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aluminum saeftdw with mriJL dyes in a iras* ehemichl m m % & m  
iat'iftLlfth tli# dye f o w  a oompound with the mordant^
Since this in established it m  themgbt that a reason* , 
able theory for the aetiom of salt# la the mordanted 
dye hath® »&#it he srolred#

the shiest of this piece of work was to oh tala 
quantitative data am the effect of phosphates la the 
adsorption of acid dyes by mordants snft, on the has is 
of this, to arrive at some satisfactory explanation for 
their behavior.

HISTORICAL m r i m .

In the dyeing process two general classes of 
color substances-. are mse&s those Shisfe' will dy© the 
fiber directly, and those which will only dye a mater­
ial mordanted with a laet&Xiie salt or hydroxide or 
with the addition of a metallic salt to the dye hath.,
The first class ha® been named by Mward Bancroft In his
"Treatise on Byeimg% "Substantive Byes" and the late■ ter#"Adjective Byes*1., Iheoht in hie "Mammal of Bye lag5*
telle me that "in a pure state the adjective dyes are
only slightly colored and when used alone In dyeing
they giro rise - to worthless reunite. But when wed

«4h*
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eoxapound attach itself to the fiber.
posit!am at the mordant im tbs. fiber then will vary

OMtom

the purpose of fixing the
are of tern added for 

f in whl eh ease the mer­

it is
eo«aum preetlee to add to the- dye bath various salts, 
acids, and basest which hare for their purpose 
or reetraimim^ th«* ^vwnwi ,

are the salts often 
almost -all' of the aortas acids have

are poMlb$< 
sulphmrle acid is used with

om wool
and sodium sulphate Is added to deere see 

this* thus assuring a smeh more everdl s t ri tut i an of the
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Itched on the effect of salts on the adsorption of d; 
is giren by Helet- JoIIto 11 His work m s  carried out 
upon wool without a mordant present • In the

•odium sulphate increase .the adsorption of
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teltwet ©©te*- tte foUoviJt0 oteswatiom ttes© #»~
pertmsmte It is «U«r that tte msg&tiY© 00$"* and 
Ions tew* imorsassd tte iywiJS0 of met&ylm© lime while - 
the posltl?* lorn® of terim ©md pl&timm Iwmm te«ma©*& it*
a® ' Iona of. the ©iMtrolyte m %  cm &y*im& te they to on 
tte pxwaipitetioti of sollolte aim®# they follow the w*l~ 
snoy rul©*1* It will 1® otetewsd ttet $fo*©s results to 
mot take into &eeo\rat the off eat of th# aJLJc&Itmity of tfe© 
solution white is imoxwased hy the sodium ©mohpteogsn 
phosphate and mot hy ttesodiw© smXfate*' 11me
is a&aorted mute greater in am alitalins solution than im 
am .said or moutml; this would ©oeount for ©a©* of the 
effeot merited to tbs phosphate im* Although* ©a will 
t e  shown later the phosphate ion doss tews a. test ted im~

wisswiii rfWfcitTt *  .d d iP lilp W  ©

Im the adsorption of ©old dyes Beletedollirot 
found the effete of addition agents to te ©xately opposite 
to that im teste-dye©* Ho first eerried out es^rtesmte 
using different molte to furnish the msgteiwe ions*
(loo. Sit*}
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In this ease the la in the ordar of
. hy&roahlori# g sulphurlm, phosphor i# .&at&« Bet tMt 
sompartsom is met entirely true simea these a#13& te met
glv# tm# Qiai hyte©gam iem eemeemt rat 1on ant this b mt 10Mem shows* fcy Saiswxth *m& OamdUm, Bridge ant Bull, .
and Oor&cm a M  MasMr4* -to fcs m wry important faster » 
the maxt tatem fras owreof&ss'
this eljeetiom %y mttim# a mamMm*1 salt te ilsi hath of 
m  melt ty## 1 up. taking tm# ISMrty to $uet# the ex­
periments tlxmtly fcoih fro« a historfe viewpoint m i  
as will be mmmn latsr they haw a direst Marina apoa 
th# theory of th# mmbtmi of tlx# fitgatiw-iat of the 
aSAitiem afpitt*

B.grmsa wool» BOO ee» Crystal roaasaa seimttom*

: 3 ; 113 ! §f*f ! &B.S !
a . * 130 ;  m * 8  : ? # * 3  ;: 4 i 178 ? 70,8 ; 88.8 ;

t • * *

* * | 
t Milties* to hath * Ada* tor# in m m *  *
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Hie Iner® m e  in the adsorption with sulphuric 
Hills due to -tee increase-.la te© hydrogen ion eoneen- 
traticm of tli© solution, the.effect at tlm salts in 
the order -of tkm m m m t  at acid ty® adsorbed is 
j> none X> It should. ti noted that

aoms' of te© effect of te® phesphal© is umtomhte&Xy do® 
to tee effect of te# salt decreasing tee hydrogen ion 
concentration of. the. hath*

fhe general conclusions shite Pclet-JoXivat 
d r a m  from t M e  experimental ©vi&eme© is interesting:
*Tfee lorn .site the sign, opposite that of tea 4y# ±&* 
crease© the dyeing, tee ion wite tee Ilk© sign 
imsHi it, Ifultiyalsnt ions hair© stronger effect • 
than unty&lent ones.” He further eonclu&es teat tee 
Biter 'sets as if it sere a gel and the dye .a colloid 
and te© result of tee addition of salts is the mmm 
a® with other colloidal precipitations as found hy 
JT, P e r r i n *

B. B. Bate**10 m  axpariHwmta oarried out in
his studies of dyeing and cleaning eom£Xr» the re­
sult© of Bel#t~Jolly©t quoted ahere* But lie likewise 
failed to a astral the hydrogen ion eonoemtr at ion of 
his. dyebath. Ham# his results do not ©Mow the true 
effect of the addition agents*.

