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Medical
Hydrogel technology and application
By Fung Bor Chen

Executive summary

The author

This paper discusses commercially available materials, current technology
and the practice of manufacturing medical devices with lubricious coatings.
The hydrogel discussed in this paper has a unique property in that it crosslinks at room temperature. The hydrogel solution can be applied in acidic or
alkaline conditions. Both conditions have their own unique curing profiles and
water absorption capabilities.
Ammonia was used to raise the pH of the hydrogel solution and was found to
affect layer adhesion, film formation, insoluble matter, water absorption and
cure mechanism.
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Consultant

In comparison to other synthetic biomedical materials, hydrogel’s properties
are more similar to living cells in terms
of high-water permeability, soft surface
and consistent elasticity. Hydrogel has a
low tendency to adsorb protein from
body fluids.
Furthermore, hydrogel allows drug
molecules to diffuse through the hydrogel network and makes it ideal for controlling the release of drugs through
different entry routes.
U.S. Patent 7,311,9801 discloses that a
polymeric coating for a stent comprises

TECHNICAL NOTEBOOK
Edited by John Dick
polylactic acid, a block copolymer including blocks of polyethylene glycol, and
polybutylene terephthalate.
A composition including a solvent, a
polymer dissolved in the solvent, and a
bioactive substance dispersed in the
blend is applied to the stent by immersing the stent in the composition or by
spraying the composition onto the stent.
The solvent is allowed to evaporate,
leaving on the stent surfaces a coating of
the polymer and the bioactive substance
impregnated in the polymer.
U.S. Patent 7,442,2052 discloses radially expandable stents having hydrogel
coating layers thereon, and methods of
preparing such stents. The methods include coating a wire with a solution that
includes a solvent and a water soluble
polymer in the solvent, evaporating the
solvent to provide a polymeric coating on
the wire, and crosslinking the polymeric
coating to provide a hydrogel coating
layer on the wire.
The coated wire can be fabricated into
stents, which preferably have substantially uniform coatings with low surface
roughness. Preferably, the coatings have
hydrophilic properties and provide a
biocompatible surface. The coatings may
also provide for the delivery of biologically active agents into the body.
One example in U.S. Patent 7,442,205
teaches that a solution of polyhydroxyethyl methacrylate is prepared by free radical polymerization of hydroxyethyl methacrylate (20 percent by weight) in water
using ammonium persulfate initiator (up
to 0.01 percent by weight) at 50°C. Prior
to use as a coating solution, a bis-acrylate
is added up to a concentration of about
0.01 percent by weight.
U.S. patent 6,017,5773 describes a process for the preparation of slippery, hydrophilic polyurethane hydrogel coating
compositions, and materials composed of

a polymeric plastic or rubber substrate,
or a metal substrate with a coating of a
slippery, hydrophilic polyurethane hydrogel. The coating compositions and
coated materials are non-toxic and biocompatible, and are ideally suited for use
on medical devices, particularly catheters, catheter balloons and stents.
The coating compositions, coated materials and coated devices demonstrate low
coefficients of friction in contact with
body fluids, especially blood, as well as a
high degree of wear permanence over
prolonged use of the device. The hydrogel
coating compositions are capable of being
dried to facilitate storage of the devices to
which they have been applied, and can be
instantly reactivated for later use by exposure to water.
World Intellectual Property Organization Patent—or WO patent— 201,601,3314
relates to a method for providing a hydrogel coating on a polymeric substrate of a
medical device comprising: a priming
step wherein the polymeric substrate is
contacted with a priming solution comprising 1 to 30 wt. percent of a polyethylene glycol diacrylate having an average
molecular weight of 300 to 750 Da; a
grafting step following the priming step
wherein the polymeric substrate is contacted with a grafting solution, thereby
providing a polymeric substrate of a
medical device having a hydrogel coating.
U.S. Patent 5,662,9605 discloses a
process for preparing coating compositions of a commingled hydrogel of a
polyurethane-polyurea polymer hydrogel and a poly(N-vinylpyrrolidone) polymer hydrogel; a process for making materials composed of a polymeric plastic
or rubber substrate or a metallic substrate, with a coating of the commingled
hydrogel thereon; and a process for
making medical devices with a coating
of the commingled hydrogel thereon.
The coating compositions tenaciously
adhere to the substrate materials and
medical devices to which they are applied due to bonding of a tie coat to a reactive substrate surface and due to the
commingling of the two hydrogel compo-

