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Macroreticular Weak-base Resins 
for Organic and Inorganic Chemical Recovery

Our Reillex™ crosslinked macroreticular poly-4-vinylpyridine resins may 
help solve your resource recovery and pollution abatement problems. These 
versatile resins have proven themselves superior in many applications for the 
adsorption and recovery of soluble organic and inorganic species including a 
wide variety of metallics and organometallics. Reillex™ resins are different from 
conventional alkylamine type weak-base resins because the pyridine functional 
group is more chemically and thermally stable allowing them to be used in 
more chemically and thermally demanding systems. In fact, the recommended 
temperature limit for Reillex™ 425 is more than 100°C higher than the typical 
manufacturers recommended temperature limit for conventional weak-base 
resins. In addition to superior chemical and thermal stability, the macroreticular 
structure of Reillex™ resins results in desirable properties such as a tough bead 
form (Reillex™ 425), high porosity, high surface area, and high capacity. 

This brochure provides guidelines and general operating techniques applicable 
to the recovery of organic and inorganic chemicals in both liquid and vapor 
phase applications.
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Tough Enough
Reillex™ resins are the first commercial weak-base 
resins tough enough to withstand the rigors of industrial 
adsorption processing.

• Frequent cycling throughout a wide range of pHs.
• Frequent cycling between aqueous and organic 
    solvent systems. 
• Thermal swing regeneration (up to 250°C).
• Pressure swing regeneration.
• High shear forces.
• Successive wetting and drying.

High Capacity
The macroreticular structure of Reillex™ resins 
(particularly the tough bead form, Reillex™  425) 
provides high porosity and high internal surface area. 
This macroreticular structure along with high vinylpyridine 
content gives Reillex™ resins unusually high capacities 
for adsorption of both organic and inorganic substances. 
High capacity means process advantages such as 
reduced equipment size, higher throughput, and reduced 
cost.

Regenerable
Unlike other sorbents such as silica, alumina, activated 
carbon, bone char, etc., which are difficult and costly 
to regenerate,  macroreticular resins often can be 
completely regenerated simply by eluting with a small 
volume of a good organic solvent such as methanol. This 
means that whether used exclusively or in conjunction 
with activated carbon systems, adsorbent reprocessing 
costs can be greatly reduced while at the same time 
recovering valuable material for return to process streams.

Versatility
Reillex™ resins can remove a wide variety of metals and 
organics from either aqueous or nonaqueous solutions. 
An effective combination of high surface area, pyridine 
functionality, and physical toughness gives Reillex™  
resins the versatility edge on the other commercially 
available macroreticular resins.

Other Features of Reillex™ Resins 
Reillex resins are odorless and noncontaminating to 
product and waste streams.

Adsorption and Recovery of Organic Chemicals
Every organic chemical recovery problem is unique and 
requires individual treatment, however, certain trends 
have been observed with respect  to the degree of 
adsorption of organic compounds by Reillex™ resins from 
aqueous solutions.  Table 1. illustrates these   trends.

Macroreticular Weak-base Resins 
for Organic and Inorganic Chemical Recovery (cont...)

Table 1.a

Compound 50-100 
M.W.

100-150 
M.W.

>200 
M.W.

Sulfonic acids S S S

Carboxylic acids M S S

Phenols M S S

Aromatic esters W M S

Aliphatic aromatics W M S

Aliphatic Arom. 
Ketones, Abl., esters

W M M

Aliphatic alcohols W M M

Alipahtic amines W W W

S  = greater than 150mg/g
M = 50-150 mg/g
W = less than 50 mg/g

Naturally, the weakly-basic character of Reillex™ resins makes them ideally suited for the adsorption of protic 
organics, particularly phenols, 1 carboxylic acids, 2 alcohols 3 and sulfonic acids.  While other weak-base resins 
may also have high adsorption capacities for protic organics, only the Reillex™ family can offer a macroreticular 
weak-base resin in tough bead form that will perform at temperatures greater than 150-175°C.  In fact the 
excellent thermal stability of Reillex™ 425 can extend your usable temperature limit to 260°C!  With thermal 
stability like this, temperature-swing regeneration of thermally reversibly bound species (which include phenols, 
carboxylic acids, sulfonic acids and acid gases like SO2) is now made possible.  For adsorption applications 
involving other classes of organics, Reillex™ resins are frequently suitable because of their characteristically high 
porosity and surface area.

