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COMPLETE SPECIFICATICH

TREATMENT OF AG¥8e88 LIQUIDS

We,' ROHM AND HAAS COHPANY, a corporation 'or;;e;aized
under the laws of the State of Delawzare, United Stutes of

_Amer:.ca, of Independence }all West, Ph:x.ladelphn.a, Pennsylvania

19105, United States of America, do hereby declare the
invention, for which we pray that a patent may be granted to
us, and the method by which it is to be performed,to be

particularly described in and by the following statement:
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This invenfion relates to the treatment of 1:'_.quids,
particularly aquecus liquids, to remove therefrom colloidal
partlculate matter such as colloidal s:.hca or hydrous metal

The removal of silica from boiler feed waters he.s

become an important problem in recent years with the trend for

higher pi'essure boilers and ion exchange methods have been known '

for the removal of soluble ) 2% non-colloidal silica. The

mater.i.als which have made removal by such methods possible are
the strongly basic anion exchenge resins of the quaternary

ammonium type, either of the conventional gel stmehzre or of

-a macroreticular structure. Macroreticular resins ere those
' having a true pore structure and are described for example; by

Kunin et gl in an artidle entitled "Charscterization of Amberlyst

15" I,& B.C. Product Research and Development, Vol.1l, June 1962,

.40, U\N»MM’ s oo 'Mt“ﬂ Ciede Wode)

Since the 'operation of a high pressure boiler is affeeted
adversely by the accumulatlon of any form of silica, the prev:.ously
known methods for removmg only non-colloidal silica have not been
enough to solve the problem satlsfactorlly In fact, the 1na'b111ty
of ion exchange resin systems to remove collmdal silica has been
a severe drawback to the use of 1on exchange methods in _the '
deionization of waters for'_various applicaﬂ:@ns. In e.dditioﬁ
to 'boile:es, for exe.mple, the electronics industry and the various
industries dependent upon applic ations of nucleaxr energy have
long had need for the removal of perticuf_late matter from the
waters which they are obliged to emp]_.oy,. and this heed hes not

'been satisfied by previously knewn gilica -removal or deionization

-techniques. Although shallow filter beds of finelj powdered

don exchange resins have been used to remove colloidal silica
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g:ad jron from deionized efflueﬁts; thei:f use leaves mch" to
be, desire& 'because of their limited effectiveness and their
inability to be regenerated. |
The present invention provides a-
/ A method of removing colloidal particulate matter f&vom
a liqm.d which comprises intimately contacting the liquid with
anion exchange resin particles havihg a macroreticular structure
and having an average pore dismeter which {s within the range
 from gbedf 10,000 to sbout 500,000 Angstrom units.
' The average pore diasmeter of the res:.n particles is
determmed as described by Xun & Kunin in J Polymer Science
IBZ, 587 {1964), and for the purposeés of this specification .a
resin héviﬁg an average pore diameter 6i‘, say, 100,000 Angétrom )
units is one in which 50% of the total porosity is contributed

‘by pores having a diameter of less than 100,000 Angstrom um.ts

;" and the rema.lnder of the 'I;otal poros:.ty is contr:.'buted 'by pores

having a diameter of more than 100,000 Angstrom units.
The macroreticular resins employed in the present invention have
a much larger average pore diameter then previously described

1y / .
mecroreticular resins whose average pore diameters have ranged

from 30 to 800 Angstrom units. The. resins employed in:he

process of the invention mey be made by the general method

described in U.X. Patent specification No. 932,126 a,p‘pro;;ria.tely

modified to ¢iroduce resins having the specified extra-large

pores. s - | |
¥When one a.ttexﬁpts to remove colloidal ..particulate

matter by conventional methods, as by using a succession of filters

' 'and/or by the use of coagulants » only very small portions of

these particles are removed. Customarily, carbon filte:bs_ are
employed for this purpose and this often is followed by use -

of a mixture of anion and cation exchange resing which will

deionize or demineralize the water. The effluent from such

e series of treatments will generally be devoid of all the ions
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“which one seeks +0 remove in order to make the water

useful in boilers and other such applications, except for

.si].ica, metal oxides or other colloidal particulate matter.

