeetion by sdding = neutral salt to the bath of
an aold &ye. I mtak::mgm 1iberty to qﬁata; the ex-
periments directly both from a historie viewpoint md
as will be seen later they have & direct bearing upon
the treory cﬁ’ the sotion of the negative ion of the
addition agent,

] grm wool, 200 ec. Crystal Tonceau solution.

b

1 .
; : 2 Mgs, dye mmrm ‘
i % 4ye sol. 3 0c. 1N Hzﬁ%.,m £m H%&G‘. aaﬁitimi
3 1 H 68 ; 56*3 : 41.7 :
: 2 : 113 : 59.8 | 62.8 |
H 3 : 180 : 64.8 . 6.5
¢ 4 1 178 . 70 .8 . %.5 .

2 grems wool in 800 gm &4 Crystal Poncssu. .
: addition to datn ¢ Ade. aﬁ in megm. :
3 0.3 gn Wapl0, 1l.6 1
: 0.3 gn  Faghey, : 0.0 :
1 O3 &m ?t&l& ; 20.90 3
: wi thout mt isn * ms;- b4
, . ' :



The increase in the sdsorption with sulphuris
asid 1s due to the iMma in the hydrogen ion e oncen-
tration of the molution, ?h&.atfaat of the Balts in
the order of the amount §f'a¢1a dye midsorbed is ?tﬁli\

)>nau$ >Heg80, > Ehzﬁ?ﬁ4* It ghould be notﬂ&'tﬁaﬁ
aama of the af!uﬂt of the ;ﬂa-$watw isg uaﬁwahﬁﬁélylﬁaﬁ‘
to the effest of the salt deeressing the hydrogen ion
concentration of the bath,

- The #ﬁnernl gonelusions whish Peles-Jolived
draws from thig . xmeriwtaﬁal evidence 1is intoresting-
"Ire lon with the sizn opposite that of the dye in-

ereases the dyaing, the ion with the like sign de-
erenses it. Knl%ivalaﬁt ions have stronger effeet °
than univalent omes.” XHe further conoludes that the
Piber actc as 1f 1%t were & gel and the dye a colloid
and the res:lt of the addition of salts is the same
né with other eolloidal precipitations ss found by
4. Perwin,

D, B. LakelO jp expariments ocarried out inm
'his studiee of ﬁyéing and elaaniag sonflrms the re-
sults of Pelet-Jolivet quoted sbove. Bub he likewise
failed to eomirol ihe hydrogen ion consentration of
his dyebath. Hence bis results do not show tie true

effeet of the addition agents, .

Although Pelet-Jolivet in 1910 made the

w1 0w
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this effeot was mersly = cﬁi@i&al phenomenon due to
the charge on the anions in solution it would seem
that the sotiom of these two should be the same in-
sseueh as there are just twoce as many monovalent ebe
loride ioms in solution as there are divalent sulfate
.iﬁns, They explain this by saying that the sulfate
jon is mdsorbed anntha toqlrgmze strongly than the
¢hloride and hexnce has greater effeet in preventing the
d4ye from being taken wup.

With Orange II dye { soid dye) and wool Briggs
and Bull obtained results similar to those with Lake
Soarlet B, At the same FH wvalue more dye was adsorbed
by the wool in the yrﬂaanaa of hydrochlorie aecid plus
sodlum acid g&asgh&ba and least of all with sulphurie
acgid plnx sofiivm sulphate., These writers state that
their results are in acecrd with the adsorption theory
of dyeing which wes summarized and efﬁbaraxeﬁ by Ban-
arott.?

They give t:is ﬁriﬁﬁly as follows: "When
eny fiber is placed in a ﬁy@baxh, it may adsord any or
all of the ocomstituents of the bath. {In the ease of
acid dyes in aaidifiaa bathe theae gonstituenis are
hydrogen ions, sodium lomns, &n;mna of the dye, anions
of tﬁe,aniﬁ;ﬁn& ﬂnﬁigﬁaaiaﬁeﬁ gompounds ), Hyédrogen ioms
being in gemsral, mors atrangly‘a&amrhs& than other
univalent eations will de t&kan,nx largely and the fidber

ulﬁfg



will become positively oharged relative to the solution,
This vositive charge in turn will lead to an increased
adsorpiion of anions, and by this secondary »rogess
of sdsorption the oharge on the fibei will be more or
less reutralized. The anions of the dye and acid will
both be tsken up in emounts whieh are determined for
e given £iver by the nature of the ions and their eone
sentrations. Sinece, in bteing adsarbed, the anione of an
acid dye have to compete with the other arnions of the
bath 1t follows that the addition of otker strongly
adsorbed anions will Qecrease the aﬁwnnt of 4ye taken
up. In & cimilar way, the g@ﬁitiun of a strongly ade
sorbed cation will esuse an inerease in tho amount of
acid dye tsxen up, other faotors rmmaining'eonﬂtAﬂﬁ.“13
3ince hydrated oxides sf the netals used as
mordants geer Lo take up aggs very sinilar to the manner
in whish wool takes thenm up, it nisht be thom-sht that
the addition of .salis would have & similer effeet in
both oases. Gorfon and Whitel® rave shown this to be
true. Fhosphates were found to decrsase the sdsorpiion
of geld dyes by the hydrated oxides of iron and aluminum.
The adsorption of busic dyes was found to inevease on
the eddition of phosphates. Leter Wood and WQllerla
nave presented data whiech econfirms these results with
bydirated aluainum oxide. Similar cases vere observed

-18-



by Lechs and Mjohelis'® and have been explained as
due wﬁ@wwm wwuaﬂwaﬁ of a reafiily sdsordbed anion eausing
greater adsorption of the sation.

¥any attempts have been mafde to oxplain the amotion
of salts in dyeing, eash of sourse devending upon the
epecial theory of dyeing to whieh the =uthor happened to
held.

In the adsorptiom theory of dyeing as oulblined
above 1t 1s thought that the effest of the salt is one
of preferential adsorption. With a highly adsorbed
anion present, this will w&.m&uaﬂwwn;»w vrefersnee to
the dye. But even Pelet-Jolivet who is a great expon-
ent of thias theory weﬁaan,@ﬁw that 1t will not hold in
all ceses. ﬁwaﬁ,gwsﬁ an ion m&ﬁﬁ@m&&ﬁ the ﬁ%@@ﬁﬂaaaﬁ.oﬁ
the dye undler this ﬂwo&uﬂ it is gupposedly due to the
eolloidal wwam»wwawwwga #w_www ion of the dye @awwau#n
In an wﬁw@&ﬂaﬁﬁw hs a#@tﬁh‘ﬁwu« Ysnsopurpin wm precipi-
wﬁs&ﬁ with hﬂwﬁ»ml_awwaﬁww&wﬂwuwa.«uﬁ%@&ﬂawa w.aﬁwwaﬂﬂﬁa
of benzopurpin, a www33ﬁaa¢muawww eolloidal dye, is not
:uﬁaauw»ﬁhaaﬁn meww%ﬂuaﬂwqu‘mdmmwuaa wwwa.aww aotion of
the salt may be dus to the following resetion:

2ANa plus uanww - bwns plus 2Wall.

Wnere 4. represents the dye ion. In orxder to
substantiate this theory he carried out an experiment

in wheih ke cbserved the reastion between the salts:

s



sodium ehloride, sodium sulfate, sodium phosphate,
potassiun ferricyanide, barium chloride and scdium
osrbonate and a series of twenty or morc dyes. His
eonclugion was in th# case of aecld dyes that the eaiion
of the salt whieh cmused inéreased adsorbtion actuslly
eombined with the dye forming s less soludle ssls,

In the ¢asme of substantive dyes Briggal?mxylatns
the Ayeing s a distridution between the interfmse and the
suspending medium. The action of the salt ig to either
etabilime or ﬁes%abiliaa the suspension of the dye.