nents. The coating compositions and
coated materials and medical devices
are non-toxic and biocompatible, making
them ideally suited for use in applications such as for catheters, catheter balloons and stents.
In such applications, the coating compositions, coated materials and coated
medical devices made therefrom demonstrate low coefficients of friction in contact with body fluids, especially blood,
as well as a high degree of wear permanence over prolonged use. The commingled hydrogel coatings are capable of
being dried to facilitate storage of the
devices to which they have been applied,
and can be instantly reactivated for later use by exposure to water.
U.S. Patent 5,290,5856 discloses that
a flexible, lubricious organic coating is
formed by applying a mixture of an isocyanate, a polyol, polyvinylpyrrolidone
(PVP) and carrier liquid to a surface to
be coated. The carrier liquid is removed
and the mixture reacts to form a lubricious, flexible coating, particularly suitable for use as a protective lubricious
coating on medical devices introduced
into the body. The coating exhibits a
significantly reduced coefficient of friction when exposed to water or aqueous
solutions.
U.S. Patent 4,898,5917 discloses that
one or more surfaces of the catheter are
coated with a hydrogel containing a copolymer of polyurethane and polyvinylpyrrolidone to provide improved lubricity and antithrombogenicity. The

lubricous hydrogel coating is a biocompatible material such as a copolymer of
polyurethane and polyvinylpyrrolidone
or cross-linked copolymer of polyethylene oxide and polyhydroxyethyl methacrylate.
The hydrogel material is commercially available in solutions having from one
to three parts by weight polyvinylpyrrolidone to one part polyurethane. Preferred hydrogel materials for catheters
have two to three parts by weight polyvinylpyrrolidone to 1 part polyurethane.
The hydrogel copolymer is dissolved in
a mixture of liquid organic solvents and
is applied by flushing the solution
through the lumen of the catheter or by
dipping the catheter in a bath of the
solution or by spraying the solution onto
See Hydrogel, page 14

Fig. 2: Insoluble ratio vs. cure temperature for 15 minutes.

Fig. 1: Hydrogel with amino crosslinker.
Fig. 3: Insoluble ratio vs. cure temperature for 30 minutes.

Table 1: Insoluble ratio (insoluble to dry weight).
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the surfaces of the catheter ensuring
that all of the inner surface of the catheter is contacted with the solution to form
a thin layer. Dipping and spraying also
allow the outer surface to be coated.
The liquid layer is then dried and
cured in an oven forming the layer which
is about 1 mil (0.025 mm) thick. The
layer—when wetted with water such as
during flushing of the catheter with saline solution or X-ray contrast medium
before placing in use—swells and becomes slippery.
U.S. Patent 8,778,0148 discloses that a
medical assembly comprises a stent and
a catheter having a balloon, wherein the
coefficient of friction and/or the adhesion at the stent/balloon interface are
reduced.
A first composition was prepared by
mixing two components: (a) 2 mass percent poly(benzyl ester amide); and (b) 98
percent mass percent of 200 proof ethanol. The first composition was applied
onto the surface of a bare stent by
spraying to form a stent coating. The
coating was baked at about 80°C for
about 30 minutes.
A second composition was prepared by
mixing the following components; (a)
about 3 mass percent sucrose; and (b) 97
percent water. The second composition
was sprayed over the stents coated with

the first composition,
WO patent 2,008,054,081 A19 discloses a hyaluronic acid-hydrophobic polyamino acid copolymer comprising hyaluronic acid units and hydrophobic
polyamino acid units. The hyaluronic
acid-hydrophobic polyamino acid copolymer is biodegradable in vivo and can be
used for delivery of active ingredients
such as organic molecule drugs (including proteins, peptides and nucleotides),
food additives and cosmetic ingredients.
Particularly when it is used for delivery of drugs, the hyaluronic acid-hydrophobic polyamino acid copolymer is capable of maintaining biological stability
of the active ingredient and achieving in
vivo sustained release of the active ingredient with providing long-acting effects for one week or more.
U.S. Patent 6,890,33910 features a
catheter assembly and methods for delivering a hydrogel-lined stent to a body
lumen, and methods for lining a stent
with a hydrogel. The assembly includes
a catheter, which has a balloon at least a
portion of which is coated with a hydrogel, and an expansible stent mounted on
the balloon in a contracted condition for
passage with the catheter to a site of a
body. Expansion of the balloon lodges
the stent in the body with hydrogel
coated on the inner surfaces of the stent
as a lining.
Hydrogel is selected from the group
consisting of a polyacrylic acid, polycarboxylic acid, cellulosic polymer, collagen,
gelation, albumin, alginate, poly-2-hy-