Now, by virtue of the present invention, such colloidal

-particulate matter is readily removed from the water and the

resin uaed can readily be regemerated sc as to ‘remove the particulate
matter' collected thereon and thereby énable the novel resins

to be used over and over agam in a cowmerc:.ally accepta'ble

cyclical process.

A comparison of the efficiency of the present process

with 'anaiog':})us processes using 'conventional gel and

mecroreticular type resins of the prior art, can be seen by
reference to Figures 1 .to 3 of the accompenying drawings which

. : s )
show graphs in which the vertical ordinates represent weight

-per.cent of colloidal silica removed and ile horizontal

ordinates represent time measured in days. The data presented '

was obtained using three different resins A,B & C (described

~in more detail below) and is plotted on the lines identified .

by the appropriate resin 'designation. In each case the resins
wére contacted, with continuous a.gitat:.on, with 20ml of water

containing 1000 ppm of colloidal silica, the data presented in

‘Figures 1-3 having been obtained using respectively (1) 4

grams of each wet resin 'at & contacting temperature of 27° c,
(2) i4.0 grams of each wet resin at a contacting temperature
of 27°_F and (3) 4.0 grams of each wet resin at 'SOOC.

Resin A veferred to abovf was a conventionsl gel. type

quaternary ammonium anion exchange resin in the hydroig’.de

form, which is .commercially k'nown as Amberlite IRA-400, and
v.}-uch contalns -N-(CH ) *  groups :mtroduced by chlorometh-

ylat:.ng and am:mat:mg & styrene/dinmrl benzene copolymer.
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_Resin B was a generally similar quaternary

emmonium anion etﬁl«\];aﬁ; eém fsvhgl(:hﬁi ymrc’ 1ly kxnown as)

Amberlite IRA-904, such resin differing, however, from Resin

i
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H
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A in that it possessed & mé,croreticular structure and had an
average pore diameter not exceeding 800 Angstrom units.
Resin C was similar in turn to Resin B except that it had

an average pore diameter in the range from 10,000 to 500,000

B e R Ce e e e,

Angstrom units

1 o _ 10 Resin C was prepared as follows. The raw materialsused
to :form a cbpolymer intexﬁediate were 900 ml. of water,
9.0 g. of dispersing agent .and 0.09 g. of "Pharmagel" (a
.specially refined gelatine). The monomer vhase was made wi"b_h

301.3 g. of styreme, 16.7 g. of divinylbenzene (57.1%),

The dispersing agent (207 solids in water) was an ammonium salt

of & styrene-mé,leié anhydride .copolymer.

| The éolymerization was ca.rriéd_oﬁt in a 2-liter glass

fiver-reinforced resin pot, equipped with s stainless steel stirrer,

o 20 . a reflux condenser, an addition fFunnel .and -a thermoregulated

' | heating mantle. The water, dispersing agent and Pharmagel were

o | fofmed into a solution by ﬁaming to 40-45° C. and the solution

| | was kept under agi.tation. The styrene, divinylbenzene, tert-
amyl alcohol, and azo-bis-igo‘butyronitrile were mixed together,

25 and, when dissolved, the mixture was charged to thé resin flask
a.lso._ The batch was hea.ted to 70° C. and heJé- for 20 hours.
The copolymer which resulted was washed several times m.th water
to Temove the dispersant and the tert-a_my; aldohol was removed
'.by's.téa'm'.distillation ;\;ér a period of about 5 hours. The

‘batch was then cooled to about___35-'40° C., and again washed |
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with water.

¥ 15 . 282.0g. of tert-amyl aldohol and 6.0 . of &zo-bis-isobutyronitrile.
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B3 B . 1,176,706 Amberlite IR 120, a.
-_sul fonLc acid cation ex- VWHAT WE CLAIM IS - - .40
-change resin (whi Theyrdynegenkioht eds dnt the3@orm of. bdhdﬂetwasddxzafinleérmm ng

co’;l | oi dal par.-
i o a suction filte? and drie_d to cor;stant weight in a steam' oven
% at & temperature of approximately 70° €., the drying process
: i .. taking about 20 hours. The Ury beads were then screened
‘ ._ 5 N 'beﬁeen -20-70 mesliu. screens(U.S. Standard Screen Series) to .
| | ' remové undesired ﬁne and coarse particles. |
| _ The copolymer intermediate 'beadé thus obtained were
then chloromethylated and amiz;é.ted in oré.er_ to form the ion

_ exchange resin. For these reactions there were used 212 g.