a. Breakthrough capacities (amount of solute adsorbed on resin when 
the solute begins leaking at a level greater than 1 ppm) when eluting  
with 1000 ppm aqueous solutions.
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Typical Proper ties Reillex™402 Reillex™425

Appearance

Particle sizeª 

Bulk densityb, g/cm3

     lb/ft3

Skeletal densityb, g/cm3

Particle densityb, g/cm3

Surface area, m2/g

Moisture retained upon filtration (% by weight) 

Approximate pKa

Hydrogen ion capacity, in water (meq/g)

% swelling from free base to hydrochloride form, in water 

% swelling from dry state to solvent - saturated state

methanol

acetone

water

isopropanol

toluene

ethyl acetate

hexane

Temperature Stability, maximum 
recommended for extended use, °C

off-white granular powder

ca. 60 mesh

0.45

28

1.15

---

ca.0.5

36-39

3-4

8.8

100%

70-75

30-35

33-37

13-17

8-12

3-6

0

225

off-white beads

18-50 mesh

0.29

18

1.14

0.6

ca.90

50-60

3-4

5.5

52%

28-32

32-36

12-16

28-32

18-22

32-36

12-16

260

a. The particle size of Reillex™ 402 and 425 can be varied. Inquiries for material of different 
    particle size will be considered.  
b. Density determinations were carried out on dry material.

General Operating Procedures

Column or Batch Techniques
Resource recovery operations using Reillex™ resins, on either laboratory or plant 
scale, may be carried out using either column or batch techniques. The bead form of 
Reillex™ 425 is usually preferred, particularly for column applications, but the choice 
of resin and method depends on the specific application.

Vapor Phase Techniques
The tough bead form of Reillex™ 425 lends itself well to vapor phase fixed bed and, in 
certain cases, fluidized bed techniques.

Preparation of the Resin
Aqueous Solutions - Reillex™ resins are supplied in water swollen form. For best 
results, it is necessary to condition (equilibrate) the resin in the starting solvent prior 
to use. Conditioning is accomplished by soaking the resin in the solvent for several 
hours. Either a column or a batch technique may be used. When using the batch 
technique, the time required for conditioning can be reduced by refluxing a stirred 
slurry of the resin.

Nonaqueous Solutions - For applications involving water immiscible solvents, the 
resins can be dried in a standard drying oven at 80-110°C. Drying can also be 
accomplished by azeotropic distillation with a suitable organic solvent such as 
cyclohexane or toluene. Subsequent removal of the azeotroping solvent can be 
affected by oven drying or by solvent exchange. Prior to use the dried resin should be 
conditioned in the new solvent as described above.

Preparation of the Column
To pack a column with Reillex™ 425 resin, slurry the resin with water (or other solvent) 
and pour the slurry into the column. The volume of the slurry should be at least twice 
the final volume of the settled resin bed. The finished column should not be filled 
more than about halfway.

Backwashing
Before the first use, and after each cycle, the column should be back washed (upflow, 
100% expansion) to classify the beads and to remove insoluble material and air 
pockets.

Impor tant Features of Reillex™ Resins Reillex™402 Reillex™425

Tough physical form suited for batch reactions

Bead shape for column use

Porous, macroreticular structure

Suitable for aqueous and nonaqueous applications

Insoluble in all solvents

High capacity

Stable at high temperatures

Broad pH stability

Low levels of soluble impurities

•
—
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
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General Operating Procedures (cont...)

Operation of the Column
A normal cycle for operation of a Reillex™ column is:

Saturation (Exhaustion) - The resource-containing solution is passed 
through the column while monitoring the effluent for breakthrough. When the 
resource concentration in the effluent reaches the influent level, the column 
is exhausted and ready for regeneration. Pressure drop characteristics for 
Reillex™ 425 columns are shown in the graph below.

Recovery - Strongly acidic organic substances adsorbed on Reillex™ resins 
generally are recovered by elution with dilute solutions of base, such as 
sodium hydroxide or ammonia, which destroys the acid-base interaction by 
ionizing the adsorbed acid. Neutral and weakly acidic organics can usually be 
eluted by a suitable organic solvent such as methanol.