Fig. 4: Insoluble ratio vs. cure temperature for 45 minutes.

www.rubbernews.com

Medical
droxymethyl methyl acrylate (HEMA),
polyvinylpyrrolidone, maleic anhydride
polymer, polyamide, polyacrylamide,
polyvinyl alcohol, polyethylene glycol,
polyethylene oxide, and polysaccharide.
The hydrogel may include a therapeutic agent, such as a drug, to reduce or
prevent clotting and/or restenosis at the
stent site. For example, the therapeutic
agent may reduce or eliminate acute
thrombosis of the stent and reduce instent restenosis or interfere with cell
metabolism (e.g., an anti-metabolite),
thereby killing undesired cells.
The therapeutic agent may be an anti-platelet drug, anticoagulant drug, anti-metabolite drug, anti-angiogenic
drug, or anti-proliferative drug. The
therapeutic agent may be an anti-thrombogenic agent such as heparin, PPACK,
enoxaparin, aspirin, and hirudin or a
thrombolytic agent such as urokinase,
streptokinase, and tissue plasminogen
activator.
U.S. Patent Application 20,050,129,73411
discloses that a hydrogel forming system, which comprises a hydrophobic
macromer with unsaturated group terminated ends and a hydrophilic polymer
which is a polysaccharide containing
hydroxyl groups that are reacted with
an unsaturated group introducing compound, is convertible by free radical polymerization to form a hydrogel containing a three dimensional crosslinked
polymer network containing hydrophobic and hydrophilic components.
The agent can be entrapped in the
polymer network) e.g., drugs, macromol-

ecules or synthetic or natural polymers)
for controlled release therefrom. In one
embodiment, a vascular stent is coated
with hydrogel with therapeutic agent
entrapped therein.
U.S. Patent 8,784,92812 discloses
methods for the deposition of very thin
silver-comprising films on nonconducting substrates. The surface of nonconducting substrates is modified with a
superabsorbent polymer to increase silver deposition when compared to a
non-modified surface.
Also provided are films produced using a swelling agent, whereby porosity of
the surface of the nonconducting substrate is increased, and thereby permitting increased silver deposition when
compared to an unmodified surface.
U.S. Patent 5,612,08313 discloses that
a multilayer flexible article includes a
first layer of natural rubber, a second
layer of natural rubber, polyurethane,
poly(acrylamide-acrylic acid, sodium
salt) and polyethylene oxide, and a third
layer of acrylic copolymer and fluorocarbon telomer resin. The article is preferably a glove formed by the method of dipping a hand-shaped mold into baths
containing aqueous emulsions of the
components used to form the layers.
Gloves manufactured according to the
method are substantially wet-hand and
dry-hand donnable as compared to powdered latex gloves of similar size.
U.S. Patent 8,048,44214 discloses that
systems comprising modified heparin-based coatings to form coatings on
medical devices are provided. The sys-

Table 4: Insoluble ratio (insoluble/dry polymer weight).

Fig .5: Insoluble ratio vs. cure temperature for 60 minutes.

Fig. 6: Insoluble ratio vs. cure temperatures and times.

Fig. 7: Insoluble ratio vs. cure temperatures and cure times for pH 9.1.
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tems improve the suitability of the heparin-based coatings.
A stent has a first coating layer comprising a hydrophobic polymer. It also
has a second coating layer above the
first coating layer, the second coating
layer comprising a glycosaminoglycan,
which is covalently bound to at least one
coating material, a second drug which is
not a glycosaminoglycan, and either at
least one hydrophobic polymer or at least
one amphiphilic.

