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The Chemistry of Blocked Isocyanates

Introduction

The isocyanate groups associated with urethane crosslinkers are highly reactive
towards many other compounds. This reactivity can lead to stability problems in
two pack (2k] coatings and prepolymers, due to pot life limitations and the ability of
the NCO groups to react with atmospheric moisture. Blocking technology was
developed to overcome these limitations and to give storage stable one-pack
systems (1k) which can be thermally or chemically re-activated.

Baxenden’s Trixene blocked isocyanates are designed to be
compatible with hydroxyl functional polyesters, polyethers and

acrylics, as well as epoxy, phenolic and amine functional resins.

Mechanism

1.

The first step is the thermal liberation of
the isocyanate group (R-NCO).

The second step is the reaction of the
generated isocyanate with the available
hydroxyl groups.

The blocking agent is either liberated as a
VOC or, as in the case of the pyrazole
systems, remains mainly in the cured
coating.
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The level of blocked isocyanate required in a given formulation is calculated from
the apparent equivalent weight.

The mechanism for the reaction between blocked isocyanates and hydroxyl
functional species is given below.

Blocked Isocyanate Mechanism

R—N=C=0+BL
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DMP Blocked Isocyanates

In the drive to lower the wunblocking temperature of conventional
blocked isocyanates, Baxenden Chemicals developed the use of
3,5-Dimethylpyrazole (DMP).

DMP blocked isocyanates have several advantages relative to other established
blocking technologies.

e Improved resistance to chemical and environmental attack.

e Better colour stability particularly on overbake and
UV exposure.

e Lower unblocking temperature (110-120°C)
and increased cure response.

e Reduced VOC emissions due to low
volatility of blocking agent.
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Speciality Blocked Isocyanates

Baxenden’s Speciality Chemicals Division is at the forefront of
blocked isocyanate technology. The Trixene range of products
is designed for high performance coatings in a wide range of
application areas.

The reduced curing temperature of the Baxenden products also
creates opportunities to heat cure coatings on temperature
sensitive substrates such as plastics.

Trixene Iso Type
Grade No.

Blocking Agent Viscosity Eq. Wt. Solids Solvent
[@ 25°C (mPa.s) (as supplied) (%)

Application

Aromatic Blocked Isocyanate

Bl 7641 TDI DMP 6,250 744 60 PMA / Xylene Automotive,
Prepolymer coil, leather
Bl 7642 TDI MEKO 25,000 737 60 PMA / Xylene Coil, automotive,
Prepolymer primers/base
Water Based Blocked Isocyanate
Bl 7986 HDI trimer DMP 150 846 40 Water/NMP Automotive and
coil coating
BI 7987 HDI trimer DMP 200 933 40 Water/DPGME Automotive

and coil coating

Aliphatic Blocked Isocyanate

BI 7950 IPDI DMP 1,200 567 65 PM Automotive and
coil coating
Bl 7951 IPDI trimer DMP 3,500 539 65 Cy Aromatic/BA Automotive and
coil coating
Bl 7960 HDI biuret DMP 1,100 410 70 PM Coil and
electrodeposition
Bl 7961 HDI biuret DMP 2,250 410 70 Cy Aromatic Coil and
electrostatic
BI 7963 HDI biuret DEM 4,500 477 70 PM Low temp curing
or higher reactivity
Bl 7981 HDI trimer €-cap 450 476 65 PM Acetate Coil coating
Bl 7982 HDI trimer DMP 600 410 70 PM Automotive and
coil coating
Bl 7984 HDI trimer MEKO 3,000 373 75 Cy Aromatic Automotive and

coil coating

Hybrid Aliphatic Blocked Isocyanate

Bl 7990 IPDI trimer DMP/DEM 5,000 538 65 PM/ Automotive
PM Acetate and coil coatings

Bl 7991 HDI biuret DMP/DEM 1,000 456 70 PM/ Automotive and
PM Acetate coil coatings

Bl 7992 HDI trimer DMP/DEM 1,500 456 70 PM/ Automotive and
PM Acetate coil coatings

Key features of the Trixene Bl product range include:

e A range of flexibility, functionality and branching.

e A range of blocking agents to meet unblocking temperature and cure speed requirements.
e Compatibility and stability in the presence of hydroxyl functional resins.

e Monomeric isocyanate emissions well below safety limits during curing process.

e Exceptional colour, colour retention and pigment tolerance.

¢ No significant VOC increases compared with conventional 2k coatings.