Regeneration - The column is rinsed to remove eluting chemicals, then 
backwashed and equilibrated with the starting solvent. The column is now 
ready to use again.

Backwash –
Bed Expansion %  

Flow Rate (GPM/Ft2)
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CAUTION: Reillex™ resin may swell or contract when changing solvent, 
pH, or ionic strength. This swelling can cause extreme pressures to build 
up and result in the violent rupture of a glass column. If significant 
swelling is expected, the swelling solvent should be admitted upflow into 
an expanded bed.
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General Operating Parameters
The following continuous column applications for the recovery of selected substances 
from aqueous and non-aqueous effluent streams were performed using Reillex™ 425 
under the following operating parameters:a

In each of the following examples no attempt was made to optimize the 
adsorption-recovery processes. Therefore, these examples are not intended to reflect 
the maximum performance parameters for Reillex™ resins in these particular areas of 
application, but are intended only to serve as illustrative examples.

Recovery of Phenols
The existence of a strong attractive interaction between monomeric pyridines and 
phenols is now well characterized. It is known that the phenol-pyridine molecular 
complex involves unsymmetrical hydrogen bonding without the formation of discrete 
ion pairs. Experience with  Reillex™ resins indicates that the same kind of interaction 
occurs in polymeric systems. Practical evidence of this is the observation that high 
salt backgrounds do not interfere with the adsorption of phenols by crosslinked 
polyvinyl pyridines.1a  
Even though some other amine-base resins display high capacities for phenols in 
salt-free aqueous media, the matrix bound ion pairs which they form with phenols 
make them susceptible to ion-exchange desorption. Hence, such resins are 
unsuitable for use as phenol adsorbents in high salt media. Of all the commercially 
available amine-base resins, only crosslinked polyvinylpyridines like the Reillex™ 
resins can perform as phenol adsorbents in spite of high salt backgrounds. 
In addition, unlike other amine  base resins which require strong bases or salt brines 
to desorb phenol, Reillex™ resins can be more economically regenerated thermally or 
by elution with a small volume of organic solvent such as methanol.

Applications

Influent conc. 0.017 M

Flow rate 3 bed vol/hr

Bed diameter 1 in.

Weight of resin 70 g, dry wt

Bed depth 18 in.

Bed volume 230 mL

Temperature 23-30 C°

Breakthrough conc. 1 ppm

a. unless otherwise specified

REMOVAL AND RECOVERY OF PHENOLS FROM AQUEOUS SOLUTIONSa

Phenolic Influent Conc 
(ppm)

Breakthrough 
Capacity mg/g

Saturation 
Capacity mg/g

Recovery
Method

Phenol 1577 50 145 Methanol

2,4 Dichlorophenol 2706 121 642 Methanol

Resorcinol 2850 65 147 Methanol

a. Determined using the general operating parameters above.
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Recovery of Carboxylic Acids and Sulfonic Acids
Carboxylic acids and sulfonic acid separations and recovery applications are 
tailor-made for the Reillex™ family of resins. The unique pyridine functionality 
of Reillex™ resins gives them the ability to adsorb organic acids efficiently, 
particularly from aqueous solutions. Most carboxylic acids (those with pKa 
about 2 or higher) can, like phenols, be recovered from the resin by elution 
with a small volume of organic solvent. Methanol regeneration generally yields 
concentrates containing 8-10% carboxylic acid which can easily be recovered 
by distillation.

Sulfonic acids (and carboxylic acids with pKa about 2 or lower) are generally 
more strongly adsorbed than weaker acids and hence, require elution with 
dilute base such as sodium hydroxide or ammonia.

ADSORPTION OF CARBOXYLIC AND SULFONIC ACIDS ON REILLEX™ 425 RESINa

Acid b. 
pKa

Influent Conc 
(ppm)

Breakthrough 
Capacity mg/g

Total Capacity 
(mg/g)

Recovery
Method

Acetic 4.75 1000 4 10 MeOH

Hexanoic 4.88 1900 77 191 MeOH

Octanoic 4.89 471C 195 303 MeOH

p-Amino benzoic 4.92 2285 150 160 MeOH

Benzoic 4.19 2033 166 265 MeOH

Phenylacetic 4.28 2250 171 340 MeOH

Salicylic 2.87 2029 518 762 5%NaOH

Citric 3.14/4.77/
6.39

2292 198 259 MeOH

Succinic 4.16/5.61 1969 87 195 MeOH

p-Touene sulfonic 170 3164 536 691 5%NaOH

2-Naphthalene 
sulfonic

0.57 3756 719 1200 5%NaOH

a.  Determined under the general operating parameters above unless otherwise specified.
b.  From Handbook of Chemistry and Physics CRC Press INC>, 56th edition. 
c.  Limited solubility in water.