Boeseken, Tergau an&‘Bennﬁnﬁjk;a in investige~
ting the action of salts on the dyeing of oellulose with
benzidine colors show trat the action is similar to the
salting out of sozps. The quantity of electrolybe ned-
essery for the pregipitetion iz sonsiderably more then
equimolar. 1/68 millemole of bensopurpin required 40
millinmoles of Glaubers salt. The influense of gulfates
of the metals was found %o be in the following order:

WHg, L1, ¥s, K, Mg, €4, In, A1, Cr, Fe. Within gertain
limlts they conclude the gquamtity of the dye fixed upon
the fiber is proportional to the amount of sleetrolyte.
G. T. Morgan'® has proposed a theory of dyeing
based on Werner's coordinaticn theory. He explains the
fomation of ocolor 1akas»hy the formation of goordina-
tion compounds between the dye and the metal.
=K’az».erehtagha,s possibly been the greatesit expone
ent of the ¢hemiaal theory of dyeing. He assumes ﬁhat“all
] G



fi}sra qr'ﬁmraan$a nossess eiﬁhar scid or basic properties

and all dyestuffs possess slther acild or %gsic DTODE P

ties or represent the salts of selds or bases, The dyeing

progess is thenm one of salt formation betweon the dve |

and the fider or thoe dve an§ the mordant. Enecht in-

fers from sxneriments thet the ontef function of the asid

in dyeing mnimal fiber is to produse s lake vielding

gubgtance dnring thé process of dveing, Ferﬁgl holds

to this ssme idea snd on this theory ex»lains the actionm

of gsalts, For the gyeing'ﬁrnoe&a Port gives the squati onm:
ool plue ﬁgs% = wocl .ﬁa‘;’ﬁ@* |

Kool JHgS80, plus color ecid Fa =z wool base-oolor acid

plus HugSug or

Wool base F,SO, plus color asid = wool base-color asid

plus E,80, . 'He has found that one mole of dye meid

will displacs one mole of sulpburic seid from wool whieh
hag been previously treated with sulphurie scid. He points
out that the reaetiom of the dye with wool san be oagyaxﬁﬁ
to the astion ar’a dye om magnesium or magnesium oxide.
The amotion of tue aalaé acid of Crystal Searlet on mag-
nesiun is varg'a;aw,anly after several days was the metal
'&ﬁiﬂiﬁ with the mgnesian -dye a&lﬁ. With sulphurie acid
pressnt the aetion iﬂ very fast due to the formation of
sngnasiua sulfate., The salt will resot quantatively very
rapidly with the dye %o form the magnesium salt of the

R R



dye. 'm_m sodium salt of Crysisl Sesrlet does not reset
with pagnesiun oxide; if sulphurie acid is added it does
so very rapldly due to the formation of 'meﬁg.v;neaim gulphate.
Fort a‘&aﬁeé that the stripping effeet of soliun aunlfate

of dye from cloth 1s merely & reversal of tha sotion given
above. He alsoc states that when mordants ere uged the
game theory holds.

¥ore recently Rosei and Eaainiaa have attempted
10 ghow that the salt formation theory sméd the solutiom of
the dye in the fiber theory will not explain the known facts
of ayﬁ&ng* They elaim that the fiber sots as a true oo~
agulating sgent like AlgaUs and both coagulates and adsords
the aye. .

We find many references in the literature where
the suthors have believed ohemical compounds to have been

ned between the dye and the mordant. But it remained
for Gordon snd Marker C to prove that these sompounds
actually exist, In &yeing aluminum and iron mordantes with
Orangs II dye, they isolated compounds. Having the formula
AlX, and Fels, mra X represents the dye radieel.

Bayliss *hes recorted a ease where he m;im-'
ehemical reseiion of the dye aud mordant was pmm& by
adsorption, When & dilute solloidal solution of the blue
eolor meid of Congo Red was mixed with alumimum nydroxide,
the latier adsorbed the ea1§r a0id and aeguired # hlﬁa eolor,

On suspending the blue preeipitate in wailer and warming,

*i‘?w



the eolor changes to red owing to the furmation of an al~
umivam salt,

Welakind snd Rembolds$ 28 heve desorided & similar
experiment, They ahow that the basie gels of 'a}.mimm,»
iron, ohromium and sine adsord 4ye apids and then give
oharscteristic red eolored salts on heating. They state
that this is chemieal astion ymudeﬁ by ma@tim. The
dyes used in this wére Benmepurpia 4B and 10B, Benso
ge R, and Congo Corinth & and B.

Sinee 1t hes now been shown definitely by Gomdon
and Marker®® tnat the taking up of dyes by mordamts is
e pare chenmioal resstiom, We proposs to show by the exper-
imental work $hat follows, that the effeet of phosphates
in dsereaming the dyeing of mordants with seid dyes 1is
also due to chewmiesl reaction,

x:atﬁris;u Ut

m hym m:iﬁe gels of 1rxm. shmmma and
‘ohromium were uged throughout the experiment.. ?haaa
were prejared by @uai.ving smn#waiva grm mf the
mmt&w mariéaa m fiw l&tem of water st a fs em-—

-perature of Tifty degrecs 1 mn‘tim and then very dilute

~18e .



smmonium hydroxide wes added until all of the metal

had pmeimtatnﬂ, The gel was washed free from chlo-
rides by decentation. This wsually required six or
seven days. In m_m# of the experiments the gel was used
' mized with sueh & quantity of water that it eould be
readily drained free tra;aa # Lifey mﬁia eentineter 'p,;;-
gstt«o £rom which the 't.ip m bem eut off in order to
allow passage of the large particles of gelatinous mater-
ial. Thia method of measuring the @éﬁﬁ#aﬁ‘ el was
used in all but one experiment. Where it was objestion-
a&:m $6 have su e large quantity of water presenit the
gel was filtered by sustion until all the water possible
had been removed. The gﬂ. ‘iﬁ the resulting aﬁﬁditi#n
was weighed up on the bnlmm in a stoppered weighing
Sottle. The silica gel was Turnished by the Davidson

Chemionl Company. Before miag it was ground small
snough to pass & ome hundred mesh sleve washed by de-
santation ard sllowed to 4ry at room temperature.

The water sontent of the gel was gete rmined
by hesting & sample for tmtﬁwfaﬁr neurs at 1@59 C.
The iron, aluminum, and ohromium gels that were in a
nm&iﬁm— to be measured in a pipetis eongained &b@ut
" 98 water. |

The dyes used were donated by E. 1. du Pont
de Femours and Company. The meid dye, Orange II is a

w19



mﬁim salt and the basie dye Gmtal Yialm; is a
¢hloride, Potassium aiwm:m@m ghw ;;aham; the salt
added was J. 7. Baker, C. P. material,

Experimental Proceedure. 3

In the adsorption o:t dyes by s%la Gordon and
Marker® have shown that equilibrium is mma AT the
dye and the gel are heated %o 100° Q for two hours with
frequent shaking. Gordon and stm«f 6 hm shown that |
in order to obiain maximum mmtﬁm of potasasilim de-
hydrogen phoasphate by inorgsnie gels the mixture must lw
shaken slmost sontimaously for seventy twe hours. ?mm
when it was mma %o }zmm ecomparable resulis with ‘Mﬁ@
the 4ye snd phmy&a%, the solutions were »ut into 260 ”t
ground glass stoppered boittles, heated at 100° for two
hours, then ghaken eontinuoualy Tor thyee days in a
‘mechanisal shaker.

After this the solution was anelyzed for
raterials unabsorbded. The solution was separated from
the gel by an ultra filter. This was mede by pouring
the mixture of &gel and solution over a filter paper

wniil the paper hald beoome trdekly coated with gel.
The whole solution was then filtered through this.