Although Polei~Jolivet in 19X0' made the
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•this cffs#i was merely a colloidal phenomenon das to 
the charge cm the anions in solution it would seem 
that the action of these two- should be the m  in­
asmuch as there are lust twee# as maisy monovalent «&-» 
lorld* ions in solution mm there mxm divalent sulfate 
ions*. they explain IMi by saving that the sullat© 
ion is adsorbed on the wool, more strongly than the 
chloride and names has greater offset in preventing the 
dye from being taken up*

With Orange 11 dye f weld dye) and mol &rlgg* 
ant Bull obtained resuite similar to those wife lake 
Scarlet 1* It the same IE value more dye was adsorbed 
by the wool in the presence of hydrochloric acid plus 
sodium melt phosphate and least of all with sulphuric 
a d d  plus ©odium sulphate* Shews writers state that 
their results are' In .accord with the adsorption theory 
of dyeing which was summarised and elaborated by Ban-* 
croft

fh#y give this briefly a® fellows.: ttlh#n 
any fiber is placed in a dyehath, it may ads orb any or 
all of the constituents of the bath* (In the case of 
acid dyes In acidified bathe these constituents are 
hydrogen lotts, sodium ions* anions of the «ar** anions 
of the acid and um&iswoef&ted compound®) * Hydrogen ions 
being in general, m o m strongly adsorbed than other 
univalent cations will be taken mp largely ami the fiber

- 1 I » .



will beeeiae positively charged relative to ill* solution* 
this positive charge in turn will lead to an increased
adsorption or anions, and by this secondary proses* 
of adsorption the charge on the fiber will be more or 
less neutralised* the anions of the dye and acid will 
both he taken mp In amounts alii eh are date mined for 
a given fiber by the nature of the ions and their ©cm** 
cent rati qxxb * Since,, in being adsorbed, the anions of am 
m i l  dye have to compete with the other anions of the 
hath it follow that the addition of other strongly 
adsorbed 'anions will decrease the amount of dye taken 
up. In.a similar way, the addition of a strongly ad- 
sorbed cation will cause an increase in the amount of 
acid dye taken up, other factors remaining constant*"^ 

Since hydrated oxides of the metals w e d  as 
mordants seem to take up dyes very similar to the manner 
in which wool takes them up, it might he thought that 
the addition of wait* would have a similar effect in 
both eases • Jordan and White*"* have ^aown this to be 
true* Phosphates were fousd to decrease the adsorption- 
of acid dyes by the hydrated oxides of iron and aluminum* 
She adsorption of basic dye© was found to Increase on 
the addition of phosphates. Latex11 Wood and won***8 
have presented data which confirms these result* with 
hydrated aluiaimum oxide* Similar cases we.ro observed

- U k
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mid sodium 
of twenty or mere dyes* His 
sms® of acid dyes that the

o f  t e #

m id  a  

was in

with te# dy® forming a lass soluble salt,
In te# ease of substantive 
5 it a distribution

motion of te# salt is to either 
o r destabilise te# suspension of te® dye*

action of salts on te# dyeing of cellulose with' 
colors show that tea set lorn is similar to the 

out of soaps* te# quantity of

1/S8 millemol© of benaopurpin 
millimole© of Glaubers salt* tee influence of 
of tee metals was fomd to he in tee following 
MS*, 1*1, Ba* &* Mg* Cds te* Al* Gr* F«* Within 
limits they conclude the %wamtity of the d; 
tee fiber is - proportional to tee amount of

G. f * Morgan has proposed a theory of 
hawed on Werner*s ooor&ln&iicm theory. He egpteias 
formation of color 1«3ess- by the formation of 
tion e ompoim&s he tween the dye and the

iCneehî ® has possibly been the 
mxt of tee chemical theory of

yon**



fibers 'Gsr siordant# possess either acift or basic properties
act all dyes tuffs possess either acid or basic proper*
ties ox represent the salts.. of aetds or bases* The dyeing
process is them ore of emit formation between the .dye
and the fiber or the €7© and the , mordant * Khec&t'In*
fers from experiments that the chief function of - the acid
in dyeing animal, fiber is to pro&ttee a lake yielding

11 ■substance taring the process of dyeing* Fort, holds 
to this m m  idea and on this theory explains the action 
of salts* For the dyeing process Fort gives the equations* 

Wool pins H^BO * wool *H0SCAkU 41; & V
Wool .E^SO^ plus color acid la * wool base-color acid 
plus HagSG^ or
Wool base HgSQ^ plus color acid * wool base*»eoior m i d
plus EgSG^ * He has found that one mole of dye acid 
will displace on# sole of sulphuric acid fron wool which 
has been1 previously- treated with sulphuric acid* He points 
out that the reaction of the dye with wool can be compared 
to the action of a dye on M g a e e i m  or aagneslna oxide*
The action of the color m i d  of Crystal Scarlet .on nag*' 
meaium is very slow*.only after several days m m  the metal 
eodMd with the magnesium -dye salt* With sulphuric meld 
present th© action is very fast due to the formation of 
magnesium sulfate * .The salt will react, qwaatatively very 
rapidly with the dye to form the mm&mmijm salt of the

•Id-



dye* sodium mmIt of Crystal Soar let does mot re act
with ss&gmesium oxito; if sulphuric acid is added It Aon 
so very rapidly dm# to the formation of aep«iiw» sulphate* 
F@rt states that the stripping effect of sodium sulfate 
of dye from cloth is' merely a reversal of the notion g i m  
above* He also states that usfoem mordants are used... the 
same theory holds*

bo show that the salt formation theory and the solution of 
the dye la the fiber theory will mot explain the known facts 
of dyeing* ‘they claim that the fiber seta as a true. co­
agulating agemt like Al^O^ and both coagulates and adsorbs 
the dye*

the authors haws believed she®leal compounds to have been
foswd between the dye and. the mordant* Bab it remained

SBf or 0ordon and Marker to prove that thews eompoumde 
actually exist* In dyeing aluminum and iron mordants with 
Orange II dye, they isolated compound©> iWing the formula 

and FeX^, where X represents the dye radical*

chemical reaction of the dye and mordant was preceded by 
adsorption* When a dilute colloidal solution of the blue 
color acid of Cong© led was mixed with dualism*® hydroxide* 
the latter adsorbed the color acid and acquired a blue color* 
On suspending the blue precipitate in water and warming*

We find many references in the literature where

as recorded a . ease where he believes
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■awMii® hydroxide was added until all of the metal 
had precipitated* i&e gel was washed free from suit- 
rides by deosnlation. fhis usually required six or 
sewwn days. la most of the experiments the gel w m  used 
mixed with gush a quantity of; water that It would b# 
readily drained free from a fifty ernMe sent looter pi­
pette from which the tip had boon ©mi off im order to 
allow passage of the large partiol©a of gelatinous mater­
ial. fhi® method- of measuring the amount of gel m m  
m m 4 in all but an© experiment« there it was objection­
able to hmwm smsh m largo quantity of water present the 
gel' was filtered by suction until all tte water possible 
had beam removed, The gel in turn resulting condition 
was weighed up cm the balance in a stoppered weighing 
bottle. the silica gel was furnished by the Bairldson 
Chemical Company. Before using it wma ground small 
SBSWgh t o pass a one hundred mesh si ©to washed by de­
mon tat ion ant allowed to dry at room temperature*

