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Ways of Incorporating FR in EP  pabaltec
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Possible Combinations of HFFR = Clariant
Nabaltec

+ P in polymer chain
H1 - -
P - high price
o1 - influence on resin prop., e.g.

02

- lowers T
- iIncreases water uptake

.Phosphaphene-anthrene-oxide*

14% Phosphorous
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Possible Combinations of HFFR = Clariant
- — Nabaltec

e.g.

Dow Chemical,
Tohto Kasei,

Nan Ya,
Huntsmann,
Hexion Chemicals

e.g.

DIC

(Dai —Nippon Ink
& Chemicals),
Supresta
(ICL)

e.g.
Nabaltec,
Clariant,
Budenheim,
Ciba

Combination of these HFFR’s give a wide range of
possibilities to optimize base material for each application
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Halogen-Free FR for PCB s = Clarjant

Nabaltec

Technical requirements to FR system and base laminate

Thermal properties Mechanical properties

No bubbles or delamination after PCT High Copper peel strength

No decomposition or delamination High inner laminate adhesion
during soldering

low CTE

High Tg-level of base laminate

Good electrical properties (Dk, Df) Good chemical resistance against
acid, alkali and oxidative substances

No propensity for migration Suitable resin flow of prepregs
(CAF testing)

Low water uptake Acceptable prepreg surface
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Halogen-Free FR for PCB s == Clariant

Nabaltec
Technical Challenge: Usually, a combination of different compounds is

necessary to match the requested properties.

Traditional varnish Varnish bath (halogen-free)
composition > 6 components system
4 component system: —  new epoxy resin ?
— €epoxy resin — new curing agent ?

(brominated)
— curing agent
— Accelerator
— solvent

— new accelerator ?

— flame retardants ?

— fillers ?

— processing additives?
— solvent

Challenge - the varnish bath must be completely reformulated,
and individual components optimized to customer requirements.
No industry standards - Each customer with own recipe, tests & requirements
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Processing of Filler Type FR =" Clariant

Nabaltec

‘ Incorporation into acetone, MEK,
etc. as solvent is preferred

- use a high-speed dissolver for good dispersic

- Additives can improve dispersion, air release,
and stability (anti-settling)

B State of the art :

Inline dispersion machines, egqg.
YSTRAL Conti-TDS,
NETZSCH Psi Mix, ...

for dust-free induction, wetting

and dispersing

of powders into a liquid.
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» Example: Apyral® AOH as highly temperature
stable mineral filler with FR functionality
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ATH as FR Filler ? Nabaltec

Aluminium hydroxide : Al(OH); or “ATH”

200°C

®
APYRALT 2a1(0H), —722%— AL,0, + 3H,0

High heat resistance is required for modern lead free
soldering !!l!

Aluminium oxide hydroxide :
AIO(OH) or “AOH”

™Y
a
B -
|

2A|OOH 340°C . Al O . H 0 . .#} 4 ,.
+ 700 kJ/kg U2 ) o b "

APYRAL®AQOH
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Temp.- Profile of Lead Free Solderingnapaltec
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Under such conditions ATH will partially decompose:

| - Loss of flame retardance efficency
B 2> Release of water > CAF + delamination
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TGA-Diagramms . = Clariant
T-Stability of ATH vs AOH s
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APYRAL® AOH - = Clarjant
Synergist for P-Containing FRs Nabaltec

Necessary amount of FR to fulfill UL94 VO in novolak epoxy

Content Tg (DSC)

[% w/w] [°C]
hardener:
Metal phosphinate 16,7 167 dicyandiamide
R ;Ollﬁomirlc t 235 165 accelerator: fenuron
r'yl phosphonate thickness: 4,0 mm
DOPO-HQ 17.0 161 .
no glass fiber
DOPO 158
Tg 180 °C
DOPO + 168
APYRAL® AOH 30

-> Significant reduction of expensive DOPO
= Significant Increase of Tg
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Advantages of APYRAL®° AOH = Clariant

Nabaltec

e Positive influence on

.Tg

scopper peel strength,
laminate adhesion
extremely low CTE reported

(36 ppm (RT-T,) 1)

e T-stable up to 340 °C !l

e NO corrosive & toxic gases

e Smoke reduction effect

e Low price

APYRAL® AOH available from

e high load for FR necessary, V4 1M to 300 Nnm
better to use as synergyst to (typically 1 ym)

P-/N-based FR (mean diameter)

Jtra-thin applica b
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» Example: Exolit® OP as highly effective P-
based FR
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Exolit°OP 930/OP 935 - = Clarjant
Product characteristics Nabaltec

Exolit® OP 935

New class of flame retardants
based on phosphinate chemistry
Additive flame retardant

(not reactive)

= fine grained white powder
= high P-content (23-24%)

= non toxic, no hazard labels
= behaves like a filler

= Mohs hardness: < 3

= good thermostability
(decomposition above 300°C)
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Exolit® OP 930/935 - == Clariant

Toxicological and L2
Ecotoxicological Properties

Exolit® OP:

- IS non-toxic

- there is no need for labelling it as a hazardous substance
(threshold LD, = 2000 mg/kg)

- has no potential for bioaccumulation

- has a very low aquatic toxicity and does not have to be labelled for
ecotoxic effects ! (threshold LD50 = 100 mg/L)
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Exolit OP 930/935 - = Clariant

Registration Status* Mabatec
(in countries with chemical inventories)

v EUrope ELINCS isted

v USA TSCA isted

v China NEPA istec

v Japan ENCS isted

v Korea ECL isted

v"New Zealand HNSO istec

v’ Australia AICS isted

v'Canada DSL isted

Philippines  PICCS Isted

* = A number of countries like Taiwan and India

do not have chemical inventories
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Exolit®OP - ﬁ (lf)lar’i;mt
Efficiency as FR material o=