Results and discussion

Acrylic polymers are widely used in
the coating, adhesive, and medical device industries. Acrylic monomers with
specific functionalities can alter the
polymer properties to provide excellent
adhesion to different medical substrates,
deliver wet and dry lubricous coating,
and promote development of a greater
number of novel polymer materials.
The acrylic polymers can be thermoplastic or crosslinkable. Crosslinking is
achieved through hydroxyl and carboxyl
functionalities in the polymer backbone.
Hydroxyl functionality is crosslinked
with amino resins and isocyanates.
Carboxyl functionality is crosslinked
through carbodiimides, aziridines, and
epoxides.
Hydroxyl-functional acrylic resins are
mixed with amino resins as crosslinkers
and/or with viscosity modifiers. The
functional groups (methoxymethyl and
methylol ether groups) on the amino
resins react with the hydroxyl groups on
the acrylic resins. The reactions take

place at elevated temperatures.
Efficient crosslinking temperatures
vary with the type of amino resin from
125°C to 200°C, and the reaction temperatures may be catalyzed and reduced
by addition of external or internal acids.
Typical crosslinking reactions of hydroxyl-functional acrylic resins with
amino crosslinkers are shown in Fig. 1.
The reactions are repeated across the
hydrogel network and will be discussed
in details in Section D.
The crosslinking temperatures can be
effectively lowered to room temperature
by adding sufficient amounts of acid.
This is important where heat-sensitive
substrates and drugs have to be coated
and encapsulated. In addition, inclusion
of acrylic acid in the polymer backbone
is highly effective in lowering cure temperatures.
Hydroxyl-functional acrylic resins
discussed here contain significant quantities of carboxyl groups in the polymer
chain. These acid groups are deliberately formulated with a specific purpose to
effectively lower crosslinking temperatures with amino resins.

A. Hydrogel with crosslinker

A hydrogel solution was mixed with a
melamine crosslinker. One solution was
used as prepared with a pH of 4.1, and
the other was adjusted with ammonia to
pH 9.1. Insoluble experiments were conducted as follows:
1. Weighed approximately 5-6 grams
(W1) of the hydrogel solution, dried
overnight at room temperature, and

Table 5: Insoluble ratio (insoluble/dry polymer weight).
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then subjected to different cure temperatures and cure times.
2. Determined a solids content of the
hydrogel solution (S1).
3. Soaked and dispersed the cured
films in 20-25 grams of water for 30
minutes, then filtered through a preweighed filter paper (W2), dried and
weighed the paper with insoluble polymer (W3).
4. Determined insoluble ratio by the
equation of (W3-W2) / (W1*S1).
Table 4 lists experimental data of insoluble ratio from different cure temperatures and times. The results of insoluble ratio as listed in Table 1 show
that the pH 9.1 solution has no detectable
amount of polymer on a filter paper. The
pH 4.1 solution has an insoluble ratio of
0.53. The results demonstrate that the
pH 4.1 solution crosslinks 53 percent of
its dry mass at room temperature. Addition of ammonia to the hydrogel solution
prevents crosslinking and maintains
the stability of the hydrogel solution at
room temperature.
Fig. 2 illustrates the results of insoluble ratio of hydrogel solutions at different cure temperatures for 15 minutes.
An increase in cure temperature increases the results of insoluble ratio.
The pH 4.1 solution has a higher insoluble ratio than the pH 9.1 solution.
The pH 4.1 solution achieves an insoluble ratio of 0.97 at 100°C for 15 minutes. The pH 9.1 solution increases its
insoluble ratio from 0 to 0.62 in 15 minutes of curing at 80°C.
Fig. 3 describes insoluble ratio of hydrogel solutions against cure temperatures from 25°C to 140°C for 30 minutes
of curing. The pH 4.1 solution achieves
an insoluble ratio of 1, i.e., 100 percent
crosslinking at 80°C for 30 minutes. The

pH 4.1 solution has a higher insoluble
ratio than the pH 9.1 solution across
cure temperatures from 25°C to 140°C.
Fig. 4 displays insoluble ratio at different temperatures for 45 minutes. The
pH 4.1 solution has a higher insoluble
ratio than the pH 9.1 solution. At 120°C
or 140°C, both solutions have similar
results of insoluble ratio.
Fig. 5 shows insoluble ratio at different temperatures for 60 minutes. The
pH 4.1 solution has a higher insoluble
ratio than the pH 9.1 solution. At 120°C
or 140°C, both solutions have similar
results of insoluble ratio.
As shown in Fig. 6, cure conditions
such as 30 minutes at 80°C or 15 minutes at 100°C, 120°C and 140°C increase
an insoluble ratio to 1 and achieve
100 percent crosslinking. The pH 4.1
solution has an initial insoluble ratio of
0.53 at room temperature. The pH 4.1
solution is actively crosslinking at room
temperatures.
Fig. 7 shows that the films made from
the pH 9.1 solution at time zero do not
have any detectable insoluble ratio.
Ammonia prevents crosslinking at room
temperature but also hinders the crosslinking to reach an insoluble ratio of 1,
or 100 percent crosslinking.
Cure time of the first 15 minutes significantly increases the insoluble ratio.
An increase in cure time from 15 minutes to 60 minutes slightly increases its
insoluble ratio. A temperature of 120°C
or 140°C slightly increases the results of
insoluble ratio from more crosslinking.
After the films were cured at different
temperatures for 60 minutes, they were
soaked in water for 30 minutes. Excess
water was removed, the polymer saturated with water was weighed (W1), and
See Hydrogel, page 16

Fig. 9: Coiled state under acidic conditions.