The m|ter eontsnt of the gel was determined 
%y heating a sample for twenty-four hour® at 105° 0« 
floe Iroa p p sSJbl̂II, ^̂i3*fconsJL',̂2̂ iwsi3?@ -Cipi ®»
©ou&iticm to t# im m plpett# *0&%fl£jM4l
S$>f8 water*

the dyes used ware donated by K* I* &n Pont 
d© lemomr® and Company* the seid dye, Orange II is- a

—I t —



sodin salt asit toe tests dye Crystal Tiolet is a 
ehlori&e* Fotamlm dî hy&rogeii ptesptete§ the salt 
a&dad m s  2# £* Baker*. C, B* material. ^* M

V 1 jIŜ erimeiibaX Broeweftar** |
In toe adsorption of dyes by ̂ ls Gordon and 

Harker^ Mam shown that equilitelnm is reieehed if the,
the gel m m  heated te 100° 0 for two hows with:-

f ~ , ” “ *  — * *  m m ”  “  " “ “ f 6  * h o -  “ *■i& order to obtain .n^bm adsorption of potassita &e~
hydrogen phosphate by inorganl© gels the mixture must he

■ \
shaken alraest eontimoualy for seventy tew hows# tons
w iie n  «  * “ «  d * a l r # 4  t o  * * * •  w l t t

the dy© and phosphate # the solutions were pat into EhO ee*
ground glass stoppered bottles * heated at 100° for two 
hows* then shaken eonttmuGualy for three days in- a 
Mshaalml shaker*

After this the solution was analysed far 
materials wsahsorhed. to# solution m m  separated from 
toe gel by an ultra filter* tois was- made by pouring 
toe mixture of gel and solution owr a filter paper 
until toe paper, ted tee one tilskXy eoated with gel. 
toe whole solution was then filtered through this*

teteminatloa of adsorbed Materials.

toe a&sarpbicm was tebemlasd fey analysing



tug solution before then

thee#

In

of material
the &ye. w m  determined by titration with ii-

to the 
o f

U I .  B u

direst! one are as f ollow® s
im lOOeo'

T h e  e n d  p o i n t  1® t h e

in 50 m

Boll gently

a

hot under <50® with *0 
1® from red to

T iO i* ,  e o l a t i o n *  T h e  j f i m l
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point i® approached#n
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decompose It by tolling
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and the latter found to he the most



iory* potssslmai was determined by pre o ipl tail on
with pl&tlmle shlorids amor&img to t&e XIMd aXs4a.an 
method* The phosphate was determined by t.~w mtmonlust 
moXyMdat# method* fa tbs saw# of Crystal Tiolet the 
dye rŝ oirod by pfoatpitabioii with aodiu® hydwo* 
xide.

Bsttratmatio® of tt# Hydrogen I<m Qonmntvm^ 
ttom of Solutions used*

The bydrogom ion ©omaemimtAom of.aU ©lear 
solution m m  determined byssesna of the Bailey SlMtrods* 
4 normal salasse! e&wwtrsde was used with this and the 
readings taken- on a Leeds and Horthrup "Stm&ent fyp©1* 
potentiometer*

In orier to obtain the Bh of the dye aolmtioiis 
and of soXmiloms eontaimimg- colloidal material a 
motif lad form of. the Hildebrand type olaotrote mm: 
wed. ' ■ The sXeetreds m  a single plattawa wire ooattft 
with plating black* Before using this it m s  saturated 
witt hydrogen by eltatreXywls Am a so&lwm hydroxide 
solution* It. was found that this ireattemi insured 
atroeh steadier reading® in dye: solutions* 1m making 
a doterm! mat 1 on tbs solution was saturated with hydros 
& m  before tt® slMtrods was immersed in it* For



Crystal Violet solutions and clear solutions the road*
inge of this electrode could be checked with those of
the Bailey electrode* But with Orange II solutions this
is not true* With Orange II all readings were determined
in duplicate on the electrode described above as soon as
a steady reading could he obtained after the electrode
was immersed in the solution* While it is not claimed
that these values are absolute, they are the heat it is 

*

possible to obtain under these conditions and they allow 
excellent comparison for this work*

m z m m m T A L  results*

The data on the adsorption of Crystal Violet
(a basic dye) which were presented at the Washington14meetin of the American Chemical Society are tabulated 
here to show the contrast in the effect of the phosphate 
addition to an acid dye and to a basic dye* This will 
be referred to as confirming the theory of the action of 
phosphates in dye baths to be presented later and it is 
desirable to have it at hand for reference* As would be 
expected the results with the basic dye are directly op* 
posits to those with the acid dye*



fhe- following table a show & comparison of 
the Crystal Violet dy© adsorbed with POÎ PO^ presents 
«m& when no s a l t  was used. In. those experiments the 
H£ was Warded- by -using sulphur ie acid and sodium lrr~ 
dr oxide.# Whe soluti ona used were *§fl dye and *51fKEgF0^*

TABLE I#

•The i&ffeef -of Phosphates on the Adsorption of Crystal 
fiolet {a basis' dyei byj «• «•-"»»«•• - •••*
!Ph of salt .pi of hath: M &&» of dye ads* per ga dry gel 1
.*■*
isolution after ats*:

*
With KEgPC^. present;*

*
no salt prei sent :

I x*x
* 1 #4- ■*

1 3 5  ;*
1*52 : %*

1.1 ;
2*3 ;

1*1 \

2.4 :
; e .?4* 2.75 2•# 2*5 : 3*1
*
> * 63 • 5*14 : * 5*2 : 4*1
! 4.67 :« 3*16 :t

*3.5 : # 4*2
; ■ 6*68

'.1
; 4 *43 :f » 7.3 : 4*6

: 638 4*10 : 9.0 s 4*7

•►2d**



The lif ife e h  o f fh o e p h n te s  on th e  ads-. r a t i  an o f  C r y s t a l

Violet ( a  h a s i c  d u e )  b y O X tK lim in G e l .
1 ..........  ^
5 Vh. o f  s a l t

___ ~

VII o f  b a t h hsn #  d y e a c is . i c r £4i* d r y  , ; e l ;

* o o l u t  a m a f t e r  a d s . Ir3l2pio4 or■ 'cccnt . v/ 4 '
h h ju n  e a l  c ~:

I 1.52 2 .9 1 3 . 0  :

| 2.31 5 *3 0 4 9 . 2 4 . 0

: 4 . 0 5  : - 5 .9 8 1 7 3 .4 7 . 0

; 8 .1 2 6 .1 2 2 X 6 .5 13.0
; 6 .4 9 6 .3 0 4 3 9 .3 1 6 . 0

; 0 . 8 5 6 .5 4 4 4 9 .X 1 8 .0  :

f )B :h h  111*

The h h h fe c t  o f  fhooo h n te s  on th e  h h a r u t t l  r. r ,v" C r y s t a l  

(a o dye) tu iton Col*
j '5H o f  s a l t *  oh o f  bath- tium. dye . r.ds * •>-ot-..^ aro r:s?h
| s -Inthan

: 2.50
: 4.45
; 0.12
; o.49

v .05

* after ads.
*

; 5.37
■*

; 0.24
I : 4.14
; 0 .4 2

o.oX

KK ’* . *** ,f‘l V* 4*• .1 \.y O ■?•• i • !Jt

578
480.0
*' 8"-. oh'...- i../ h- p ̂

1001 .4 
aXXU « r

w i t h  o u t  s a l '

2 8 5 )

4 0 . 0  

40 *2 
4 7 . 5  

48 . 0



»

lb is ©een from the ©bow data that th© effect
of tli© phcmphab© m x %  added is -. to' lnere&s© the mtoorp- . 
tlon of the bsai© dye*. ®fce W. oooJLd not be ©arrlsd any 
higher dm to the tf© pxeeipitaiing; out. of solution. The 
tables. ©how t h &  ifamti the bacie'iy© i© ‘ aided t© the both 
th© i?H -..i© loured* ; -This i© ©ansed. by the hydrolysis of 
the dye. Crystal Violet. is a ©ait of a strong a©id 
(KC1) and a weal: dye baee* K«n&© the offset will b© to 
lower the 1% of the ■©olmtlom .'to whiehit 1© added. Iron 
gel' ©earn to be. the iMiat .adeorbaat for , the haul© dy© and 
a© ill! tt noted In the following tables- it is also- the 
test adsorbent for' phosphates. ' Both the potassium and 
the phosphate adsorbed to the above experiment were &©~ 
iermlned* fhe data Is for all three gel©.

USES If*

She if feet of Crystal Violet Sy© on the Adsorption of
a© id

WBL of bath * ag©u' per gram of drygel. •
. .. 1 . . s- t. . g#after &&©+ *K)^ ads. dye ^04©da^^ K ads.dyfe & ad© no dye ?

J present dye* * present : I



The ISjbfeet o f C r y s t a l  V io le t ,  Ippa ; h s , / r j v i « n

>f Po tassirr^   ̂o 1 d 31%oupi,atc uy A.I unliiua ft.© 1 *

; 4T o f  bo .th r y i  * h ' no % h a d  n .% ,, r s  " o f  d r , ;  y  e l  •

- o f t e o "  a d c .  
«

PCh rvho, doe*r .s. »
*••> •

" .. ■ 1.1 * 4.. , , O .3 a l s  •
26

f> ''V,-* * .> 1- . ■ h ■:/. o oh t 7.0 d y o ' ” ' : ■roe e-no no Pyo

: 8 .3 1 1 2 ? *o u l u  '. 'V'“ * A tt 4 • 7

: 5*20 .134. ■> E d j . o  ! « .1 0 * 4

: 5*0'l 1 1 0 *0 2 3 3 .0  ■. 1 1 *4 10  * is

o • 1,3 1 0 1 .2 827.5 : i ' \  A  
-  * x o . o

•,.j ■ o? ) 1 0 4 *3 3 8 3 . 3  : 0*5 1 1 *1

-* * O0“. r \  n ?\
..• O « -» 8 1 8 .0  ! 1 *0 1 1 *5

r h .h VI,'

The Effect of Crystal Violet If/a on tac ;Av )V)t±
V o te r s; :h.in _7:cne! oho  a -ha to "by ^Iron Cel *
J :47 o f batlP -. ads jrfce&^per yraa o f  dry ye l

5after ads ♦*VO , ado. dye 300̂  ads. 33 ads • Pt- o I h ado*rt- 8 to * ** orasent I ho dye ; ■•resayit I no dye*
• .5*2? 272*5 * **~ : 1 7 . 9 :

6 * 04 3 5 4 .3 * : 2 6 . 1 i 9 1 . 0

ĵ * 14 2 5 8 . 6 « * 2 8 . 7 : 9 0 .0

* to * 4  0 2 4 7 .3 -  3 3 0 .0  : 80.2 : 0 2 . 0

: 6 .3 1 255.0 : 2 7 6 .3  ; 2 3 . 1 : 7 6 .3
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experiment} the PE was varied wit,., sixlP ; m i e  acid and 
sodiiaa hydroxide. She solution u s e d  was ^ 5f5 dp̂ e 
and .OSIuGÎ P:.̂  •

TABLE YIl •

The E f f e c t  o f  P o ta s e - iw a  .acid. P h o s p h a te  on the a d s o r p ­

t i o n  o f  O ra nge  I I  b y  A lu j& in n n  0 -e l .

SJo Dye an d  .OSEKH^PQ^.

'PH of original Final PH ngjn. dye ado . p or ,y;i. dry
©alt Buiutiun of "bath Phos ihute ores out no salt

3.6G 5.05 30 279
3.13 5.51 *26 186
3.38 5.43 27 185
1.40 5.73 15 177
6 .49 S. 02 f A“:.f 170
'/..OS 0 .50 I 166

T h is  d a t a  i s  i l l u s t r a t e d  m ore vidi&Xy i n

G ra p h  I *

I t  i s  r e m a r k a b le  t h a t  h e s n a i l  am oun t o f  

s a l t  a d d e d  t o  t h e  d ye  h a t h  s h o u ld  m a le  s u c h - a  m e r ite d  

decrease i n  t h e  a d s o r p t i v e  pow er cv" oho p e l .  I t

- & 9 -



mX^xt fee eacpeeted chat the gel has- pwferenbiaXllr ad- 
sorbed the piioe ohate * but ike loll owing data skips that 
there is alee a great decrease In the phosphate adsorp­
tion*

% m m  ¥iii»

fhe Adsorption of Potasatom Aold Phosphate by Altm- 
1 m m  Oel In"the Presence of 'Orsags II Bye ■

.5?b Dyo ana .OSHCHgPĈ
PH of bath.:: of 'dry f*el

r ads *:P0 ads .dye:present *
IO4S&S, 
no

K ads dyer
present’ *

K ads no 
dye

6*06 : 146.0f 658.5 oo : 
.♦

9*0
6*61 : iif.e 644*0 oo : 9iS
5.46 3 106.8 647*6 oo : 9*7
5. ¥3 ; 96.? E6S.0 4*6? ; 10. E
6*08 ; ?a.f S31.5 6*16 'J 10*6
€.66 : 46.6 Elf *5 ♦■•*► * «**■*

v m
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Graph I. ^ds. of Orange II by Aluminum Gel.
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Graph II Adsorption of Phosphate by Aluminum Gel



A c e v -p a r i  s-,n> o f  ta e  pace ,g..a :,e a u s o r  g l i  ■ ore i s  ^ iv e : : .