10 of intermediate copolymer beads, 484 g. (6.0 moles) of
. 'methyl, chloromethyl ether, 1200 ml. (1500 g.) ethylene
, - dichlorlde, 160 g. (1.2 moles) of A1013, 800 ml. of a quench
| solution made up of 6.5 NaH,P0, and 5.5% H,50, in weter

4 2774
20 g. of.NaHCOB, and 500 ml. of 25% trimethylamine (2.0 moles).

“Fhe resin beads, methyl chloromethyl ether and ethylene

R T Er o A bt e U )

e g |
dichloride were charged to a 541iter flask equipped with a glass
s“biITer; a themometér and a reflux condenser topped with a
CaCl, drying tube. The batoh was stirred for 1/2 hour +o swell.
- the beads. The A:L.013 was added in a num'ber of small port.ions at
20 . 20 minute intervals, keeping the temperature between 30~40° C.,
- " end stirring the batoh for 4 hours. The chloromethyl ether and
| efhylene dichloride were distilled off until the flask tempera.‘hzre
reached 80° C., and a'bou_t half the quench solution was added in
& fine strean through a dropping fummel with stirring end
- s o 25 external cooling to keep the batch temperature below 30° c.
; ' . After stirring the batch for 20 mimites the 'entire_ liquid
ph_ase was drawn off with a stick filter. Th_é talance .of 'l;he.
_q'ﬁénéh ébzlﬁtioh. was added a:nd tI;e ba.tch sfiméd for 20 ﬁinutes,'
‘the liquid being drawn ofil‘. as before. The resin was washed
20 several times with water; stirred for 15 minutes and thé 'quuid

ggain 'd:re'.ined off with a stick filter.
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' ch conpri ses 1" dianeter colum. Two~liters of a natural

_ppin of dissolved exchange resin particles having a macro-

injimately cont act frRputrelizingiselubion eonteining abeudr 28 & ppY %ﬁ@?l ni ng 100

ectrolyte

. anfl 0.05 ppm  eachaDdsodobd AndBU0 ml LlOLCHARE Pid WARSH,E tRE ol ibRgnaR tRMazATe

r - 45 [err] were passed through the di ameter which is-within the

rahge from 10, 000 for lfPxicureariindhé hrueidliventdraneddysetl f othe @BsiCWwast 0
.509, 000 Angstrom units. tivity, colloidal [err] The analysis 2. A
.mej hod accor di ng t agGmaivashed withl@atexhowed t hat 95% of the colloidal [err]
angl  which the aver age pore di ameter of the anion [err] was renpoved and

Wit the dissblved exchihdbis aoint ithewintination twas reanomplfisled bFOedding

‘elgctrol yte was reduced to less than-1 ppm 10,000 to 100, 000 Angstrom

Mts. o _ the aqueous trimethylamme in a fine stream through a dropp:mg

' | fummel, keep:mg the: 'batch at 'between 20 and 25 C. ’ a.nd stirring
it for about 4 hours. Any remaining ethylene dichloride was
stripped off by steam distillation and water added to keep the

10 slurry fluid. |
| The forégoing procedﬁre provided a wet yield of

approximatély 1460:g;: , v-}ith .a solids content of apprbximatély
27% and a dry yield of about 5%. The moisture-holding capacity i

. _4;_ S of the res:m was about 70%, the enion exchange capacity a'bout

- 15 3.7 meq./g. ,/;réiog}:ﬁy about 0.9 - 1.0 cc./g. The pores ranged

in dlameter from 30, 000 to 200,000 Angstrom um.ts, and the |

surfece area was 8. 9 sq.m. /g.