Determination of adsorbed Materials.
The adscrpiion was determined by anmalyzing

80w



flig solution before mixing with the gel and then again
after adsorpiion had t@kan place,. The difference betwsen
these deberminations was ealled the amoumt of meterial
sdsorbed. The dye was determined by titrationm with ti-
tenium trichloride sceording to the general directions
10 Kneoht and Hidberts Mamml of Volumetrie Dye Analysis.
Speeifie directions were furnished by E. I. Du Pont de’
Semcurs and Company. Their directions are as followa:

"DuPont Orsnge II1: Dissolve .2 gma, dye in 100eo
water and 35 es of sodium tartrate (25%). Boil gently
three mimutes and titrate hot under CO with OB TiCly.
The end point ie the finel eclor change from & light

pink to a golorless solution.”
| "PuPont Oryetel Violet: Disasolve .5 gms. dye
in 50 e¢ water and §0 e¢ of aleoohol, add 50 ee of 25% sodium
tartrate solution, doil gently three minutes and ti-
trate hot under 0, with .OSN TiCl, solution. The final

ecolor change is from red to gray or drown and is sharp.
The titration should be sarried out slowly as the end
point is ajyproachsd.”
In determining potassium, and the phosphate
radieal in Orange II solutions, it was necessery %o
first remove the dye by preeipitation with HC1 or to
Gecompose 1t by bolling with agque-regia. Both methods

wore used and the latter found to be the most aatiafaﬁQ
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tory. The potasyiun was é&temined bg' maipiﬁatim _
with platinie ahlﬁriﬁﬁ aaaaxﬂiﬁg to the Linds Gladden
method. The phamyuatt was deternined by t.e anmonium
molybidate method. In the oase of Crystal Violet the
ama was renoved by gﬂaipikaﬁi@n with sodium hydwo~
xide. |

Determinmtion of the Hydrogen Ion Coneentrs~
tion of Solutions Used.

The hydrogen ion ea&a&nﬁr&tian of all clear
salnﬁian was ﬁoter&inaﬁ‘by/mnaas of the Bailey Lleostirode.
A noremsl omlomel elesgtrode vaa uped with thia and ths'
m&ﬂ,m,ga taken on & Leeds end Northrup "Student Type®
potentiometer, .

in order to abta&n-%hs‘?h of the dye $§1H$$ﬁma
and of sa;uiimaﬂ aanﬁSiming-aﬁygaollaiial naterial &
modified form of the Hildebrand type elsstrode was
uaﬁa."wﬁs @leeﬁrﬂﬁn wes & single platinun wire coated
with platimam black. Befor¢ using this 1t was saturated
with hydrogen by aL&aﬁrolyzia in a aaﬂiaﬁ hydroxide
solution. It was found thai thim treatront insured
mush steadier readings m dye solutions, In making
a ﬂatemiaaﬂm the mlutim R natwma with hydro-

gen before the olaetr@ﬁu uun immaraad in 1t. For

-ﬁ%*



Crystel Viclet solutions and clear sclutions the read-
ings of this electrode gsould be checked with those of

the Bailey eleectrode. 3But with Orange II molutions this
is not true., With Orange I1I all readings were determined
in duplicate on the electrode described above as soon as
a steady reading could be obtained after the electrode
wae immersed in the solution, W%hile it is not claimed
that ﬁhese.va;ues are absolute, they are the best it is
posaible to obtain under these conditions and they allow

excellent comparigon foxr this work.

BLPERMENTAL RESULTS.

The dsta on the adsorption of Crystal Vioclet
(a basic dye) which were presented at the Washington
meotin of the imerigan Chemiecal Bocietyl4 are tabulated
here to show the contrast in the effect of tie phosphate
addition to an acid dye and to a basic dye. This will
be referred to as sonfirming the theoxy of the astion of
phosphates in dye baths to be presented later and it is
desirable to have it at hand for reference. A8 would be
expected the results with the basic dye are directly op-

posite to those with the acid dye..

~253-



The following $ables show & eonparison of
the Crysbtal Yiolet dye adsorbed with XH,P0, present
ad whign no salt was wsed. In thege experisenis t‘;:
rE was veried by using sulphurie acid and sodium hr-

droxide, The solutions used werce 5% dye and .5NWEH InP0y e

TABLE I.

The Effeot of Phosphates on the Adsorption of Crystal
Violet (= basic dye) by Siliea Gel.

-
a

*% of salt:vh of ha‘&h- ¥gm. of dye ads. per gm Qry gel
;ael’:ﬁ:iafn .::.aftar aﬁs.; With EEgPly resaat» no an&tse‘;}fgé
. S 1 106 1.1 Po1a :
. l.ez2 P 1.52 2.3 P 2.4 X
. 2.7 275 2.5 - % 1 :
©oe.62 3.8 3.2 : aa :
{67 - 3.6 ; 3.5 % 4.2 :
P 6.63 ;‘ 4.43 7.5 2 4.6 :
P 6.8 i 4.0 E 9.0 ; 4,7 :
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It is ﬁaen :ra& ths abev& aata that the effect
et the nhaaahn&a salt aﬁ&ma.is to 1n$raaae the adaarpu
tion ef the basia ayvm Eha PH osould not be o&rriaﬂ any
higher &na ts the ﬁy& pxaaipitating out of solution, Tha'
%ablau shsw that w&ar %hﬂ ‘bacic éy@ is aﬁé&&.ta the ba@h

;ltha ?ﬁ ia 1aueruéd %hia is @auaad by tha hyﬁr@lysis ot

the é@t.. ﬁrywtal viala% is 8 salt of a strnng acid
{EC1) and & weak aya me Ranm the a:ﬁ’taat will be to

-lawer ths ?ﬂ\af the aa&n&ian ta whieh 1% {8 aﬁda&g Iron

gel sesma to ha tbe b&ak aﬁn@r%anx for the kaaie dye and
as will be noted in theyfﬁllawing tablea»it 18 elso the
best adsorbent farléhqaﬁﬁaiaa;* Ba§h the yétgssinm-ana'
the phoaéhgtg'adsarbaﬁ'in'tka_abbva eimﬁrimsnt were dow
termined. The data is for all three gels.

TABIE IV.

. The Effeet of erﬁ%alf?ialnf ﬁjﬂ on the Adsorption of

Potassium Agid ?hﬁggh““a§§¥g‘liﬁﬁfﬁﬁlﬁ
. m—sﬂw :

T PH of beth =§gn. mm#g-nr gren, of &ry gel.

T, ‘ ~56
T after ads. =m4 ads. dye mm : K m.aﬁ K ads no 4ye :
i : 10(}5 ; »:“G»QB '.&. i -} o2 ; ag‘,’i z
Pol.b62 ; =0.6 0.8 i o2 ¢t .z
T B8 1 =0s8 303 538 1 1.6
. ' S . R S . .8 : :
. 3.14 : =3l w04 D 0,13 P el.4 :
* 3.6 0 N N T ;
, 4«3 . 0.8 a3 ] g5 1 .o :
% . » ) - . - . ;' ‘ e * et .
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In svar?'éaas‘if”ia'saaua that even though
&ye is warg'mnah.mmma highly*aﬁsarh@a with the phom~
phate present, the PO, adgorption is decreased Irom

normal. It may seem that the dye is preferentially
adsorbed over the phosphate, bub ths'&iffereneé-in the
phoaphate adsorptions is not great anwugh tﬁ aecount
for the high aﬁsdrpﬁiaﬂ.af the dye. Iﬁ‘ia'balievadi
that the sald ingraaaﬁa tha azze of the dye yaxtiale
to eolloidal dgménsions snd then 1t 18 merely fil-
tered oult of solution by the gelatinous partieles
of metallic oxides.

It will be noted in subsequent data that
the mction of phosphates with meid dyes is direetly
opposite to that with basie dyes.

dsorption afverwnge I (an aeiad ﬁyw} by
Siliea, Iron, Aluminum and Chromium Gels.