I n  G r a i :  I I *

I  Ac g r e a t  d e c re a s e  1 '  Ado a d s o rp fc l  m. ex t  A e

y.hos'i...ate cannot be balxr'oecl b Ade -/or- sliylxi ad- 
s c r x i i a n  r l  tine d y e *  TLs sar>i ;Lc ;;enceQ ,I d e c re a s e  in 
aas eu is r e d d  l;r: Ida 1 :A 1 j,-< IaL, data la iron gel*

TLo Affect ex Potassium Acid 'Pii-jcgiiats o* :.Ae Ad 
sorption o. Drange II by Iran del*

Dye a,d *051̂ 11.̂ 00̂
r' .'-"ri * d ' i  a rlHI of original: PH o f lath 

s.--It so In.t i eii * a f31 er ads * 
2 * 7 5  ' 0 * 09

A *16  : 6 . 2 5

4*66 : 5 • 4-2
‘ i> *  >•-' .V

1 .0 5  * 5 *7 0

■ •■■r. 
- * •  '-

,\rn.&ry ;el.
Phosphate gre *-H aa.lt pi-ê ent 

d' - 225
10 ’ 50
10 ' 70

00 * 05
00 * 62

tain i.Qsgliate and oat&aelxirx adsorption aas also Geex-eaood 
below normal oven tlongli d-j dye eas u<U;>orbetU

- 31-



TAMM X

ffae af Pot&ssim Xeid Ifeespfcate "fey
I m  OeX i-Tv t-b» pressnse of emsne II Oye*

By® end ^jjPCT^FO^ ■1 i '*'
ill of baths BiPju rn&Mm m x  &$sm ox: dry,. ,#el»- , :2 $ 2 2 I *$■ efts* s&s#'; PO ads«&y$1PO^ste• :X* edfc dyesK tdt*':
? ;. ' 3 s. t . 2
X 2..present *no dye .-present :&o dye
t 5«09 5* 211 #1 #* —** ■ s 21 *4 : -4&L#0
t*m. *•» * 200.5 *

«* • J*—* : -24*2 I 08*0e*i &*4a e* 188*5 •: ** m ®  I m a i 22*0**+. 6*60 «* 150*2 %• 220 ! 22*6 s 8 0 * 0
3 s*?t *» 1^0 * e ?

•
4 3X9 . J • ita t f l * 0

1st orlfp .'to. dots ri&ine whether tM© decrease in ad­
sorption dm® to. tit® PQ^ ion slcm* oi to other 
Iona present* an experiment mmm rmi when phosphoric 'a®id

Tfv, ^ . vm i  added t, t-c dye solution* thrying amounts of the' 
M i d  were m$’e& .in order to eery the PH# Of eswae there 
mi^ht be expected a ehas^t in ade oration ..due to the 
varying eonceii trail on of the Mgniivc; redisal* I* 
the -following esperlisCKttr one gsnen of Orange II dye 
see ■ dissolved in 200 ee of phosphoric sold solutions



add added to 1*02 gran® of gel

1?AB'LK El

The Effect of Phosphoric laid on tee Adsorption
of Omaig® II by Iron Gel,
Final PH ffiga. .per grass of dry gel*
of bath

*

PQ^ originally; ads. hye ads.
present J

4*30 363.5 g 333.5 00
4 .35 E17.8 1 202.9 00
5*16 164.0 : 153.9 00
5*39 102.9 *. 97.9 00
5.36 92.3 : 86.6 00
5.44 61.9 5 58.7 00

This table shows eutislus Ively teat the out ting' out 
of te© adsorption of the dye Is due to tee phosphate 
and not to the presence of other ions*

Raying established the fast that the phos­
phate was the offset It© agent in decreasing the ad­
sorption of tee dye it he earns o‘ur .problem to determine 
if possible .$vmt why the phosphate should do this*



Oozios and VutaHrSrt* atom that th# taking
mi of Grange 22 by AXmmimm® and Iron gols 1® a ohcmieal 
resetion and mot merely a M l  of surf me® adsorption*
JuMceNttmg to this then the observed fasts should offer 
explanation either on the basis that the phosphate is 
a®ting on the gel ant preventing it® reset! on with the 
dye, or it £® acting upon the dye in soluti an im such 
a Banner that It prevents the reaction talcing place •

Taking the latter Idea first, it m m  thought 
passible that' the phosphate might have am effect of 
increasing the solubility of the lye in solution an! 
the* making its taking up by the gel more & iff! cult*
So am erperimemt mas run to determine this • It mas 
found that at the oonsan trat £one of phosphates used.
In the experiment there wmm no debeebabXa Influence 
upon the solubility* - Sub if a large quantity of 
phosphate is added the solubility of -the dye Seeresees 
end may be precipitated out of solution* This would 
haw the effect of increasing the adsorption by gels 
rather than decreasing it* Another thought that
owing to a change l;m the tberaodyMnle mmtrmmmt of 
the solution on the addition of phosphate it might 
bah® a longer time for the dye and gel to reach equil­
ibrium* So mo experiment was run in which the dye 
m s  allowed to .remain in contact with the gel for a

- 3 4 -
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Tb& data shows that there m m  no adsorption of dye under 
these sss&itlens even after teimg; in the pres*®** at
the gel for a period of six month©* the phosphate a&~ 
sorption ©hanged only very slightly a M  the HE ©hows 
a eorrespondlsgly> ©light change* It was eonslu&ed then 
that the' reason -for phosphate- emtiimg oat the e&serp* 
tio® was not to he found in Its offset mpom the dye in 
the solution**