Fig. 10: Uncoiled state in an ammonia neutralized condition.

Table 2: Insoluble Ratio.

Fig. 8: Water absorption vs. cure temperature.

15

Fig. 11: Insoluble ratio vs. cure temperature for 15 minutes.
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then water was dried out at an oven to
weigh the polymer (W2). Water absorption is reported as (W1 – W2)/W2.
Fig. 8 shows that the pH 9.1 solution
has much higher water absorption than
the pH 4.1 solution. Also, an increase in
cure temperature for the pH 9.1 solution
significantly decreases the water absorption, but not for the pH 4.1 solution.
The possible explanation is that the hydrogel polymer contains carboxylic acid
functional groups.
In an acidic condition, the hydrogel
polymer likely displays tightly coiled
molecules as described in Fig. 9. Once
neutralized, the molecules begin to uncoil and stretch as displayed in Fig. 10

from negative charge repulsion.
The neutralized acid groups are ionic,
strongly absorb water molecules onto
the polymer network and achieve maximum water absorption. High temperatures drive ammonia away and form less
uncoiled and ionic molecules.
Therefore, water absorption per gram
of crosslinked hydrogel polymer decreases from 27.7 g at 80°C, 16.8 g at
100°C, 13 g at 120°C to 3.4 g at 140°C.
The pH 4.1 solution without ammonia
presence has almost constant water absorption of 2.4 to 2.5 g through all cure
temperatures.

B. Addition of viscosity modifer

A hydrogel solution was mixed with a
melamine-type of crosslinker and a viscosity modifier to study the effect of a
viscosity modifier on curing mechanism
and water absorption. The original

Fig. 12: Insoluble ratio vs. cure temperature for 30 minutes.

Fig. 13: Insoluble ratio vs. cure temperature for 45 minutes.
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solution had a pH of 4.0. Ascended solution was made at pH 9.4 using ammonia.
Table 5 lists experimental data of insoluble ratio at different cure temperatures
and times.
Table 2 lists the initial insoluble ratio
for both solutions. The films were air
dried overnight. The pH 4.0 solution has
a higher insoluble ratio than the pH 9.4
solution. The pH 9.1 solution as described in Table 1 has no detectable
amount of insoluble ratio. The pH 9.4
solution as listed in Table 2 has an insoluble ratio of 0.22. The viscosity modifier in the pH 9.4 solution is not water
soluble and may contribute to an artificial increase in the insoluble ratio.
As shown in Fig. 11, the results of insoluble ratio are studied from 25°C to
140°C for 15 minutes of curing. Fig. 11
demonstrates that the pH of 4.0 solution
has a higher insoluble ratio than the pH
of 9.4 solution. When cure temperature
is increased to 100°C, the insoluble ratio
differences between two solutions become smaller. High cure temperature
drives ammonia away and increases
crosslinks, thereby increasing insoluble
ratio for both solutions.
Fig. 12 displays insoluble ratio at different cure temperatures for 30 minutes.
The pH 4.0 solution has a higher insoluble ratio than the pH 9.4 solution. An
increase in cure temperature increases
insoluble ratio for both solutions.
Fig. 13 displays the results of insoluble ratio against various cure temperatures for 45 minutes of curing. The pH
4.0 solution has a higher insoluble ratio
than the pH 9.4 solution. An increase in