¢ No significant overbake yellowing when using DMP to block aliphatic systems.

e Solids contents suitable for medium to high solids coatings.

e Water dispersible and emulsified systems for low VOC coatings.



Baxenden’s Blocking Technology

3,5-Dimethylpyrazole

Diethyl malonate
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Baxenden Chemicals pioneered and patented the use of
3,9-Dimethylpyrazole as a blocking agent. Continuous refinement

of the in-house manufacturing

process yields a very pure and

consistent blocking agent for use in high performance coatings.

This gives lower unblocking temperatures than other
conventional blocking technologies (e.g. MEKO), whilst offering
excellent colour stability.

Recent developments have centred around the use of hybrid

blocked isocyanates combining the attributes of both 3,5-
dimethylpyrazole (DMP) with diethyl malonate (DEM).

Blocking Agents

Baxenden Chemicals uses a wide range of different blocking
agents in its systems. The choice of blocking agent is governed
by several different factors.

1 The choice of co-reactant, i.e. hydroxyl or amine functional.

2 The time and temperature of curing.

Blocking Agent

Diethyl Malonate (DEM] 100 - 120
3,5-Dimethylpyrazole (DMP) 110 - 120
Methylethylketoxime (MEKO) 140 - 160

Caprolactam (E-CAP) 160 - 180

Unblocking Range (°C)

These systems give a combined polymer network resulting from
two differing reaction mechanisms.

DEM blocked isocyanates have a tendency to crystallise on
standing. The process of hybridisation reduces this and also
improves the compatibility with OH functional resins.

The table below gives the range of blocking agents available
along with their unblocking temperatures when used with
aliphatic isocyanates.

3 Method of application.

4 End use application, e.g. primer or top coat.

Melting Point (°C) Boiling Point (°C)

-50 199
106 218
-30 152
72 138



Blocked |Isocyanate Prepolymers

Baxenden Chemicals produces a range of blocked aromatic prepolymers for use as
epoxy flexibilisers. These systems are designed for use with ambient temperature

processed, amine cured, two pack epoxy systems.

Trixene
Grade No.

BI 7770

BI 7771

BI 7772

BI 7774

BI 7779*

*contains 10% dioctyl adipate

Iso Type

TDI

TDI

TDI

TDI

TDI

Replacing some of the epoxy resin in the formulation with these products gives
increased elongation, impact resistance and flexibility without compromising the
chemical resistance of the epoxy.

Polymer Type

Branched

Branched

Linear

Branched

Branched

Viscosity Isocyanate Eq. Wt.
@ 25 °C (mPa.s)

68,000 1860
80,000 1750
35,000 2100
40,000 1945
30,000 2170

Baxenden Chemicals’ policy of customer service means we will undertake product design to suit
individual customer requirements. Many of the products listed can be provided in different solvent
combinations to accommodate different application techniques and stoving temperatures.

Notes:

The recommendations made above are general in nature. Although every effort has been made to
supply reliable data it is for informational purposes only. We cannot guarantee the results as stated
to be obtained since we have no control over the end use of the material. Each user must make
their own tests to determine the suitability of the material for their own use. Nothing contained

herein is intended as a recommendation to use our products to infringe any patent.