P- T
Fl y
reta?r;;nt [E/?\]/t?\?vt] Content | (DSC)
[% wiw] [°C]
Metal-phosphinate | 100 | 2.4 168
MPP + P-synergist 0.8
(1:1) 8.0 179
DOPO-HQ [17.0] 1.4 161
DOPO 6.5 0.90 158
DOPO + 2.9+ 0.40
o 168
APYRAL™ AOH 30 30

Necessary weight content of different halogen-free flame retardants in an epoxy novolac
for the classification according to UL94-V0
(resin: DOW DEN 438; hardener: dicyandiamide; accelerator: fenuron; thickness: 4,0 mm; no glass fiber)
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Role of Exolit® OP 930 in *ﬁ Clariant
rigid base material anufacturing “~2227€¢

Varnish

Glass cloth Copper foil

using Exolit’ OP 930
as synergist in
combination with
N or P containing
resins or other
halogen free FR
additives
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Exolit®0OP 930 for halogen free = (lariant
rigid FR-4 board's Mabaltec

— first formulations have been successfully developed
and positively tested throughout the supply chain

- halogen free laminates containing Exolit OP 930 are
already available on the market or are currently being introduced.

Environmentally Friendly, Lead-Free Compatible, FR-4
Epoxy with a Tg of 165°C

Property
Tg (DSC)
Td (TGA 5% weight loss)
T260
Z-Axis Expansion (50°C-Tg)
Z-Axis Expansion (Tg-260°C)
Dk @ 10 GHz

Df @ 10 GHz
Flammability (UL 94)
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Exolit®OP 935 in non rigid FR-4 = (iariant
applications Nabaltec

Exolit OP 935 has been also released for

a) adhesive formulations used in flexible printed circuits
based on polyimide-copper

b) formulations used in epoxy moulding compounds (EMC)

and resist inks
Environmentally friendly adhesive formulation

Property

Adhesive thickness

Peel Strength (after solder float)
Solder resistance (288°C, 10 min)
Dk @ 1 GHz

Df @ 1 MHz
Flammability (UL 94)
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Conclusions Nabaltec

» Halogen-free FR can be used as additive, resin or hardener in
a varnish formulation

» A wide range of materials of halogen-free technologies are
currently available and further research is expected to result
into new raw materials

» This include FR additives, as well as resin backbones

» Both additives and resins have different mechanical and
electrical properties

» This offers an increasing wide ran%e of CCL properties,
which makes it easier to find suitable halogen-free
alternatives for different applications and markets segments.

v Apyral® AOH and Exolit® OP filled base laminates are
available or are being currently introduced into the market
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Invitation

» Please visit us at our boo

» Free HFFR-brochure
available !

Halagen-fres Flafs Aolardanls S

in EAE Applicatsors
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Escoirang avalabis

Ernail: melapur@dba.com

Budanhaim ammonum polyphosphates (FR CROS")
. Budenheim berica Extr mela Budit
EELJdEHht‘JIH m e Exiramues, rrine phesphates { ol .
——— S/M 50784 La ZaidaZaragoza Spain melamine pobyphosph ates Budit")
Phone: + 34 976 1784 12 melarminge cyanurates fBudit™
Ernasil: budenheim@budenheim es inturPescenl Systers I:Eudn.}
wwnwe badenheimoes
Ciba Ime. melamine phosphate I:Mtl.mur' MPF)
CH - 4002 Basel Switzesland mielamine polyphosphate I:h-'lthp-ur' 200}
Phomne: « 41 61 63 &4 000 melaminge cyanurate [Mehpur- MACH

NOR HALS {Flamestab® NOR™ 1186)

Clariant Irternational Led.

M5 Flame Retardants

Rothausstr 61, CH - 4132 Muttenz 1
Phome: «41 61 460 7974

Fax:  +41 &1 463 7577

e-mad: adran beard@danant com

waw exalit com

metal phosphinates (Exlit® OF)
ammeonium polphosphate (Exclit™ AF)
red phaspherus (Exclit™ RF)

Karsruhe Researdh Centra

Iretitute for Technical Eh-cm'u!ry mC-LA

PO-Bax 2640, 76021 Kardsruhe Germany
Phomne: 49 7247 B2 43B5

Fax: +49 7247 B2 2244

Ernail: manfred doerng@itc-cpv fzk de
waow frk defitc-cpv.de

Research and Developement halogen-free
flame miardants

LANXESS Deutachland GrmbH
BU Functional Chemacals
41528 Dormagen Germany
Phomne: +40 2133 51 23784
Fax: 4432133 51 23323

tripheny phosphate (Dicflamell TP
cresyl diphernyl phosphate (Disflamoll 0PE®)

Fax:  +49 9431 81557
E-Mail: fillers@nabaltec de

www phosphorous-chemicak, com
Mabaltec AG alurninium hydroxide {Apyral®)
Nabaltec Alstrae 50 - 52, 92421 Schwandof  bochmite (Apyral” AGH)
spnsieaiek i Phone: +40 9431 53458 f-462/-467 magnesium hydroside (Apymag")

blend of aluminium & magnesium hydroxides
lﬁwmig- AOH)

Supresta LLC
Hoefseweg 1, 3821 AE Amenfoort
The Natherlands

W SLIpnEsta L comm

pohil,3-phenylens methylphosphonate)
{Fyrol PME™

resrcingl bis (diphenyl phosphate)
(Fyrolfiex RDPT)

bi-phenol A-bis (diphenyl phosphate)
(Fyrolfiex BOF")
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