A comparison of the physical structures of Resins A,B & C

' ifai‘gset forth in Table 1 below. As referenée to that,te,bie will
20 ii_giicate, the g_el Resin A, Amberlite IRA-400, has no pores__and_
therefore no pore diameters which can be meaared. The coﬁventional
nacroreticular Resin B, Ambériite TRA-904, will be seen to have &
range of pore diameters from below 300 to a maximum of 1,900.
“'.l‘he third matena.l, Resin C is- also macroreticular in structure

25 but it has pore diameters ranging from 10,000 to at least

100,000 and an.average ‘pore diam{i_ﬁer of 46,000. - The remaining

: data :m Table 1 mdlcate dlfferences in the densrl:y and total

B ’ . .
- '.al;..

poros:.ty of each of the three res1ns,
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caus@\’of its high macroreticular nature the 3. A nethod according to
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e ani on exchange reS|n IS

oyed to t.oeat non-aqueous

| oi d-  hydr.oxi g ”bf the ﬁ&%%é&hﬂy o S EQANCEIAMBL A $4mleb COl UMM
A net hod- accor |n,g Clarm 55 of the dry, hydroxide form

Resin C was i &r%ﬁnebuéﬂse arp:em ﬁzgcmaﬂgmp%nséee tikt BBe nighfpund to

nove a-trace of colloidal ironm salt form oxi de present in a sanple

et hanol whi ch poréus Redfi bOfende6d FUFNEE fihe alletdalosilibe B4 dmgos,becone

ntam nated.. preceding clains in which the liquid

o ————

be‘I ng . - 'Bhouglwhe:essnthemgeh gtoecayl bk brt akcooretituleat txpe Besimsaqueous |

uid containing col- 60 ality are preferred for the renoval of
| oi dal | oi dal As&|B cemevedaohiydabas: Bﬁtqﬂllomadeslliba- similarly, under

the condltions employed for the data. plotted in Fig.2,Resin C
' removed G0% of the silica in a single day, whereas in the same
. per'iod of time the other resins removed only about 57r From .
10 Fig.},Reein C will be seen to have removed almost 100% of the
colloidal silica in less than 2 days, whereas the other two _
resins were able to remove lees than 40% in a period of 2 to |
3 deys. | |
'_J.‘he nature of eelloidal silica may vary from one
B 1. o ‘geographical area to another. Accordingly, in order to .test- .
- | further the ability of the h’ighiy porous Resin C to remove
colloidal silica, semples of surface water were obtained from.
various water suppliee throughout the eastern portion of the
United States and analyzed for ‘i\«. 1da1 silica and 1@}3{ Qa

K a ~e{ s
- 20 means of the well-known Mllliporekfilter technique. These

waters containing significant amounts (0.01 ppm) of colloidal silica

. ~
were then deionized with Amberlite MB-1 (a mixed bed of anion

and cation exchange reeins) and then treated with Resin C in the - -
hydroxide form. The results of these studies are emrized

'25 in Pable 2 below. The data in that table 'indica',te quite clearly
the.t colloidal silica was present in'most of those surface waters,
and- in each ea.se was combined with colloidal iron; - Likewise, it
is also apparent that Resin C was effective to remove the
colloidal silica and iron present in each of those waters, even

though the Fe, 5/SJ.O2 ratio varied considerably.



;‘ (‘\. . .
sill i ca“and ot her ¥ *Lh%ﬁiﬁ& Y d@ddeﬁa{ﬁétcvﬁé‘%gﬁ?eh’cs to Resth cmlﬂoﬂpﬁ‘é@ﬁ‘di'e”g

tQ Caim 5 in por ous weak ‘base aniron exchange which the
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. dejsired operation. ‘at the sanme time as it is treated with said Such
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65§ be’ prepar ed as described for Resin C with 7. A nmethod according
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the liquid before treatment with said ried out with an am ne such as-

di et hyl - ani on- encitaage fidsers ifsr Sthle] Paoedl taf shésel toldoid® ami ne,

di et hyl ami ne, nononet hyl ami ne. or tion and/or’ coagulation treatnment to

ef f ect ‘et hanol ami nes. At this point it may be nen- partial renoval of
suspended solids therefrom 70 tioned that resins of even greater
pofosity 8. Li qm d treat ed. by a.net hod accordl ng
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. TABLE 2

Arkansas Power & Light Co.
Robt., E.Ritchie Station
Helensa, Arkansas

?d.