cure temperatures increases insoluble
ratio for both solutions.
The results of insoluble ratio for 60
minutes of curing are shown in Fig. 14.
The pH 4.0 solution increases crosslinking and insoluble ratio when compared
to the pH 9.4 solution. The pH 4.0 solution can crosslink at 25°C to achieve an
insoluble ratio of 0.53, and the pH 9.4
solution needs to raise temperature to
80°C for an insoluble ratio of 0.54.
Because the viscosity modifier does
not contain hydroxyl groups for crosslinking, the introduction of the viscosity
modifier may hinder the crosslinking to
reach an insoluble ratio of 1 for both
solutions.
Fig. 15 shows insoluble ratio results
obtained from cure temperatures of 80,
100, 120 and 140°C against cure times
of 0, 15, 30, 45 and 60 minutes. It seems
that 120°C is an optimum temperature
for obtaining the highest insoluble ratio.
After the pH 4.0 solution was dried
overnight at room temperature, its insoluble ratio became 0.53.
The result demonstrates that the pH
4.0 solution can crosslink at room temperature.
Fig. 16 shows insoluble ratio results
obtained from cure temperatures at 80,
100, 120 and 140°C against different
cure times of 0, 15, 30, 45, 60 minutes.
Here, 140°C seems to be the temperature for obtaining the highest insoluble
ratio. The pH 9.4 solution significantly
increases an insoluble ratio after 15
minutes of curing when compared to 0
minutes of curing. An increase in cure
temperature and cure time increases

Fig. 16: Insoluble ratio vs. cure temperature and time for pH9.4.

Fig. 14: Insoluble ratio vs. cure temperature for 60 minutes.

Fig. 17: Water absorption vs. cure temperature.

Fig. 15: Insoluble ratio vs. cure time for pH 4.0.

Fig. 18: Water absorption vs. viscosity modifier.
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insoluble ratio.
After the films were cured at different
temperatures for 60 minutes, they were
soaked in water for 30 minutes. Excess
water was removed, and the polymer
saturated with water was weighed. The
water was then dried out to weigh the
polymer.
Fig. 17 shows that the pH 9.4 solution
has much higher water absorption than
the pH 4.0 solution. Also, an increase in
cure temperature for the pH 9.4 solution
significantly decreases water absorption
but not for the pH 4.0 solution. It seems
that 100°C is the maximum of cure
temperature for maintaining the highest water absorption in the pH 9.4 solution.
The possible explanation has been explored in the previous discussion of
Figs. 9 and 10.
The hydrogel solution discussed here
contains a viscosity modifier and shows
higher water absorption than the hydrogel solution without a viscosity modifier.
Blending a viscosity modifier as shown
in Fig. 18 is observed to increase water
absorption.

C. Layer adhesion

Fig. 19 shows that the film formation
from the pH 4.0 solution on the left is
completely different from the pH 9.4
solution on the right. The films were air
dried overnight and cured at 80°C for 45
minutes. Water was used to soak the
films. After soaking, the film made from
the pH 4.0 solution gradually peeled off
but maintained its integrity as a single
unit. The film made from the pH 9.4
solution easily and quickly peeled off
and formed tiny gel particles.
As demonstrated in Fig. 19, the pH
4.0 solution seems to have better layer
adhesion and forms a nicer film compared to the pH 9.4 solution. Ammonia
provides electronic repulsion charges
between molecules to stabilize the solution and prevents molecules from forming a strong film to resist water soaking.
When a film is immersed in water, the
weak areas of the film give way and
form individual gel particles. An increase in cure temperature may repel
ammonia and form a stronger film for
water resistance. Therefore, tiny gel
particles at lower curing temperatures

Fig. 19: The film made from the pH 4.0 solution on the left and from the pH 9.4
solution on the right.

Medical
are gradually associated together to
form larger pieces at higher curing temperatures and gradually show similar
film formation as displayed on the left.
High curing temperature provides better film formation and improved adhesion for the pH 9.4 solution.

D. Crosslinking mechanism

A Perkin Elmer Spectrum 100 FT-IR
Spectrometer with an ATR sampling
accessory was used in the study of cure
mechanism. Films were prepared by air
drying different pH solutions overnight
and then curing at room temperature (~ 25),
38, or 110°C for an hour. The films prepared were directly applied to the sampler port in the accessory.
Examples of FTIR Spectra are shown
in Fig. 20. The frequencies and intensities of key functional groups are tabulated in Table 3. The carbonyl stretching in the 1,714-1,717 cm-1 region is not
involved in crosslinking and is used as
an internal reference for each studied
spectrum. The peak area under the carbonyl stretching is integrated.
Relative absorbance intensity reported in Table 3 is calculated from each
peak area divided by its own carbonyl
peak area. The technique is employed to
minimize the effect of varied film thickness on absorbance intensity and enhances the accuracy of absorbance intensity for a quantitative analysis.
The pH 4.61 and 7.2 solutions were
prepared with ammonia adjustment
from the pH 3.86 solution. When the pH
7.2 solution is cured at 110°C for an
hour, the relative intensity of –CH3 in