Om the basis of the other Idea mentioned 
above that the phosphate deersmed the adsorption of 
aoid dyes teems* of its offset upon the- gel* It was 
thought. passible that the phosphate sight te adsorbed 
om the surf see of the gel and thus prevent the gel 
rose ting with the dye*

In order to deteimime this It was decided 
to m  am experiment la whish the gel would, he allowed 
to adsorb the phosphate fro® the solution before adding 
the dye* If mo adsorption, tooh plass it was thought 
- It might be © onelu&ed that the phosphate seated the 
gel im ©rneh a way as to prevent - its rose ting with the 
dye*

*5 gnw of gel and 100 ©e ■ of potassium d&-* 
hydrogen phosphate was boiled fox9 two hours then sfeatea 
for three days in a mehamieal abater* IS 00* -of the 
solution m m  them removed and tested for phosphates*



C* 
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9* 
99 

♦» 
9* 
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•«
Them X&0 m  of m X$ dje solution was added and. the 
mixture again boiled and &«&en the same as before 
fhe following results obtained?

■ 'TABLE XXXX
%

Tbs Kffsst of Iron G«1 Adsorbing all tbs Fboaphats
frm th* solution first, than adding Prangs II. .
:Pinal PH*Orlg. FO^ag* * PO in sup**** :®y«:PO ads.rag® : : •• asAsnt llguid: spsr get dry '■of batb ip&r g® dry g*l befors dys :ada:gel in final? 

■'* *a 1 „„ _ 5'ad«*ft i sbatb :-'9«jSk. • : «•*? t »©»* ;0Q '? 69.4 1
6*78 ! 187*4 : tiast >00 | 106,4 :
6,76 j 190*1 quantity joO • 186*8 1

• * * * *8.86 •: 864,8 : quantity joo • 184.7 •
* « 2 1&♦*? 5 63*9 j name ;00 : it*?

It will be noted that there wee no %$ adsorbed #r@m 
when there was no phosphate in the sppernaiemt liquid 
wiiem the djrs was added* $h* data shows, bhom#if that 
mom of. the adsorbed phosphate m i  redeemed to the ‘ 
saXuti on after the dye warn added* this- wight hears 
been swpeoted, siaee in fable XI It was shown that 
in the presenee of Orange XX the amount of phosphate, 
adsorbed is'proportional to the o .meantret 1on of the

9* 
»*



solution. M e t  whan the solution m s  diluted with the 
dye wo w raid expoet some of the phosphate to he re­
leased* This point is illustrated- in Graph III.

Since same phosphate was reloused to the 
solution this experiment does not prove conclusively 
its original purpose« It does show though that the 
dye will not replace the adsorbed phosphate on the gel* 
It he case important then to know if the dye was ad­
sorbed first would the phosphate displace it* In order 
t) determine this the following experiment was preformed

150 oo of a *l&fi solution of Orange II was 
boiled with the gel for two hours and samples war© 
removed for analysis* 100 ee of •OSHKH^O^ was then 
added to each solution* Shis was then shaken for three 
days to attain equilibrium. The PH of the original dye 
solutions were varied by adding sulphuric acid and 
sodium hydroxide* The results of this experiment are 
given in table© 13 and 14.
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f ABUI XIII

fhe Bffeet of Allowing Aluminum Gel to Adsorb Orange U  ■ 
first then adding Pot as© ium A@l& Phosphate to the solution.

i
adsorbed, per ±.J£X.JS!k

*’H! after;PH of f in- ;Dje mds :Dye adsir
♦ * al ba-th *ded

Bye re- :P0, ads

5.2 : 4.8 1459 . 4 :i!9.59 ; 873.9 * 150.7
5-3 : 4.9 :511.1 : 24-. 3' -* ; 286.8 ; 119.1
5.50 : 5.2 : 67.0 : i5.o * 52.0 : 86.9

IIS XIV

Iffeat of
adding

on*igrrPK of"

ig Iron Gel to Adsorb Orange II 
Potassium Aeid Phosoh&te to the

*
*»

5.05 4
•
*
4.66

*
*

9
*

5.11
♦
•
4
«

5.42
*
*
* 5.48 «

«V
5.69

* 5.49 »’

• 5.68

Bye •a’dgr ;1•■Bye1 -stev1-Bye Te*1 • ■d?@k adsbefore I after leased * 3̂s

©alt adI salt a&T 9

ded ded. ; *
407.6 I 24.4 * 385 *2 • 166,*0-

m

346.7 : * 21,. 6  : 
*

224*7
•

141.0
9.7 j

•
2.0 : 7.7 * 114.4

9.7 ; 2.0 : 7.7 ; 120*0

-z$-



The data shows that a M #  -percentage of the dye
is displaced by the phosphate • At first thought it 
would, seam'that if this were chemical replacement an# 
equivalent of dye should be replaced by on® equivalent 
of phosphate* These values ware calculated ted not 
found to agree in any ease* This Is as it should be 
for undoubtedly some of the dye. was released on dilution 
of the. solution* Or in other -words sgme of the dy© 
compound already farmed is dissolved cm the- addition of 
the phosphate- solution*

The data presented thus far seems to show that 
the effestlvenae* of the phosphate in. reducing the ad* 
sorption of the dye is due to its effect upon the gel*
The theory wmm then advanced that the phosphate coveredV
the exterior surface ‘ with an insoluble phosphate. and did
not leave-any ferric hydroxide exposed to react with
the acid of the dye, S&is is in accordance with the

4theory of - Cordon and Marker where they suppose that 
the dye is adsorbed because of the s odium salt * Orange 
II, reacting with any acid present to form the acid dye 
which in turn reacts with the metal hydroxide to form . 
the Insoluble mial^dy# salt. It is well known that .i
iron and aluminum gels- are precipitated in very large 
particles, and iust as the reaction of sulphuric acid 
on lead is stopped by lead sulfate, here the react ion may



*« 
*» 

• * 
»#

be prevented “by the foimtion of iron phosphate on the 
surface of the gel. If this concept is true wm should 
he able to increase the adsorption of a salt by taking 
these larger particles of gel and hreading them apart 
so as to expose new s urf aces.