Removal and Recovery of Iodine
Molecular iodine (I2) is a common impurity in many industrial process and 
waste streams, particularly those associated with: 

• Carbonylation processes
• HI purification
• Brine purification
• Removal of radioisotopes of iodine from dissolver off-gases
    and cooling water

Current technology for the removal of iodine from these streams relies heavily 
on nonrecoverable adsorbents or expensive heterogeneous transition metal 
compounds which are susceptible to loss by leaching. Having the strongly 
interacting pyridine functionality, Reillex™ resins offer the advantage of high 
capacity along with recoverability for both adsorbent and iodine.

Applications (cont...)

Reillex™ Resins for Pollution Control Applications



The Pyridine Advantage
The facile formation of strong complexes between monomeric pyridines and 
the inorganic species I2 is a well-known phenomenon. Not surprisingly, by 
incorporating pyridine functionality into heterogeneous resins, powerful and 
selective adsorbents for iodine can be prepared.5  Hence, Reillex™ resins are 
uniquely suited for the adsorption of iodine and they perform in aqueous, 
non aqueous, and even vapor phase applications.

REMOVAL AND RECOVERY OF IODINE FROM AQUEOUS 
AND NONAQUEOUS STREAMS USING REILLEX™ 425 RESINa

Source Stream Influent 
Concentration (ppm)

Breakthrough 
Capacity mg/g

Saturation 
Capacity mg/g

Acetic Acid 4252 730 1220

N2 Gasb ~0.6 1240 1240

Acetic Acid: H20 
80:20

4252 810 1240

a.  Determined under the general operating parameters above unless otherwise specified.
b.  Vapor phase conditions, a. does not apply.

Adsorption of Iodine From Acetic Acid (0.0167M, 3BV/hr)

Because of the strength and charge transfer character of the Reillex™ / I2
adsorption interaction, regeneration of the iodine saturated resin is best 
achieved by first converting the iodine into a different chemical form, such 
as hydrogen iodide. The recovery of iodine values as hydrogen iodide can be 
swiftly achieved by eluting with dilute hydrazine solution.

Hydrazine serves the dual role of chemical reducing agent and regenerating 
base. Alternately iodine can be removed from the resin by simple elution with 
dilute sodium hydroxide. 
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Suggested Column Operating Conditions for Reillex™ 425 

pH range

maximum temperature

minimum bed depth

service flow rate

regenerants inorganic, aqueous 

regenerant flow rate

rinse flow rate

1-14

225°C (air) 

260°C (absence of air)

24 inches

.5 to 5 gpm/ft3

3-15% HC1 or H2SO4

2-8% NaOH

1-4% NH3

.5 to 3 gpm/ft3

.5 to 3 gpm/ft3

Applications (cont...)

CAUTION: N2 gas is liberated when I2 is allowed to react with hydrazine.
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Vapor Phase Sorption of Acidic Gases
Reillex™ resins have demonstrated their utility as reversible adsorbents for 
acidic gases and may find industrial applications in environmentally and 
conservationally important areas such as: 

• Airborne Solvent Recovery
• Dehydration of Gases
• Odor and Toxic Vapor Removal from Vent Gases
• Separation and purification of Gases

We have investigated the extent and reversibility of sulfur dioxide, hydrogen 
chloride, and chlorine adsorption on Reillex™ 425 bead resin. The adsorption 
experiments were carried-out in continuous flow fixed bed columns and the 
results are given below.

REVERSIBLE ADSORPTION OF ACIDIC GASES WITH REILLEX™ 425 RESINa

Acidic Gas #BVs treated at 
Breakthrough

Saturation 
Capacity mg/g

Recovery
Method

Reversible   
Capacity (mg/g)

SO2 403 170 A 100

HCI 1964 450 B 450

CI2 534 290 A 100

REGENERATION METHODS:
A: Heat to 100°C under 1mm Hg for 30 min.
B: Elute with 5% sodium hydroxide.
Column 15X120mm, Flow rate = 150 mL/min, Influent conc. = 15,000ppm
Determined on virgin resin.