the 1,387-1,393 cm-1 region as shown in
Table 3 and Fig. 21 decreases from 0.33
to 0.09.
It suggests that the hydroxyl groups
in the hydrogel solution may react with
the methoxymethyl group (CH3-OCH2-N-), then release CH3OH, and consequently decrease the intensity of
– CH3.
The pH 4.62 solution showing the
same trend as the pH 7.2 solution decreases the intensity from 0.21 to 0.07.
This reaction seems favored by the
presence of ammonia even though pH is
4.61.
Fig. 22 shows a schematic etherification mechanism. Ammonia initiates a
proton solvation and forms an electron-rich oxygen for a nucleophilic attack
on the methoxymethyl ether carbon to
release CH3OH. At the same time, ammonia also may solvate the –OH group
in the methylol group to repulse the approach of the electron-rich oxygen.
However, when the pH 3.86 solution
increases cure temperatures from room
temperature to 38°C to 110°C, the intensity of –CH3 decreases slightly from 0.14
to 0.11. The results demonstrate that
the hydroxyl groups may preferably react with the methylol group to release
water. The mechanism in Fig. 23 proposed by S.M. Magami15 may be applicable here.
–COO- stretching is observed in the
1,551-1,555 cm-1 region. The intensity as
shown in Fig. 24 and Table 3 decreases
from 0.76 to 0.33 in the pH 7.2 solution
and from 0.33 to 0.14 in the pH 4.61
See Hydrogel, page 18

Fig. 21: -CH 3 intensity.

Fig. 20: Spectra of the films before (upper) and after (lower) 110oC for an hour from
pH 7.2 solution.

Fig. 22: A proposed mechanism in the presence of ammonia.

Fig. 23: A proposed mechanism without ammonia.

Fig. 24: -COO- intensity.
Table 3: FTIR frequencies and absorbance intensities.
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MedPlast consolidating New Jersey operations
By Catherine Kavanaugh
Plastics News

TEMPE, Ariz.—MedPlast Inc. plans to close its West
Berlin, N.J., facility by the end of June and consolidate
some operations and personnel into its South Plainfield,
N.J. site, which is about 70 miles away.
“This is a strategic business decision
to better serve our customer’s long-term
business needs and remain competitive
in the medical device manufacturing
environment,” Director of Marketing Kathryn Misra said
in an email.
Based in Tempe, MedPlast is a contract manufacturer
of single-use medical devices with 10 manufacturing sites
in the U.S. and five more in Puerto Rico, Costa Rica,
Mexico, China and the United Kingdom. The company
has 22 sites, counting support facilities.
MedPlast produces diagnostic, orthopedic, surgical and
other medical products for original equipment manufac-

Hydrogel
Continued from page 17
solution. When cure temperature increases from room temperature to
110°C, ammonia used to adjust pH
evaporates out during the curing at
110°C for an hour, and the evaporation
reduces the formation of –COO-.
High pH also results in more –COOformation, and consequently increases
more in the initial intensity in the pH 7.2
solution than in the pH 4.61 solution. On
the contrary, the intensity of –COO- in
the pH 3.86 solution seems to be slightly
increased from 0.13 to 0.17. High cure
temperatures may slightly favor the ionization of carboxylate ions from carboxylic acids in the pH 3.86 solution.
The peak in 1,448-1,451 cm-1 region is
associated with methylene -CH2 bending and methyl –CH3 antisymmetric
deformation. The pH 4.61 and 7.2 solutions release CH3OH upon crosslinking.
This contributes to the decrease in the
intensity in the region as shown in Fig.
25 and Table 3. The pH 3.86 solution
changes the intensity from 0.1 to 0.12.
No evidence of the crosslinking through
the release of CH3OH in the pH 3.86 is
suggested.
Fig. 25: -CH 2 and-CH 3 intensity.