In order to prove this point samples of iron 
end aluminum gels were allowed to reach a maximum ad­
sorption with potassium acid'phosphate, The -gel was 
then removed and ground thoroughly in a mortar for ten 
minutes;it was then returned to the solution and placed 
in the meehsuie&l shafeer again. Samples were removed, 
before and after grinding the gel, for analysis* The 
IE of the solutions was varied .by adding potassium hy­
droxide* 1.05 grams of gel (tOj£ FegG$ and 74.5JI Algpg 
respe.etlvely5 were used with 200 ee of .ObBKHgPO^.

fABLE XV

The Effect of Further Subdivision of the Particle of 
Aluminum Gel.
VIE of original : PE of hath: IE sfte z* •salt soXations ; before : ■ * Mforeimf ter :iner#use

4.683
i grinding 
*
: 7*168 
•

: grinding* grind-* grind-
• « ilLET * 4 ttg  *
• 7..405 i 138.4 •147.7 1* 9*3

5.799 5 7.328 
•

: 7.402
f- :135.6 :143.8 *- 7.6

6 *E8? : 7.632 : 7.641
*
•127.6 *182.5i♦ 4*9

7.GS4 : 8.081
•#

: 8*182 *i 94.4 1 97.1 :9 2*7
m * r m I 9.41? : 9.852 *: 41*1 1 46.4 : 5.4



TM.’r .E  XYI

The Effect of further Subdivision of the i5art icle o f Iroii Gel.
: PH of orixi- .;)H n4’ bath •ft of both rngni • '■ 0 ado. pirr m  dry g«l
;]}&! 811 It sol- before grind­ e ft e r sriad- ’HfefoFe iTtir incroas.
: tit ion ing insr : gri. nd- : lag

s:r i rid­
ing

! 4.663 7.151 7.354 166.2 171.5 5.3
] 6.799 7.606 7.439 163.4 166.1 2.7
: 6.269 7.557 7.684 154.2 160.7 5.5
• '\7 .084 8.098 8.149 121.2 126.0 4.6
;10.718 b. 706 9.088 58.7 68.8 10.11_TV,n.r r__-_ ... - - JMI- ■ r_, ■ ----„ - ► * _____—— — --.-U... . .

-4 2-
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ta&en mp from the solution* $hi® 
tli# n th© explanation of the f&ot 
out the a&aorptlon of as aoi& dy® 
the-

by iron gel* If 
be penetrated

ti. V-

it the &y#
©eat© following? tills

it is reasonable- to suppose
film* But la exi
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arately for e&eh acid*
the gel was added to the dye solutions 

It m s  mixed with a considerable guanitly of lattr,
{47 gas. watir pin© 1 gram gel} * Thm dilution and 
the PH of this water had an effect upon the final PS 
of idie hath, hut ateee this ms constant is ©T©ry ease 
it does not enter into the comparison of the effects 
of the acids* fh# water with iron gel had a PS of 
7*5, that with aluminum 8*54 and with chromium 8*55*

fABLS XX

fhe PS changes during the adsorption of Orange XX in
the presence of M U  - .
t : : :jIS ©f original . PH of solution* PS. of hath- after equllt~:- :«M»id solution * after adding X% hrlum was reached*. :: before dye added* gm of dye to 1 : *# :
t i 800 ee sol* : A1 gel: ftp **li Fe gel* *♦

. : I : ait :1 &3§ ; 4*4 1 6*45 -j 6.§X : 4.74 *■*» t
z 2*66 * 4*0 *•#i 5.85 ; 4*tS ; 6.34 *4
: 2U53 : x .

# 5.48 I 6*tf ; 6*18 *♦? * ■* * e4 _ I z j*•* l*rtd | X *e 5*86 * 0*80 : 5*10 ♦
2 . : : X . m  : X *#

.1 5*88 ; 8*47 ! ■we*wiwe iw». 4
i...... i iIw ,Ii. . i...,« ,i.-Iw. . , ^ . <.4»« .MW..O T, ..n—L i 1 I-, . . . . . .W..» „-,L

In the solutions marked x the PH could not he tdken due to 
the dye precipitating out on the eletrade.





the Mid is dm® to the neutralisation of the Mid by the
#

hydrolysis of the dye whloh Is this salt of a strong has® 
and a weak acid, fhe reset! on thus to m m  the aeld of the 
dye and the sodiu® salt of the aeld radieal* ' It use the 
format ton of this dye weid-thst mis it impossible to do­

th© WL of the solutions marked x, for dhern this 
is present in large quantities it 

on the eleotrode *
It will he not lead in the shove 

the final IE of the hath m s  in general below 6*5 with

dye was adsorbed* this point varies,, of course, with the 
different gels* But with phosphor!© sold before any quanti­
ty of Msorptiou would be obtained the final PE of the bath 
was lowered to 3*3 for aluminum gel, 2*5? fox 
and 3*0? fox iron gel*

A few
t o the

whieh bad given little or no adsorption* A pre­

ens of the 
or sea " “ was to

1m an i©nimble



f adsorption would have resulted* At almost any lf£ 
value whan sulphuric or hydrochloric acid is in the pro— 
sense of aluminum, iron, or chromium gelt Metallic ions 
m  11 bo liberated because of the fo mat ion of a soluble 
sulfate or chloride* With phosphoric acid reacting with 
the gel, aluminum, iron or phosjjhat® mould form,
all of whioh are relatively ins oluble except in more eon-

the liberation of the metallic ion is asesssasy in order 
for it to roast with the dye and fora the metsX~dy© @1^01 
then we should find, at the SH valxxes where adsorption a i

soluble and will yield ferric ions in solution* In order 
to determine this the following experiment was preformed*

m m  prepared by treating 
with ferric chloride* A 

was obtained which became curdy on 
boiling* fo e<iual amounts of this were 
amounts of 9W  phosphor is Mid * this 
stand for a few hours* In m a m of the tubes it could he 
seen that & m m  of the farris phosphate had dissolved, hut 
f oss white precipitate still remained in all of them* The 
TO values of the solutions were determined and they wore 
tested for ferric ions with potassium sulfo—cyanide * At



m m  a fsl nt test for ferrio tons lower than this at PE 
2*07? and 2*020 the number of tons In solution increased 
greatly* this ean bo tested qualitatively by adding 
KCHS to forrie chloride and then adding the solar
will disappear now if phosphoric mold is added, the ahar~ 
aeterietio rod color of forrls lone will reappear duo to 
the ferrio phosphate fornM dissolving agAin*

In ardor to eonfir» this and hair© condition© exact­
ly tit#: same ms In the dye adsorption experiment * Iran gmX 
wmm mixed with phos g&or 1© aadd solutions of various ©an- 
©sorter at ions and sub Jo©tod to tte same conditions which the 
ads osrption of the dye m  oarriod out* Eosmlts wore ob­
tained a oaf Iraalng them© given above* With solutions of 
IE- above 4*00 no ferri© im m  were found la solution. He- 
low this the lower the PE the more ion© there wars present* 