Fater Source Infiuent (ppm) Effluent (ppm) % Removal
_ L siop Fe 510 - Fe 5102 Fe ,
Wabash River 0.0001 7.1 0.00008 0.085 »w 20.0 98.8
Public Service Co., : ’
Terre Haute, Indiana
James River 0.000049 1.7 0.000043  0.050 12,2 - 97.1
Owen Illinois _ .
Big Island, Virginia ,.w
- Savannah River 0.20 2.1 0.0 0012  0.045 99.9 97.9
Continental Can Co. _ :
Augusta, Georgia
'Ohio River  0.43 1.8, 0.095 0.015 78.0 " 99.2
(42.1 miles above Cano, 111, v : _ ’
Lock Dam 52 _
Brookport, Illinois A
. \-- ' . . .
Mississippi River 0.39 / 0.8 0.053 0.042 86.4 94.7
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[er?] mé;é passed through the - dianeter which is within the range from :
10, P00 m xt.ure e el.fLuent analyzed for.conduc:,, to 0 0 .
Angstromunits. - E???/rlt ?y?e?"clB{H%?H%‘f rkf:"e Fieve ﬁ%&qé%; %:}isca & ?négaol_met hod
“according to Claim .J:4 .gﬂﬂwﬁ t . 959% . c i rd . .a
whi £h t he average _pgzrl%déc}it%%el r*o gﬁ}%a%%?%nﬁs&f 1{“21%9] Bi‘m‘}ac%srgg#o{[;g% Jé'r‘{ Pat

the' di ssol ved exchgpgigmesChdaded Srith t%ﬂ&gcé%tggr}%%gg L%g?légs or cﬁgf%gﬁéﬂt%

was! reduced to less than 1 ppm .1 to 1 tromunits. .

- Because of its hi ghwAP& Qr€liofhd Ay PRitd' Ledidfent 13- rehoVRI HGdeRGLCAEI NY tO

Claim 1 or 2 resin.used in the process 6# the -invention can 1n which
the ani on exchange easdtici Sodad t RtA SthebSiEREEY 864 tihe! 680 AN MAGHEOUS .
col | oid- hydroxide form containing liquids for exanple a snmall colum

4. A method accor di pgides @iy Howdve®| B sbfubilized with hot hydrochloric acid

§ R and the resin thus regenerated. Even more effective is the
! . :

use of both hot caustic soda and the hot acid, the resin preferable

]
H

being treated with acid first.  To illustrate the effectiveness

10 | of such a regeneration procedure Resin C was permitted to become
_ exhausted by virtué of having taken ;: a full load of colloidal
silica from the water at the Consolidated Edison Co.ls 'New York

City loc_ati.on and then regenerated with the results shown in

Table 3 below. As will be noted, the hot acid regenerations
i'_em_oved 1007% of the silicates and better than 907 of the colloidal
iron oxides, while the caustic soda regeneration removed a small

- ;izpart of the iron oxide and between 60 and 80% of the silice.

TABLE 3 |
. g, /2. dry resin ~(S. removed) \:L
Resin | _Before Regeneration After Regeneration :
Fraction Loaded Resin “Hot NaOH (ag.) ] Hot HC1 (ag.)
S 1 At Residue’  19.60 | 12.34§ (37) |0.50 | (97.5)
' ' si0, ' 10.94 3.29 | (66.7) 0.00 { (100)
Fe,0; . 6.02° 5.65 1 (6) [0.54 ) (91)
B° Residue 5.8 | 451] (13) {o.07 | (98.6)
sio, 1,17 4§ 0.16 (86.4}% 0.00 {100)
Fe,0, 2,97 | 3.29 ~ {o.00 (100)

.1. _.Resin fraction from top 10% of column

2. nooom " next lower 10% of column

3. ‘Totel residue, i.e. silica, iron oxide or other materials.
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desired operatlon dt e 't as it is treated with said Such

. exchange resgin, so as to achleve de:.onlzation and colloid removal
simlteneously or seriatim. Such de10n1§__at10n may be achieved

: 100 by passing the colloid-containing liquid through a column of the

hydrogen fofm of a sulfonic acid ca.fion resin and then through a
column of colloid-removing anio:;l exchange resin in the hydroxide
or free base form, or -i)y'fifst passing the system tilrough the
' nydroxide form of the anioﬁ exchenge resin and then through

15 :fhe:hydro'gen:' form of any cation exchenge resin. One may also
simltaneocusly deionize.and' remove the colloids from the system
by contacting the system, either in a column or batchwise, | with a
_miiture of the basic fgirm of the énion excha.nge' resin and. the
hydrogen form of the cation exchange resin.