AUSTRALIA

Rebain International (Aust) Pty Ltd
117 Rouse Street

Port Melbourne
Melbourne

Victoria 3207

AUSTRALIA

Tel: 613 96466379
Fax: 613 96466759
andrewl@rebain.com
www.rebain.com

AUSTRIA
Apaco-GroBhandel GmbH
A-1180 Wien

Herbeckstr. 90

AUSTRIA

Tel: 43147088 92
Fax: 43147002 83
office(@apaco.at

CANADA

Inortech Chimie Inc
445 A, boul Industriel
St-Eustache

Québec

J7R 5R3

CANADA

Tel: 1 450 472 5580
Fax: 1450 472 5570

jmp(@inortech.com
www.inortech.com

CHINA

EJ Chemical Co Ltd

Unit B, FL 18, East Ocean Centre
No. 618, Yan An Dong Road
Shanghai 200001

PR CHINA

Tel: 86 21 53065730

Fax: 86 21 53065220

FINLAND

Telko OY

Kutojantie 4

FIN-02630 Espoo
FINLAND

Tel: 358 9521710
Fax: 358 9 780 064
kimmo.kivi@telko.fi

FRANCE

Warwick Adriss

BP604

F-95004

Cergy-Pontoise Cedex
FRANCE

Tel: 33 130375460
Fax: 33 130375393
adriss(@warwickadriss.fr

GERMANY

Brenntag GmbH

Stinnesplatz 1

D-45472 Miilheim an der Ruhr

GERMANY
Tel: 49 208 7828 7440
Fax: 49 208 7828 7530

infodbrenntag.de

GREECE

Delta Chemicals S.A.
Pireos 180 & Lamias
177 78 Tavros

Athens

GREECE

Tel: 30210 3470780/34 64 313
Fax: 30210 346 891

infoddelta-chemicals.gr

ITALY

Pagliara Prodotti Chimici SPA
Via Don Comotti 7

24050 Lurano (Bergamo)

ITALY
Tel: 39 035 800050
Fax: 39 035800288

pagliarafdpagliara.it
www.pagliara.it

KOREA

Jang Woo Colorchem Corporation
E&C Dream Tower 3

Room 909, 197-33, Guro-dong

Guro-gu

Seoul

KOREA 152-848

Tel: 82 2861 1445
Fax: 822861 1448

Infoldjangwoocolorchem.com
www.jangwoocolorchem.com

MALAYSIA

Finn Chemicals SDN. BHD
128A, Jalan SS 21/35
Damansara Ulama

47400 Petaling Jaya
Selangor Darul Ehsan

MALAYSIA
Tel: 603 7727 9345
Fax: 6037727 9335

NETHERLANDS & BELGIUM
E H Worlée & Co BV
Meenthof 17A

NL-1241 CP Kortenhoef

NETHERLANDS
Tel: 31356561424
Fax: 31356560694

chemie@worlee.nl

NEW ZEALAND

Rebain International (NZ) Ltd
Level 1

2 Fred Thomas Drive
Takapuna

Auckland

NEW ZEALAND

Tel: 64 9 4866637
Fax: 64 9 4866286
sales@Rebain.co.nz
www.rebain.com

POLAND

(Central, East & Southeast Europe)

Worlée-Chemie GmbH
Grusonstrasse 22

D - 22113 Hamburg
GERMANY

Tel: 49 40 733 33-143 & 146

Fax: 49 40 733 33-296
MoSchmidt@ch.worlee.de

SWEDEN/DENMARK
Univar AB
Marieholmsgatan 56
SE-401 20 Gothenburg

SWEDEN
Tel: 46 31838100
Fax: 46 3184 39 80

ake.lyblad@univareurope.com

SPAIN

Warwick Benbassat S.A.
Comte d'Urgell 240
08036 Barcelona

SPAIN
Tel: 34 93 49 49 200
Fax: 349332209 93

jprenedol@warwickben.es

SWITZERLAND
Keyser & Mackay
Badenerstrasse 701
CH-8048 Ziirich

SWITZERLAND
Tel: 4114343070
Fax: 411431 64 63

keymac.ch(@dkeymac.com

TAIWAN
An Fong Development Co Ltd

No.11-8, Yongchun Road, Nantun

District

Taichung City 408

TAIWAN

Tel: 886 4 23861866
Fax: 886 4 23862966

anvictor@ms45.hinet.net

Baxenden

Chemicals Limited

TURKEY

Paksoy

Kimyevi Maddeler San. Ve Tic. AS
Gebze Organize Sanayi Bélgesi
700. Sokak

41480 Gebze

TURKEY
Tel: 90 262 7511351
Fax: 90 262 7510258

kimar@superonline.com

USA (West Coast)

Tri-Iso Inc.

480 N. Indian Hill Boulevard
Suite 2A

Claremont

California 91711

USA

Tel: 1909 626 4855
Fax: 1909 621 9119
service@tri-iso.com
www.tri-iso.com

USA (Midwest)
Archway Sales Inc
4155 Manchester Ave

St Louis

MO 63110

USA

Tel: 1314 533 4662
Fax: 1314 533 3386

rbeckmann(@archwaysales.com
www.archwaysales.com

SOUTH AMERICA

QClI Britannic

2730 SW 3rd Avenue, Suite 500
MIAMI

Florida 33129

USA
Tel: 13058600102
Fax: 1305 858 9718

efreund@quem.com
www.quem.com

Chemical expertise for global benefit

Speciality Chemicals Division, Baxenden Chemicals Limited,
Paragon Works, Baxenden, Accrington, Lancashire BB5 2SL, England.
Tel: +44 1254 872278 Fax: +44 1254 302400
mail@baxchem.co.uk www.baxenden.co.uk
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