With siliea gel there was no sdsorption
of the acld dye Qrang&fll'ﬁith@r’witﬁ or without a
salt present. |

The following table shows that with Alume~
tpum Gel the adserpttan o Orange 1I was graaxly

deereased by the ﬁreatnea of the yhosvhate. In thiﬁ '
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might be e&ﬂ@ataa taat the gel hﬁm amfewntiallﬁ ad-
%m'bed the phoa;;hste but tae fallramng dnta sma that

there is also a greal deorease in ms vhogphate sdsorp-

tiom.

TABLE VIIY,

The Adsorpition of Pat&aaﬁm Aeid Phosphate by Alum-

inum Gel in the Presence of Orsnge II Dye

ﬁ% Dye and .osmmay%

PH of hath w mmrbm pex gm, of 4ry vﬂl
after ads.:PC mx.aya.?ﬁ.gaﬂs ; ¥ ands é:re: )4 adsgg '
; rpresent  ing gy®>:  present’ dye T ¢
: 5.06 | 143,0  250.5 00 9.0
5.51 | 117.6  .244,0 | oo | e !
5.43  L0B.8  .247.8 | o0 | 9.7 i
5.7 , 96.7  i238.0 .  4.67 . 10.2 |
{ 6.08 . 7B.7  2B1.5 | 6.8 . 10.6
I 556 ¢ 46.8 (2175 | - e



PH of Salt Solution

74

6—1

54

4

In presence of YHoPOy
. With no sslt nresent

mgm. dye adsorbed per gm. dry gel

Uraph I. #ds. of Orange II by Aluminum Gel.



PH of bath after adsorption

7.0

[e))
-
o

A-In presence of Orange II
B-no dye present

20

60 100 140 1 :
50 220 260

mgm. adsorbed per gm. of dry gel

Graph II Adsorntion of Phosphate by Aluminum Gel
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TABLE X

The Adsorption of Potass i Aeid ?hmsy&ﬁ%e 1- %3

Iren Gel in the presence ﬁfuﬁraﬁﬁﬁ Iz'ﬁyﬁ;
.&% Dys acd g@SﬁEﬁx

:EE of bath.*gﬁm aagh*gé @xam ol ax;mgai. -

:&fﬁar ads. i 0 a&a.éya*ﬁ@éaﬂ$.§§ ‘ads ﬁyﬁ 11 4 ﬂﬁﬂ~§
; : present ~ho dye zzmmnt ‘w:: mz
6409 D o211a e 21.4 'wmm

D 5485 : 200.5 i = i 24,3 | 8840
i 6e4B  : 188.5 . . BAO . BB.1 ; 83.0
i 660 . 160.3 : 330 . 23.6 . 80.0 :
;6479 + 130,56 : 519 1 19:1 . 4.0 -

In order to detrimine whetlwr this deorenmse in ade
aéxgtian wan due Lo the EQ& ion éiéﬂa or o othey

ions prezsent, sn experiment was run when phusi horie aectd
waa added . t.c dye solub!l am.'$§§§ing excunts of the
asid were used in order to vary the PH. OFf ¢ urne there
miszht be exn@eieﬁ a‘ﬁhﬂﬁaﬁ'it %é#ﬁ??ﬁi$ﬁ”ﬁﬁ$ t> the
varying eoncenlration of the naga%iva rediesl, In

tre following oxperiment ome g:nn of Crange 1T &ye

was dimeolved in 200 ce of Qhaaghnrls acid solutions

B2



ald added to 1.028 grams of gel.

TABLE EI

The Effect of Phosphorie Acid on the Adsorption

of Orange I1 by Iron Gel.

; Final ?ﬁ;mgm. pey gram of 4Ary gel. ;
j of hath.iP04 wrigin&l&y? POy ads. ; Dye ads. ;
i ; present ; j i
; 44,30 : 2068.5 i 23%.5 : 00 :
. 4.85 . 217.8 . 202.9 . 00 ;
i 5.16 ; 164.0 i 152.9 : 00 §
i 5.29 § 102.9 § §?.9 i 00
§ 5.356 ; 92.3 : 86.6 ; Q0
1 5.44 5 61.9 i 58.7 i 20

This table shows gconsiusively that the oubtting out
of the adsorpiion of the dye is due to Lhe phosshate
and not to the presence of other ions.

Having establighed the fact that tie phog-
phate was the effeciive agent in deersasing the ad-
sorption of the Qye it became our problem to determine
if posslble Jjust why the vhosphate should do this.



Goxidon uad*!hr&kr’hﬂwt shown that the tsking
up of Orangs II by Alumiwpum and Iron gﬁis is a chemiesl
resetion and not mereiy a8 ¢ase of surface adsorption.
Aseording to this then the observed facts should offer
explanation elther on the basis that the phosjhate io
acting on the g8l and preventing 1ta reaction with the
dye, or 1t is acting upon the aye in solution im sueh
& mammer ithat 1{ prevents the reaction takiag vlage.

Taking the latiter ides first, it was ithought
possible that the phosphate might have an effect of
inoreasing the solubility of the dye in #ulatian and
thus naking its takingng by ths gel more &iffi&ul‘h
So an experiment was run to determine this. It wes
found that at the oconcentyations of phosphates used
in the experiment thaﬁu was no deteatadle influence
upon the solubility. Bud if a large quantity of
phosphate is added the solubility of the dye decreases
and mey be precipitated out of solution. This would
have ihe effeot of inoreasing the adsorption by gels
rather then desressing it. Another thought wss, that
owing to a change in the #h&rmaﬁynamim environment of
the solution on the sddition of phosphate it might
taxe a longer time for the dye and gel to reach equile
ibrium. S0 an &xpa:iﬁcﬁt was run in which the dye
was allowed to remain in eontact with the gel for a

“$$*



period of six monthe. Samples were removed at ine
tervals for analysis.

,mmw#«»bsa of .5% Orange II uw.a and .05
normal uagwg hpg.&émaa u&awwgg wers %ﬁ
with 1.08 m&ﬁﬁ of aﬁr. mgn a»ﬁﬁg was E.#g to
‘boiling for four hours gm plaged in u. ‘mechanieal
shaker and agitated. This wghgaw was ﬂ-waan#%
.Da wﬂcﬁﬁwﬁﬂ Mﬁgﬁd&.& gu. a period of six ﬂgwﬁ?
The PH wes é&ﬁ iwuﬁ phosphorie @&% and .waﬁﬂmﬂu,g
hydroxide. | |

TABLE XXI

The Result of Allowing Orsnge II and Phosphate Sol-

..u.ﬁw»oﬂ %o ha& on Iren a.nw for. 8 Nou.wom of six mgﬁﬁr .
.“mﬂeﬁg @H@ﬂg%%gﬁggﬁw: .
3&& .r&,.,w bath Jan.3 u@ ads. Dye ads.: mé.nw% wf&aw

w : . dem. 1 gm sdan 1 faly 3,

. &

15,02 S.46 “ 0o M o0 ! 232.3 “mw?mw
t5.27 5.69 u 60 : % P 229.4 _.umm.ﬁ
£6.66 : S.87 ;00 P00 m02.7 :206.8
:5.86 " 5.90 ﬁ@@ 1 00 wpmfa 1807.3:
: 5495 : 6407, 00 : 00 1 187.1 ;1m,7
“ sy . i 607 « 00 ;00 w.ﬁ?m w@.:a

~25-



The data shows that there was no adsorption of dye under
these oonditions even after belng in the psréaanw aﬁ;

the gel for a period of six months. The phosphate ad-
chgti oR eimnga& only very slightly and the ?E shows

& sorrespondingly slight change. It was consluled then
that the reason for phmgéhaw- entting mxﬁ m adscm?m
tion was not to be found in its effest uyon the dye in
$be solution.