Both thermal and pressure-swing regeneration of mineral acids and acidic 
gases adsorbed on 2-substituted polyvinylpyridines is well known6 and can 
be expected to occur not only with sulfur dioxide, hydrogen chloride, and 
chlorine, but also with gases such as nitrogen oxides, sulfur trioxide, boron 
triflouride, etc. Likewise, we have shown that Reillex™ resins can also perform 
as reversible stochiometric adsorbents.

Reillex™ resins, like most weak -base resins, exist primarily in their protonated 
forms in the presence of strong acids and are also easily converted to their 
quaternary forms by reaction of the resins with alkyl or acyl halides. The 
resulting strong base Ion exchange resins have high capacity and thermal 
stability. The removal of environmentally damaging polythionate salts from 
mining run-off and industrial waste streams has been of key interest for a 
number of years. These polythionates contain partially oxidized sulfur bearing 
ions which are further oxidized by common bacteria to give sulfuric acid which 
causes environmentally damaging acidity buildup. Hence, it is desirable 
to remove polythionate salts from effluents or exhaustively oxidize them to 
harmless sulfate ions before the effluent is discharged into the environment.

NOTE: Reillex™ Report #3: CATALYSTS; outlines a method for the removal 
of polythionates via catalytic oxidation with a Reillex™/Cu complex as the 
catalyst on a continuous flow fixed-bed reactor.

Ion Exchange Removal of Polythionates:

Applications (cont...)
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Applications (cont...)

The ion exchange removal of polythionates from aqueous streams under a 
variety of background conditions using Reillex™ 402 granular resin has been 
well studied.7  Our granular resin was found to be a superior adsorbent for 
polythionate salts, however its granular form was unsuitable for scaled-up 
column applications. On the other hand, Reillex™ 425 bead resin (which has 
since been made commercially available) is specifically designed for large 
scale column use and has also proven itself to be a superior resin for the 
adsorption of polythionate salts.

How to Put Reillex™ Resins to Work 

You may already have an application in mind for Reillex™ resins.
If so, our resin applications team is eager to help you develop it.

Metal Recovery
The pyridine functionality of Reillex™ resins gives them unique and useful 
properties as metal adsorbents. Soluble metallic species can be recovered 
from both aqueous and nonaqueous solutions under a wide range of 
conditions. 

Catalytic Destruction of Toxic Agents 
Many environmentally damaging substances can be rendered harmless via a 
metal catalyzed process. The Reillex™ family of resins has proven their utility 
as supports for a wide range of metallic catalysts. As previously mentioned, 
Reillex™ resins have been carefully investigated as copper catalyst supports 
for the destruction of polythionate salts.8  Polythionate destruction is only one 
of many applications which could benefit from the unique catalyst supporting 
ability of these resins. 

Adsorption of Bacteria and Viruses 
The literature holds several accounts of the successful use of crosslinked alkyl 
halide quaternized polyvinylpyridines as very efficient adsorbents for several 
types of bacteria and viruses.9  Some derivatives serve as excellent solid 
phase supports for immobilizing microorganisms in a variety of applications 
and others show great promise as highly efficient insoluble polymeric 
“contact disinfectants”.
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REILLEX™ 425, REILLEX™ HP, and REILLEX™ HPQ are manufactured under one 
or more of the following U.S. Patents: 4,221,871; 4,224,415; 4,256,840 and 
4,382,124; and the purchaser is entitled to utilize this product under U.S. Patent 
4,297,220.
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Contact Information

About Vertellus

Vertellus is a leading provider of specialty chemicals for 
nutrition, agriculture, pharmaceuticals, fine chemicals, 
personal care, performance coatings, & more. Vertellus 
develops and produces fine chemicals and intermediates 
for sophisticated chemistry applications, as well as systems 
and additives that enhance the physical properties of 
end-use formulations. 

From crop protection chemicals to the highest standards of 
production for FDA approved pharmaceutical applications, 
Vertellus consistently meets the challenge with smart 
chemistry.

Vertellus
201 North Illinois Street
Suite 1800
Indianapolis, IN 46204

www.vertellus.com
ask@vertellus.com
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