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Introduction
- Alu Elcap principle is more than 100 years ago, Patent 1897
- Advantage Huge CV product in voltage range 2-600 V; Capacitance
range µF - F
- Low cost, coolable, many applications in industry and automotive
- Reliable (when you design it in the right way)
- Always technological development due to progress in chemistry
- Therefor still “alive”
- Today introduction in Polymer Alu Elcap

Many Polymercaps parallel vs Flatpack - CDE

Source: CDE

Basic construction of Aluminium electrolytic
capacitor
Cathode foil (-)
Paper/Electrolyte

Anode foil (+)

Materials HV-Anode foil
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Fig 2 Possible interaction modes between the carboxylic acid head group (left) and a polyolic
compound (right) with the Al2O3 surface with varying degrees of interaction between the
carbonyl(alcohol) oxygen and the surface [11].

Conductive Polymers

•

The main chain contains

Heteroatoms present

No heteroatom

Nitrogen-containing

Aromatic cycles

Double bonds

•Poly(fluorene)s
•polyphenylenes
•polypyrenes
•polyazulenes
•polynaphthalenes

•Tetracyanoquinodime (NC)2CC6H4C(CN)2.
OSCON
thane (TCNQ)
•Poly(acetylene)s (PAC)

Aromatic cycles and double
bonds

•The N is in the aromatic
cycle:poly(pyrrole)s (PPY)
•polycarbazoles
•polyindoles
•polyazepines
The N is outside the
aromatic cycle:
•polyanilines (PANI)

•Poly(p-phenylene
vinylene) (PPV)

Sulfur-containing

•The S is in the aromatic
cycle:poly(thiophene)s (PT)
•poly(3,4ethylenedioxythiophene) (PEDOT)
The S is outside the aromatic cycle:
•poly(p-phenylene sulfide) (PPS)

New Developments
Electrolyte PEDOT:PPS – delocalized pi-electron system conductivity in 2D
e-

e-
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moderate of
hydrogen
bonds (4 to 15 kcal
mol ). With this

This indicates that the lm released water during the heating
process, as also observed by TGA (Fig. 5(b)). The rst weight loss

PEDOT PSS

Fig. 4 Morphological models of PEDOT/PSS grains at diﬀerent

temperatures derived from combined TEM and AFM measurements.
The typical diameter of PEDOT/PSS grains is 40–60 nm, with a PSSrich shell thickness of 5–10 nm. The inset in the top-right corner
depicts two regimes of hydrogen bonding in PEDOT/PSS.
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information, we propose a conguration in which the water
molecules are hydrogen-bonded with PSS chains, as shown in
Fig. 5(c).
Typically, every three or four thiophene unit on PEDOT
chains carries a positive charge. The benzene rings in PSS
chains carry two kinds of sulfonic groups that can be either
ionized SO3# or neutral SO3H. The ionic bonding between SO3#
and thiophene rings results in a complex structure of PEDOT
with PSS.34 The hydration will start with the xation of H2O
molecules on the free and highly hygroscopic SO3H groups.19 In
the molecular structure of PEDOT/PSS shown in Fig. 5(c), we
assume that (C6H6O2S)m(C8H8O3S)n is the molecular formula of
PEDOT/PSS. Based on the weight ratio of PEDOT to PSS (1 : 2.5)
and their monomer molecular weights (140 and 182, respectively), the m/n ratio is estimated to be 0.443. By taking into
consideration that 20 wt% of water was absorbed by the PEDOT/
PSS, we write the molecular formula of the “wet” PEDOT/PSS at
65% RH as (C6H6O2S)0.443n (C8H8O3S)n (H2O)3.6n. This simple
formula indicates that three or four water molecules are
absorbed by each PSS chain at room temperature, as illustrated
in Fig. 5(c). As a result, the microstructure will be dominated by
regime 1 as shown in Fig. 4 at room temperature. The lms are
basically swelled by the water vapor and the weakened hydrogen
bonds react with water viathe following equation.32,37
H2O + PSS(HSO3) / H3O+PSS(SO3)#

(3)

Thermal properties and molecular structure of the PEDOT/PSS
This journal is © The Royal Society of Chemistry 2014
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Results –
Standard HV Anode Foil
Oxide plus Polymer
SDU can measure the Polymer content in a
single pore (also over the length which is not
shown here)

Summary
Technical limits of liquid high voltage electrolytes was discussed.
A 450 V-working voltage Polymer Aluminium Electrolytic capacitor
technology is under development.
ESR values of factor 10 smaller than standard are already obtained
Preliminary breakdown voltages > 500 V even at 150°C are obtained.
Building of model capacitors for lifetime assessment will be conducted
Power cycling of those model capacitors and lifetime estimation of model
capacitors will be performed soon.

Thank you for listening
Questions ?