On the basis of tie other ldea mentioned
above that %the | phoaphate deoreased the adsorption of
noid dyes beoause of its effeat upon the gel, it waa
thousht possible that the ynoayha.t& migsht be adaorbed
on the surfaece of tm gel &nd thus pmfem; the gel
reacting with the dye. |

In order to determine this it was decided
to run sn experiment in whish the gol would be allowed
to adsorb the phosphate from the molution before edding
the dye. If no adsorption took pluee it was thought
.4t might be concluded that the phosphate ecated the
gel in such & way &s to prevent ite reasting with the
ave. |

«5 gram of gel and 100 e¢ of potaseium dd-
hydrogen phosphate m boiled for two hours then dhaken
for three &aye in a meshaniocal shaker. 25 eo.'of the
solution was then removed and tested for phosphates.

Bl



Then 100 g¢ of & 1% &ye solution was added amam
mixture again boiled and sheken the pame a8 before,
The following regults wers obiained:

 PABLE XIII

The Effeet of Iron Gel Adsorbing all the Phoaphate
frua the solution first, then uﬁﬂiqg,Oraagy IX.

2

&

»

Bh RV E AW KR R ¥ R8 WY AR A

e e
‘Final Pm%)r‘ig. %‘Q@m $ PO in super~ :Dye:P0 ads.mgm

“

: nikent liguid: ‘per gm dry

atbath smr@a&rygnl before dye :mlim:gel in final
: ) H ! : ma 3 :hath H
8.898 . 62.7 i Bone 00 59.4 :
.73 : 127.4 . trace 100 :  105.4 .
B.76 :  190,1 :  quantity :00 : 126.8
5.86 :: 254.8 . quantity 00 : 158.7 :
b4 . : 4 $

5.27 63.9 _ t nm 00 . 59.7 :

8 wd é

It will be noted that there was no dye afsorbed even
when there wes o ph@nphata in the ﬁmmtent liquid

‘when the dye was sdded. The @ate shows, though, that

some of the aﬁnbmﬂ phosphate was redsased to the

solution after the dye was sdded. This might have

beon expeoted, sinee in Table II it was shown that

in the presense of Ormnge II the amount of jhosphate

als tw”baa is proportional %o the comoentration of the
oA o



solution. Henoe wkan the solution was diluted with the
dye we w:ald expeet gome of the shosphate to be re-

leased. This noint is il.ustrated in Graph III.

Since some shosphate was relcecsed to the
solution this exve riment does not prove conelusively
its original purpose. It does show though that the
dye will not replaoge the adsorbed vhosphats on Lhe zel.
It beeame important then to know if thr dye was ad-
sorbed first would the phos hete disnluce 1%, In order
t: determine this the followin, experiment weas wroformed:

180 6e of a .75% solution of Crange 1I was
boiled with the gzel for two hours and samples were
removed for analysis. 100 ee of OBNKI,P0, was then
added %o each solution. This was tlhe: shaken for three
days to attain eguilibrium. The PH of the¢ original dye
gnlutions were varied by sddirg s lphurie acld and
sodiuvm hydroxide. The results of this exveriment sre

sdwen in tables 13 and 14,

~38-~
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TABLE XIII
The Effect of Allowing Aluminum Gel to Adsord Orange II-

firgt then edding Totassium 4eid Fhosphate to the solution,

: 97 aﬁﬁorb«efi poxr gm. dry gel

‘PH &fter:}?&{ of fin-: D;;'e ads B,;e aés.: Dye re- }?G% ads,
: . hefare rafter : ‘ . .
‘dye ads. al bath ‘salt ad-;salt ad-: leased. : :
R : ‘ded. Lded, : : :
: 5.2 . 4.8 1439.4 1119.5 ¢ 373.9 ! 150.7 :
1 B.3 4.9 (B11.1 . 2443 286.8  ° 119,1
. B.56 : 5.2 : 67,0 [ 16.0 | 52,0 ¢ 86.9 :

TABLE XTIV

The Effeet of Allowing Iron Gel to Adsorb Urange II
gmgigaen ad.aing Potassiun Aeid Phosshate to the

U : ' m@u a&sam gm:' gm,aify

TPE L beT FH O F : - a@. g
z . b«afam : W‘l’.‘ ; 1@333@ : .
. dye ads; al bath | sal: ed; salt ad- : :
: . ded . ded. ) .
P 5.08 © 4.56 P 407.6 © 24.4 : 863.2 : 166.0
‘.11 [ B.42 t 245.7 : 2l.6 : 234.7 @ 141.0
* 5.48 | 5.69 : 9,9 2.0 ¢ 7.7 : 1l4.4
' 5.49 | 5.65 : g.r 2.0 : 7.7 : 120.0 ¢

. P
o
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‘The data shows that a very high percentage of the dye
‘4s displaced by the dhosphate, At firet thought 1t
Wﬁulﬂ,ﬁaam'that 1f thie were aﬁemigal replucement one
éqnival@ht of 4ye should be replaced by ome equivealent
of phosphate. ?han@1vaiﬁﬂs wore caloulated end not
found to agree in any case. This is as it should be
for nﬁdauhtaﬂly some of the dye wes released on diluiion
of the.sainti0n¢ Or in other words some of the dye
éampcund elrendy Tormed is ﬁisaalved'an;ﬁha aﬁﬁitimn oL
the phosphate solution,

The data presented thus far seems to show ithat
ﬁhe.effecﬁivaﬁaaﬂ of the phosrhate in_raaﬁaing the ade-
gorption of ﬁﬁe dye is due %o ité eff¢et upon the sel.
‘The'theory wai then aﬁvansa&;thatlthe phaayhai& sovered
the exterior surface with an insniuhle phosphate and 4id
not l@&ﬂ&-&ﬂy ferrie hyﬁfo#iﬁa exposed to rezct with
the acid of the 4dye. This is in aecordange with-th@'
theory of Cordon and Merker  where they sappose that
the dye is sdsorbed beeause of the sodium salt, Orange
I1XI, reacting with any aecid éresant to form the moid ﬁye
which ii} turn reacts with the met—a}.'hyﬁmnae to form
the inamiuhle netal-dye salt. It is well ¥mown that

-~

iron and aluminum gels are presipitated inm very large
partioles, and jJust as the reastion of sulphurie acid

on lead is siopped by lead sulfate, hers the reaction may

wo "



be prevented by the formation of iron phosphate on the
surface of the gel. If this coneept is true we should
be able to inorease the adsorption of & salt by taking
these larger partieles of gol and breaRing them apart
80 as:ta exn088 new éﬁrf&aas,

In order to prove this point gamples of iron
and aluminum gels were allowed to reach a maximum ad-
gorption with potassium scid phosphate. The gel was
then removed and ground ﬁhoraughly in & mortar for ten

minutes;it was then returned to the solution and placed
in the mechanieal sheker again. Samples were removed,
before and after grisﬁiné the gel, for analysis. The:
PH of the solutions was varied by adding potassium hy-
droxide. 1.06 grams of gel (90% FepOz and 74.5f AlgOs
respectively) were used with 200 oe of Jesﬁzﬂgyoé.