turers with 1,800 employees.
In West Berlin, MedPlast has a 60,000-sq.-ft. facility
with a Class 8 clean room, 44 molding presses from 28 to
300 tons, capabilities for multi-component, two-shot,
over- and insert molding; services for assembly, decorating and packaging; and specialty expertise in prismatic parts and medical
mold making.
MedPlast is not commenting on what
the West Berlin plant closure means in
terms of job losses or operating efficiencies.
“Because of the proximity of our other New Jersey facility, many employees have been offered similar positions at
that facility,” Misra said.
MedPlast has a 46,000-sq.-ft. plant in South Plainfield
with clean rooms, a tooling center, various molding capabilities, device assembly and packaging, staples manufacturing, ultrasonic welding, and blister and pouching.
The announcement of the West Berlin plant closing

The peak in the 1,232-1,235 cm-1 region corresponds to aliphatic C–N vibration. All solutions remain mostly unmodified throughout cure temperatures.
This proves that crosslinking has not
centered on the N group.
The absorbance in the 1,159-1,162 cm-1
region arises from C–O-C ether stretching vibration. No significant change is
found throughout cure temperatures for
the different pH solutions. The peak in the
1,013-1,017 cm-1 region corresponds to the
stretching vibration of ether groups.
The intensity as shown in Fig. 26 and
Table 3 changes more in the pH 7.2
solution from 0.22 to 0.11 and in the pH
4.61 solution from 0.14 to 0.07 than in
the 3.86 solution from 0.15 to 0.15.
The crosslinking in the pH 7.2 and
4.61 solutions through the release of
H–O-CH3, in which less restricted ether
bending in -N-C–O-CH3 changes to more
steric hindrance in the crosslinked network, may contribute to the decreased
intensity. The crosslinking in the pH
3.86 solution through –N-C-O-H does not
have the ether exchange as discussed.
The absorption in the 1,072-1,074 cm-1
region corresponds to C–OH stretching.
All solutions show a decrease in the intensity because –C-OH group is involved
in crosslinking as shown in Fig. 27 and
Table 3. However, the decrease in the

comes a year after MedPlast doubled its size by acquiring
the device manufacturing business of Vention Medical,
which served many of the same customers and had been
based in South Plainfield. That deal happened just two
months after MedPlast was acquired by the private equity firms Water Street Health Care Partners and JLL
Partners.
Following the Vention acquisition, Misra said MedPlast focused on strategic initiatives related to improving
operations to meet critical customer needs related to
safety, quality and optimizing processes “with the ultimate goal of bringing their innovations to life faster and
more efficiently.”
She also said MedPlast continues to invest in compliance.
“We have a number of activities across all our 22 sites in
an effort to drive awareness and educate employees about
the importance of quality. These programs are a result of
the competitive landscape of contract manufacturing for
medical devices,” Misra said.

intensity from 0.45 to 0.2 in the pH 7.2
solution is much sharper than from 0.19
to 0.18 in the pH 4.61 solution and from
0.16 to 0.12 in the pH 3.86 solution.
Ammonia solvation forming a -C-Ocomplex as explained in Fig. 19 may
significantly contribute to the increase
in the intensity initially and the decrease after curing from ammonia
evaporation. The pH 4.61 solution may
not have enough ammonia to form a
sufficient amount of complex for the increase in the intensity.
The IR spectral data in Table 3 suggest that the crosslinking in an acid-containing hydrogel solution may involve a protonated reaction with the
methyl group, creating a carbocation
which releases H2O, and forms a nucleophilic bonding from alcohol groups. The
crosslinking can occur at low temperatures and is promoted by the presence of
a strong acid.
In the presence of ammonia, the hydrogel solution more likely reacts with
the methoxymethyl group. The crosslinking initiates a proton-solvated reaction on alcohol groups and then a nucleophilic attack on the methoxymethyl
group to display CH3OH. This occurrence is evidenced with the decreased
intensity of –CH3. The crosslinking requires higher temperatures and is more
active with a strong base.

Conclusion

The hydrogel developed with an acid-containing group can crosslink at
room temperature. The addition of ammonia raises the cure temperature for
the hydrogel solution and changes the
cure mechanism from methylol to methoxymethyl groups. At the same time it
also improves solution stability and significantly increases water absorption
but decreases layer adhesion.
The introduction of a viscosity modifier increases water absorption in a high
pH solution but not in a low pH solution
and slightly hinders the crosslinking.
Fig. 26: -C-O-C intensity.

Fig. 27: -C-O-H intensity.

A medical device may first be coated
with a low pH hydrogel solution and
then coated with a high pH solution to
optimize properties such as adhesion,
water absorption, and lubricity. Many
medical drugs are soluble in a slightly
acidic condition and can mix well with
the first layer of the hydrogel coating.
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