20 To demonstrate the ability of Resin C to function

simul taneously as en anion exchange resin and as & colloid-

removing resin, 80 ml. of this resin (which was regenerated with

100 mL of 1 N NaOH) was mixed with 20 ml. of Amb'erlite IR-120,

( o | 8 sulfonlc ac:Ld cation exchange resin (wh:wh wes regenerated with

| 25 30 mL., of 1 N HC1) and the mxture placed ina 1" diameter column.
Two liters € a natural water supply conta.inin_g 100 ppm of dissolved
electrolyte and 0.05 ppm each of coiloiaal Si0, and Fe,0., were
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-passed through the mlxture and the efﬂuent analyzed for .

_ conduct1v1ty, colloidal SJ.O and Fe2 5 The analys:n.s showed
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dissolved electrolyte was reduced to less than 1 ppm.
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- di gt hyl am ne, mononethyl amine or _tion and/or coagul atlon reat t to
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colil oidal - silica he Applicants, and met_al oxi des the
pracess of the inven ?olmgncontamlr(l)ate& D. YOUNG & CO

- Though resins with strong base functlonality are
preferred for the removal of 001101&a1 s111ca and other such
" colloidal particulete matter, highly porous wéak base snion
10 exchange reéins will:aiso pérform the desired operation. Such
weak base anion ff?héhge resins can be prepared as dgscribed
for Resin C yith the exception ahMe ‘ﬁﬁtmn ,s'ffp is . M,M)
carried Qut with an amine such ailfmias; monomethylamine or
ethanolamines. At this point it may be mentioned that resins
' 15v“"~-of_e+en greater pdrosity than Resin C may be prepafed by
- increasgsing the polymerization'temperature to 80-85° C.
Apart from the removal of colloidal silica and metal oxides the

process of the invention may be applied to the removal of other

anionic colloidal species including humic aéid and viruses.
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What we claim is :

y be"appl i ed t(mmrmval of other anionic 9, Staple Inn, London,

C 1.~ col I oi dal species including humc .acid and Chartered
Patent Agents.
Ofice by the Courier Press, Leam ngton Spa, 1970: _ Publ i shed by

the Patent Offices mﬁuﬁ)mhmmpﬁ% liskit gt ely arotibag tivig Ghe, 1fqudt wibiihc h
cbples may be obt ai ned.
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Vi.r dsesi method of remofingellididal I-ﬂsaﬁctm;lesé Wiast&t drbwner y

anion exchange resin particles having a macroreticular structure
end having an average pore diameter which is within the range
from ipo\ﬂ: 10,000 to ghdit 500,000 Angstrom units.

2. A method according to Claim 1 in which the average
pore diameter of the anion 'exﬁhange} resin is within the range
from ghoit 10,000 to &b 106,000 Angstrom uwnits.

3. A method according to Claim 1 or 2 in which the anion

exchange resin is in th i .
| ge resin is in the hydroxide form et ‘h“),ww‘?b

4. A method accordmg to 01a,1m lor2in whlch the Lresin
:ls in the salt form.
85, A method according to any one of the preceding claims

in which the 1liquid being treated is an aqueous 11qu1d conta.:.ning

T Golloidal eilice or a hydrous metsl oxide.

6. A method according to Claim 5 in which the liquid is
deionized before, after or at the same t:une as it is treated with

said anion exchange resin.

7. A method according to Claim 5 or 6 in which the liquid

"before treatment with said anion-exchange resin is subjected t0 a .

filtration and/or cosgulation treatment to effect partial removal

of suspended solids therefrom.

8. Liquid treated by a method accordirig to any one of the

preceding claims.

% mn, in its novel\facets, subst

as hereinbgfiére des ribed/

For the 'Appiicants,

- Do Young & Co.,
9, Staple Imn,
LONDON, W.C.1»

Chartered Patent Agents.