TABLE XV

The Effeet of Further Subdivision of the Particle of
Aluminam Gel.

mgm, Pbg&&s per

‘PH of originml EE of bath.?ﬁ &ft@ﬁ'iiwmjf

‘salt solutiomns : before s 2 5

. : grinding grinﬁing;grinﬁ- grinﬁu

: : : . ing  ing

P 4.683 : 7,188  : 7..805 . :138.4 147, ‘f~ 9.3
5,799 : 7,328 E 7.422 .135.5 *143.3 7.6
: 6.287 : 7.532  : 7.641 .127.6 *153,5 4.9
! 7.084 © 8,081  : 8.182 : 94.4 ' 97.1: 2.7
110.718 : 9.417  : 9.552 : 41.1 ° 46.4: 5.4

s sa we »




TERTE S XVI

i

The Lffect of Further Subdivision of the rParticle of Iron Gel.

s

PH of arisi- 11 o® bhuth  :UH of both imgme 00 ade. ver gm dry gel.
el g lt 801-:hefore arind-: =ftar arisd-:-bofnre efter :Incr:nse

ubion Pooang : ing ;:grin&utarind~f
: : : vy D dng
4,663 L 7.151 L .ang £166.2 :171.5 ¢ 5.3 ;
5.799 L 7,808 L n.4my 1163.4  156.1 ¢ 2.7 i
L 5.289 L7557 L 7.5%4 1154.2 :160.7 ¢ 5.5 i
.\ 7.084 C 5098 . 6,149 1121.2 1126.0 © 4.8 ;
10,718 L H.706 . 9.028 L Bb.T 6848 t 10.1 §
"l . : .2 — . s e v~ i AST————————
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The Qiffsrenes in PH between the firet and second
solumn doos not give the PH change ﬁmMng
%o the phosphate sdsorbed besouse quite & bit of
wator wns sdded with the gel. In a total of 48.3
‘grams of gl §3.m'§amr there wan 47.3 grams of
water. Witk the irom zel in the above experiment
‘even after filtering there was conglderable ol
loidel ferrie wwghska 4r the solution. PFor the
vhospbate éat&mmmaﬁ this was Wﬁm by sat~
urating the solution with emmonium nitrsie whieh
precizitated tio eoclloid. Om filtering,the solutiom
wao perfeetly cloar. |

The dats given in the two preceding tabdles
om thess gurves it is readily seen that
‘there was quite m definite ineresss in the sdserp-
tion of phosphates by both iron amd aluminum gels when
new murfaces were exposed by srushing tho gel jartisle.
\ﬁis seeme Lo show %hm; the awfaw of {the gel, when
-.uf afisorption is reaghed, la sosied with a de-
finite film of phosphate which is impervicus to more
phosphate or dye under the existing conditions. But
Ma&m of tw p&%g&h&t& @teé particles is broken




taken up from the solution. This misht appear to de
then ithe explanation of fﬁe fact that phosphates gut
gut tha adsorpticn of an acid dys by iron gel., If
the layer of phosphate formed cammoct be penoirated
by additional gﬁaaﬁhaha from phosphorie seld, then
i% is reesonable %o suppose that the dye cannot pen-
strate the film, But in exporiments f&llﬁhiﬁé this
where los: phos hese was used and wes uiill effestive
in preventing the adsorption of the dye, it is hardly
aonalsvable %hat-#h@rw is 8 gufficient amount of the
ph§a§hat¢ rﬁiieél 3@@3&3& %7 cover the whole surface
of the gel. Thieg data, though, ceriainly sesms Lo
sxplain the always tr@ghaixg«sasﬁrtian that thexrs
is apperantly mever a definite chemisal egquivslent
relutionshlp ba%a&an the amﬁunﬁ of materizl alsordbed
and the smount of gel present. ALl of the preoceding
data was xeaaléﬁlateA’aa the basis that the dry gel
was 74.8% Al,0, and ?@%~Fagu5‘rsanaativ31V'aﬂd o
definite chemigal corbdining rattaa were foond botwesn
the 4y or galt adsorded and the irom or aluminum
pragent ae cels. ¥ome should be expectied pgoording
to the daim presented in Tables 10 and 14 heeause ab
all timeg there might de quite 2 lnrge ocore of alw-
wainum hydroxide or irom hydroxids within the gel
Y.



- particle thet never somes in gontset with the solation

and hence earmot be acted upon,

'In all of the é&ata presented the adsorntion
of the dye in yﬁss;s}wric mia kas been eompared 'Ba,'
the adsorption in sulpburie asid., In a;ﬁar to hgve
a conparison of the effeets of the imz c1”, s0 4"\",

and E":}&m upon tka.sv sdscerption of Orange Il an ex-

| neriment was ran uging W&iﬁ.&z’iﬁ, gsulphuriec and
phosphoric saids of the same VH valves to dissolye
-the dye, and iron aluminum and ohromiuwm gels as ad-

sorbing mediums; .. The same smounts of gel and the
saze percenbage dye solution (.5%) were used in eash
case. The resulis are given in groms of éye adsorbed

per gram of dry gel. The gel in this atate in the

case of irom iz 90% Fey0,, that of sluminmm 7455
AlgOz amd chromium 70.4% Crply.

2 XVII

The idsorption of Orenge IX by Irom Gel in the Presence
of three different Acids under the same PH.

;E'ﬁai‘ acid sol. zwg@aw,af é,xa adsorbed per m, of dry &l
‘vegore aye a&ﬁﬁﬁg | EGL : HpSo HzPOg
P B.96 & ¢ 8 * 00
: 2486 ;28 1 1w ¢ 00
: 2.33 13 ¢ 18 ¢ o0
P 2o a0 1 o@r 30
1,94 : _ee0 ' 800 * 108/ 1

~45-



Snlution

pIr

of Original Acid

L-edsorobion in HC1
O

B-sdsorption in Hel0y

C-adsrrntion in HzP0y

1 I
bo T dno 50N 700 900

llcms. of dyve edsorbed per gram of dry cel

Crenh V Adsornti * Nran: T
re dsorption of Nrange II by Jron Gel in the Precence of 7C1l, Y580

and TrP0y



It is shown here that in thqy adsorption effects
ﬁmimgal,mmnascgmvammmquﬁ
has out .out the adsorption entirely exceps at & very low
PH. The results with chromium gel are very similar, these
own in the following table and in Graph VI.

Table XIVIIX.

The Adsorption exﬂrmge II by Chromium Gel in the Presence of
. three diffevent mcids under the same PH.

-

:PH of acid sol. __w of dye sds. per gm. of dry gel

Bk ¥ s w8

;bﬁfaﬂ dye ﬁﬁm; HOL :f 33594 g 35?234
;. 2.95 : =4 : 24 i B
P 2.66 . 4 : 3 .4
: 2.33 ;185 : 150 ;00
;2.0 ioars i 34 ;18
S feie id

It is spparant that hydroshloris and sulphurie aseids have
aimost the smame effect again exoept &t & very low m, and
phosphorie wi& has very greatly reduced ilhe adsorpiion,
The sdsorption im the presence of phosphorie scid passes
through & minimum. Thie result is explained in the theory
of this resstion whish is develaped im the latter part of

Sl SR LE KF SN RS b A% 3k vk



this paper. With Aluminum Gel the resulis are similar,

TABLE XIX

The sdsorption of Orenge II by Aluminum Gel in the pre-
 Smnee of three 4ifferent sgids under the seme FH.

N6 B WS Sk od BP W FE as B eN BN

‘Ke!mi&t&, ;waf%yamgzsrp‘ atdrml%
%cfaraayim 3 HEe1 i Ho80, ; HePO, :
2.95 o900 95 ! 15
2.66 e P e ! 1
2.33 - =2 | =ms [ =
2.01 : s60 | se0 160
1.94 oes0 1 e ! 363 :
- ;

These results ars brought out mere cleerly in Graph VII
Here againm hydrochloric aeld secms to offer the beat ad-
M@im mﬁm with sfa.figmvu acid *mrﬁ- nesrly equal to it
and wiﬂz yhosmrie aoid tm is wery 11ttle t&serxstim ab
‘all, A 2 *mry low PH the mﬁ of aya ﬁsm with M—-
Me aeid ymnt inoreases very mﬁﬁm
&immiwmtrﬂefthnﬁxmaeaﬁsmw be &
very important fastor 1t waa anﬁ‘aﬂy !'M in all the
stages of the adbove gxgnrimnt. The rmulia m @m my-
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arately for eaeh acid.,
¥hen the gel was alded %o the dye solutions
it was mixed with a oconsiderable quanitiy of water,

{47 gas. water plus 1 gram gel). The dilution and

the PH of this water had an effeet upon the final FH

of the bath, but since this was sonstant in svei:v oase
it does not enter into the comparison of the effects
of the mcids. The water with iron gel had a PE of
7.5, thet with sluminum 8.36 and with chromium 8.385.