Aluminum phosphate was prepared by treating a sol­
ution of potassium monohy&ragea phosphate with aluminum 
ohlorito. fhts was treated in tha smsio manner as tbs iron* 
A total of seven solutions wars used* In these- tits nusber 
M  almsimum ions present seemed to pass through a minimum 
at fS of 5*6 above this number of lorn present inorea sod 
and below this the lower the PH tbs greater was the nuM* 
ter o f ions present * It is believed that this is due to 
the siapolheri© nature of the alumina* Referring tech to 
fable It and fable 22 we find that the ©mount of 0ra$gs XI



adsorbed passes through a m X w m m  then the final VE of 
the bath corresponds Terr closely to this*

Chromium phosphate was prepared in exactly the same 
maimer as iron phosphate and a similar experiment tried* At 
a IS of 6.0 there was a trace of chromium ions im solu­
tion but they did mot appear in an appreciable amount until 
a M  of 2.8 was reached* lower than this the amount present 
increased rapidly. Referring bach to fables IB and 22* 
it will be noticed that with chromium gel a small amount 
of dye m s  adsorbed im the presrass of phosphor 1© acid at 
a RH of 5.6 but; the first adsorption of a large amount of 
dye was at a PH of 2.6*

In every case the adsorption of the dye ohce&s 
very closely with the mmmmt of metal passing into solu­
tion in the form of ions. Here we believe is the expla­
nation of the effect of the phosphate radical on the adsorfh. 
tiom of ®a acid dye* the amount of dye removed depends 
upon the number of metal-ions there ere in solution to 
react and- fom the laetsl-dye compound* Hydrochloric and 
sulphuric acids reset with the gels, fen soluble salts 
and furnish the metal ions to the solution, fh© men 
Mid then Is present the more metal ions there will be 
in solution hence we fin# the greater adsorption ©f the dye 
at the lower PH* With phosphoric acid, however* reacting, 
with the gel relatively insoluble salts are farmed m i  mo

—55—



lens mam furnished to the soluti os until the aol&ity im 
of sueh eomeentration t&at it dissolves these salts* Am 
m m  shown tlis solubility of these phosphates vary, Iron 
being the most insoluble*

fhe series of reactions through whleh this 
|?0d«@s of dyeing the mordant, goes are thought to be 
as follows? For simplicity 1st a represent the dye m&*» 
leal* Oordon ana Marker4 bars shown that the compound 
formed by tbs dye with the metals is AIX̂ , FeX^ and 0rXg*
Unmlnna gel and hydrochloric sett are used as an illu©~
trmtiofu

BsX pins HC1 plus HX — — —CX)
Shat IMs reaction takes place and fox m  the 

weaker wi€ HX ie shown by the great increase in FH when 
0range XI is added to am said solution * Bata Illustrating 
this are given in fable# #0,El,and Bl«

asm plus ji(®)s =̂± neig pins HgO — —  (a)
fhia reaction m s  proven by tfiling various mixtures of the 
Mid and gel end testing for the Iona formed*

jua, rt- ■w f 'i u , pius -avaci (s)
the salt AXXg Is relatively insoluble and is thus 

removed from the field of action* fhia reaction has been 
illustrated by crystals of m£g®£mmm iron, and chromium 
chloride into - a water solution of Orange XX* In #$@ry 
easean lna&iete precipitate result#* It la believed that.
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H m  i A M  to shift reeetion

he of the sma© nature as with hydroehl or t© meld*
■ With i&oephorle a-eid* reaction (1) la the earn# as 

with hy&roohlori®* But in m m t t m i (S) there trcmld he

to 1m m X k & M f  m  luhle under all the eomdltlone uaed and 
none adsorption of the dye was found in ail eases* fh#



at which 
to the solution* finally* it was found that iron

low 1H this

order to 
la say 
this la

to the point at which 
ferric tens to the solution*

fast® msea to indicate that im 
remowd from solution by a gel*

be im solution. 
Or

to f ona

1* fhe
of an ac i d

dye with and Iron gel,



Most of

I?* Iron and Aluminum Gala were allowed to 
frota a *©$ solution of Orange 11 at HH M u s

and the

¥« Ircsi gol was « U m t  to rsaalji with dye solu*
M o m  Im *0i

Even at the sad of this no ay# was

war# allowed to rsash
fj. a«ŝ £0£* ¥&# i^l8 W#r#

Im a mortar than put bask Into th# 
was an Increase im adsorption im all

XX by iron,
was triad with . the

of dy# with

of dye with
Iron |j|#ls Hi^i adsorption of dye with H01 and





In phosphate solution© at the mrnm FH where adsorption 
of Orange 11 w s  f otmd.

COHCLU3IOSR3

The decease in the adsorption of an acid dye* 
Orange II* in iron, aluminum and ©hromitat gala {©ortents) 
by phosphatase 1@ not duo to any off sot of the phosphate 
radieal upon the dye or the solution * It la dee to the 
phosphate forming a relatively Insoluble eompotmd with the 
gels, hene© mot furnishing any metal ions to rsaet with 
the Aye m i  ft» the met&l-dye eompound whloh la the 
cmise of adsorption* At high hydrogen ion eameen tr&tlons 
adsorption tales plaoe beeause the metal phosphate he** 
seats* soluble, The rsaatioms supposed to take plane 
during the adsorption of am sold dye Orange II by an 
inorganio gel are best expressed in the following sanations 

I*et x represent ■ the dye radieal ant using Iran 
gal with a hydroehlorle aeid solution of the dye for an 
example:’

MmX pirn H01 lam

3K01 plus FetCM)3 ̂  FeClg plus SEgQ ~ 
FeClg plus MX; ^  Fe% plus Slfadl -

m

m

m
m

m x  plus Fe(®)3 ̂ F s %
2BaI plwa P*{CK)aj^ F«ZZ plus SKaOH



due to reaction {&}* Some little may be due to reactions 
(4) and (S)«

Ĥilphiirle acid acts'wry similar to hydrochloric 
in those reactions*

Phosphoric acid acts in reaction (1) similar to 
hydrochloric* In reaction (£} phosphoric acid forms an 
in&uiuble iron phosphate^ thus - pveYsntlng reaotion{3) 
from talcing place mid no adsorption results unless the 
solution is made sufficiently as id to dissolve the iron 
phosphate»

Aluminum and chromium $elm act similar to iron*

•4K3Lt
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