TABLE XX

The ¥H changes during the adsoyption of Orange 1II in
the presense of HEL

In the solutions marked x the TH
the dye precipitating out on the

B

asuld not be teaken due to

eletrode.,

3 T T ’ :
1PH of exiginal . PH of solution, PH of bath after equili-:
:ampid solution . after sdding 1l: Drium wes reuched. s
:bafore dys added. &8 of m to e g 2
: i . 300 ec s0l. : AL gel: COr gel: Fe gel. :
: 2 s 3 R ; :
¥ 3%95 s 6.4 . ﬂaﬁﬁ - 6:’1 bd 6:?‘ :
: 2.66 ;6.0 : B.B5 ; 6.93 ; 6.34
i .33 ;o= : 5.48 ; 6.27 . 6.12
: 1,96 : x : B.24 ; 85.88 ; 5.10
p , 1 A + * * H
: 1.85 : x : Be82 [ Zu&T ; wwee
I : H 4 e i :



The PH changes duding the alisorption of Orangs II in

;ho waﬂ of » _gmu scid

-

* PH of na&u’kimm e:r babh arter aqnui
alter 1brius m mama

_@;eai:lfﬁ o u gel. fér gel. Fn ga}..i
Sad 7.2 7.4 6.30
£2.69 6.8 5&'}. 7.13 | 5.85
2.58 x 608 : 6.40 : 5.48
2,01 t ox BiBB  : 4.94
1.79 4.72 |

uf
=3, |
%
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t 13 -CD

[ 3 ]

ga&a'

LA S R 2 BT I ¥

R S

sa uan

= S.88

—

0k BE S5 ST ER RF AN BE Sk W0 2 88 2R e AH
e 4n 23 we 4R N4 s Ew bR AP we. R

B v S5 0¥ IR L I R A LA

v bk ¥ we
o SR w6

B AF S el A 8B pt wP ¥R A% 4P 4% 6 k4 ¥ K@ BN

2.8 f:‘ x
184 :

P wb en e RE wR AB 3 FR.PP EY gh AR HE NE A0 WE e ¥

g
o m,'-ff:w;“ R ) "

A A ab ak e e (] ;9»0‘ RS we E¥ KB RE ra

§ e W GH AR HE 6 W BN RSP AR KB BE NE M. 49



fhe inereape in PH of the solution on mixing the dye with
the woo0id i dus to the neutwralization of ﬁw acid by tbe
hy@rolysis of the dye which is the salt of a strong base
and & weak acid. The reaction thus fomms the aeid of the
dye and the sodium salt of the seid radieasl. It was the
formaation of this dye moldithat made it impossidle to de-
tormine the PH of the solutions marked x, for shen this
material ies present in lerge gquantities it precipiiates
on the eleetroda.

It will be noticed in the above data that when
the final PH of the baih was in general below 6.5 with
hydroetlorioc and §'nlphwis moide quite a large amount of
4ye was adsorbed. This point warles, of wurse, with the
aifferent gels. DBut with phosphoric scid before any guanti-
ty of adsorption gould be obisined the finad PH of the beth
was lowered 10 3.3 for aluminum gel, 2.87 for chromium gel
and 2.07 for iron gel.

A few drops of ehromium, aluminum, and ferrie
chlorides were adided to ihe respective phosphorie seid
dye baths _ghiea had given 1ittle or no momam. A pre-
oipitate of the metal &ye eompound immediately resulted.
This seemed to indicate that ome of the conditions neoesasry
to get the 4ye removed or adsorded was to have the metal
present iz an ionizadle compound. Had the lona been preaent

)



before, adsorption would have resulted. At almcat any FH
value when sulpburie or hyﬁraahlerié acid is in the pre-
sence of aluminum, 1:::-&#1, or chromium gel, metalli¢ ions
will be liberated beosuse of the famatieﬁ of & aoluble
sulfiate or chloride. With phosphoric acid reacting with
the gel, aluminum, iron or chromium phosphate would fom,
all of wvhioh are relatively imsoluble except in more eon-
esentrated aoid solutioms. If this theory is thrue that
the liberation of the metallie ion is necessary in order
for it to reset with the dye and form the metal-dye compound,
then we should find, at the PH walues where adsorption was
obtained with phosphorie seid, that iron phosphate is
soluble and will yleld ferrie ioms in sclution. In order
to determine this the following experiment was prefornmed.
Ferric phosphate was prepared by treating potas-
sium dihyzﬂ.mm vhosphate with ferrie chloride. A white
floseulent precipitate was odiained whioh bescamme curdy on
Boiling. To equal amcunts of this were added varying
amounts of 2N phosphoric acid. This was boiled end let
stand for a few hours. In same of the tubes it could be
m that some of the ferric phosphate had dlasolved, but
some waite precipitate still renained in all of them. The
PH valaes of the solutions were determined and they wore
teatad for ferrie iam with potassium sulfo-ocyanide. ) At
a ¥E of 6.88 no fams; ione were present. AL 2.40 there
=Bl



was a faint test for ferrie ions lower them this at PH
2.077 and 2.029 the mmber of ions in solution increased
greatly. 7This can be tested gualitatively by adding

ECHS to ferrie ehloride and then adding NagHPC, the color
will diseppesar now if phasthorie acid is sdded, the ehar-
scteristio red oolor of ferrie lons will reappear due to
the forric phosthate formed digsolving sgkin.

In order to confirm this and have eonditions exact-
1y the same as in the dye adascrption experiment, iron gel
was mixed with prosthoric aséd solutionms of various eon~
mmtim ani subjectsd to the same enditions which the
adsorpstion of the dye was sarried cut. Resulis were ob~
tasined smfirming those given above., With soluntions of
PH above 4.00 no ferrie lone wers found in solulion. Be-
low thig the lower the FPH the more ioms there were present.

Alvminam phosphate was :imgmreé by treating 2 sole
ution of potessium monohydrogen phosphate with aluminam
shloride. This was treated in the muss memer as the iron.
A total of seven solutions were used. In these the mumber

gm ione pregent seemed ¢to pase throngh 2 minimum
at PH of 5.6 sbove thiz number of ions preseni inoreased

and below this the lower the PH the greater was the num-

ber of ions present. It im belleved thet this is due to

the smpotherie nature of the aluminum. Referring baek to

Table 13 snd Table 22 we find that the ssount of Orapge II
e



adsorbed passes throngh a minumum vhon the final PH of
the bath corresponds very closely to this.

Chromium phosthate was prepared in exastly the same
manner &8 iron phosphate and a gimilar experiment tried. A%
@& PH of 6.0 there was & trase of chromium ioms in sclu-
tion but they 414 not aprear in an eppreciadble amount until
a PH of 2.8 was reached, lower than this the .ma_mt present
inereased rapldly. Referring back to Tables 18 and 22,
1t will be noticed that with ehromium gel & smell amount
of 4ye was adsorbed in the presense of phosthorie aeid st
& PH of 5.6 Du. the first adsorpiion of a large smouni of
dye was at a PH of 2,6.

In every oase the adsorption of the dye cheeks
yvery ¢losely wiih the amount of metal paseing into sclu-
tion in the form of ions., Here we believe is the expla-
nation of the effest of tho phosphate radical on the sdsorg-
tion of sn acid dye. The amount of dye removed dependis
upon the number of metal-ionz there are in mclubtionm to
‘reast snd form the metal-dye eompound. Hydroehloric and
sulphurie aeids react with the gels, fom soluble salts
apd furnish the metai iong to the slelu‘eiang The more
asld there is present the more metal ions there will be
in solution hence we find the greater adsorption of the 4dye
aLt the lower PH, With msyhorie aeid, however, reacting
with the gel relatively inscludle salis are formed and no



ions are furnished to the solutiom until the acldity is
of such coneentralion that 1t dissolves these salts. 4is
was shown the solubdbility of these pbosphstes vary, irom
being the most insocluble,

The series of resctions through whieh this
yprocess of dyeing the mordanit, goes axe'ﬁhﬂnght to be
‘&8 follows: For aimyliai§y-i#t x represent the dye rad-
' jesl. Gordon mni Marker® have shown thet the compound

formed by the dye with the metals is AlX,, FeX, and CrXs.
Alumintm gel and hydrochlorie scid are used as an illus-
tration.

HaXl »plus HCL =Wall »lus HX ww—wwe(l)

That this reaction takes place and forms the
weaker acid HX is shown by the great inerease in PH when
Orange 11 is added to an scid selution. DPals illustrating
this are given in Tables 20,21 .and 2R.

3ECL plus AL(OH)g = 4101z plus HgO

{2)
This reseciion was proven by taking verious mixtures of the
acid anl gel end testing for the ioms formed.

| ALCLy plus EeXsZAl1Xy plus BNACl ---(3)

The sait AlX, is relatively insoludle snd is thus
removed from thas fleld of astion. This reastion has been
1llna¥iateﬁ by aryaﬁsaa of alwsinum, iron, and chromiwm
orloride into a water asclution of Orsnge II. In wery
casean immediste precipitate results. It is believed that

-5~
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asfidition of meid eaused very rapid increase in the aldsorp-
tiom. We explain this point by elaiming that it oesurs

at the 7hv&mg¢r£ fon ecneentratiom where enough aeid has
been ndded to shift reesstion (1) as far as pm.bin 0
the righ%. Any more aeid sdded waat:lﬁ. resoct ii':ﬂ#tly with
the gel and proesde throwgh resetions (2) and (3).

Witk an};yh}ixia acid the ma%im given above w:sﬁlﬁ
be of ithe gsame nature as with hy&raehimﬁ' acid.

‘With phosphoric acid, resstion (1) is the same as
with hydrochloris, But in reantion (8) there would de
formed either KL(H,P0, )5, AL,(HPO,), or AlP0,. Since
there is a large amount of gel present and only a s=all
amount of acid it is dhelieved tiis&: the major eompound
would be AIPD4. 7This eompound was shown to bs relatively
inscluble and corresponding saliés of ehromiuvm and iron
st111l more imsoluble. The formation of this imsoluble
;;:raéﬁat in reaction (2) would W&at:mﬁtim (8) fxom
taking place and henes would prevent mﬁrytien, by this
me%i@n tmng ylm This is douwrn sut by the expari-
mental dsta gim ahm‘m Aluminum Phesphate was fem
to m 8lighitly s luble under all the conditions used and
some adsorption of the dye was found m all eases. The
PH values at whieh ghromium gel gave sdscrption of dye in
the preaence ai‘ phosphate were fouwnd to sorrespond with

we e



those st which chromium phosphate ylelded shromium ions
to the solutiom, ind finally, it was found that iron gel
in the presence of phosphates adsorbed dye at only a very
low PH vdiue, this sorresponded to the point at wkéiah
iron phosphate yidkded ferrie iloms %o the sclution.

The experimental facis seem to indieate that inm
order to have en acid dye removed from solution by a gel,
in any large gquantity, the metal ion must be im solution.
This is ascecomplished by adding sulphurie or hydrochlorie
scids whish reaoct with the geis to form sel:abia salts.
Phosphates deerease the adsorption because of the forma-
tion of d4iffieultly soluble salts »ﬁ*&a the gels.

SUMMARY OF EXPERIMENTAL RESULTS.

I. The presenoe of .08 normal potassium dingdro-
gen phosphate greatly desreassed the adso ption of an acid
dyve with Aduminae gel and Iron gel.

II. Using HgPO4 solution in the dye bath the
sdsorption of Orange Il was very mueh decrecased with
aluminum gel snd eut out entirely with iron gel exeept
at a very low FH,

III. Iron gel was allowed to sdsorb all of the
] PO, end .OLEN HzPO4, ther Orangs
i ot




II 4dyes was added. Ko dye was adsorded.

IV. Iron and Aluminum Cels were allowed to adaorb
dye from a .5f solution of Orange II at PH velues varied
with KOH and HpS804. FPotassium wmeid vhosphate was then added.
Host of the dye was released and the phosphate midmorbed. '

Y. Irmn gel was allowed %o remain with dye solu=
$os in JOBY potassium apid ghwy}iata for s period of
six months. Even at the end of this period no dye was
‘adsorbed.

V. Iron and sluminum gele were allowed to resch
adsorption equilidrium with O8N X¥aPO4. The gils were
femoved, and ground in s mortar then put baek into the
solutions. Thers was an ineresss in adsorption in ell

solutions used.

¥il. The aisorpiion of Orange II by iron, aluminum,
and ohromium gels wes tried with the following resulls.
Alumivem gel: High nﬁ.éa&g&i@n of dye with HC1 and Ja$0g.
Low adsorption of dye with HaPO,.
Chromiun gel: High adsoxption of dye with HOL end HyS0..
Very léee' a&m::pﬁiﬁn of dye with HaPO4.
Iron gel: High adsorption of &ye with HOL and HgHOge



¥o adsorption of d4ye with 33.'?0‘ axeent at

& very low PH valus.

The order of inmoremsing adsorptive power for
Orange II 18 : iron, chromium, aluminum.

¥iil. In eases where phosphate is adsorbed from
solutions having waryling phosphate concentrations the |
saount sdsorbed in the presence of Orenge II dye is a
straight line function uf the mmount presemt.

I&Mm, iron, end al
mized with solutions of the solium salt of Orsnge II give

pminum me ehlorides when

an immediate trecipitate of the respective metal-dye eom-
pound .

Z: Chromium, irun, and sluminum ehlorides dropped
into the EzPO, solution from which no dye was sdsorbed
gave immediate precipitates of the metal-dye sompound.

m.m solubility of sluminum phosphats in
phosphate solutioms of warious hydrogen fon scneentrations
wasa found tf; caiﬁaﬁa with the sdsorpiion oure of Orange
II by elumimmm gel in phosphate solubions.

Iron phosphate was found to be soluble at the .
‘same PH at whieh the 11*&;3 gol sdsorbed Orange IX.

Chrosium phosphate was also found o be soluble

Ly I
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in phosphate 'selntiem at the pame PH where adsorption
of Orange 1I was found.

COBCLUSIURS.,

The deorease in the adsorption of an aeid dye,
Orange II, in irm; aluminam and shromiwm gels (mordsmts)
by phosphates ia not due to any effest of the phosphate
radieal upon the dye or the sclution. It is due to the
phosphate foming a relatively mluhle eompound with the
gcls, hense not furnishing any metsl ioms to resst with
the dye and form the metal-dye eompound which is the
casuse of adsorption. A% high hydrcogen ion eongentrations
adsorption takes plaoce besause the metal phosphate be-
eomes soluble. The resctions supposed to take plase
during the &ﬁssrptiaa of an: acid dye Orange II by an
inorgsnis gel are best expressed in the following equations:

Let x represent the 2ye redieal and using irom
gol with a‘ hydroshloris aecid éalatiéa of the dye for an
mle: '

NeX plus HOL = Toer  PuS X eemeemee{l)

SHC1 Plus Pe(OH)g == FeCly vlus 3Hgld ———-——-(8)
Fellg ;}lns Z¥aX _—> FeXy plus INall -wwwwnw(B)
SHX  plus Fe(OH)y FeXy plus 5Hp0 -m--mwm(d)
3BaX plus Fe{OH)y—> FeX; »blus ZROH ~—mmwwn(5)

= §0=



It is postulated that most of the sdsorption is
dne to raaaﬁion {2). Some little may be due to reascti-ons
{4) ana (B).

Sulphurie acid acts wery similar - hydrochlorie
in these reactions.

Phosvhoric acid acts in reastion (1) sinilar %o
hydroehlorie. In xezsetion {8) phosihorie ecid forms an
insaluble iron phosvhate . thug sreventing reaction(3)
from taking plaes end no adsorntion resunlts unless the
solution Is made gniffigiently mecld 4o dissolve the iron
vhosphete,

Aluminun and ¢rhromium gels anet simileaer to iron.
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