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Recent progress with titanate and silane coupling agents in the surface modification of inorganic
fillers is reviewed. The coupling mechanisms and their effects plus some examples of their practical

applications are described.
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Table 1 Structures and physical properties of silane coupling agents

Specific
Trade Chemical name Structure MOIE?‘CUIar gravity
name weight (25°C)
KA 1003 | Vinyltrichlorosilane CHe=CHSiCla 161.5 | 1.28
KBE 1003 | Vinyltriethoxysilane CH2=CHSi{OC:Hs)2 180.3 0.93
gac 1003 | Yinyl-tris(methoxyethoxy)- CHe-CHSI(OC:HOCH:)s 280.4 | 104
. r-Glycidoxypropyltrimethoxy- CH2-CHCH20CH2CHCH:Si{OCHs)s
KBM 408 silane \O/ 236.1 1.07
Methacryloxypropyltrimethox C|H3
KBM 503 | [ ernactyioxypropy Y OG- C-0-CoHSIOCH ) 248.1 | 104
It
N—-{A~Aminoethyl)y-aminopropyl- . .
KBM 603 trimethoxysilane HeNCHaNHCsH:SI{OCHs)s 222.1 1.03
N—({ f~Aminoethyl)y-aminopropyl- | HzNCHNHCsHsSH{OCHs)e
KBM 602 methyldimethoxysilane CHs 206. 1 0.98
KBM 703 | y~Chloropylirimethoxysilane ClCsHeSI{OCH3)a 198.5 1.08
KBM 803 | y-Mercaptopropyltrimethoxysilane ] HSCsH:Si{OCHz)a 196.1 1.06
KBE 908 | y-Aminopropyltriethoxysilane j H2NCsHsSi(OCeHs)a 221.0 0. 94
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Table 2 Structures and physical properties of titanate coupling agents
Trade Chemical name Struct Mc.)lecular Speci_ftic_
name ! ructure weight gé%‘%f
y ) CHs 0]
KR-TTS | Isopropyliriisostearayltite CH%CIHfOfTis"&nCJ-:Has . 957 0.94
I Jéridodecylb G ? Y |
KR-98 sopropyltridedecylbenzene- . | T o 2 .
suifonyititanate CHs- CH 0-Tin-0- S < / Cl“HzaJa 1, 083 1.08
: | ” | C‘I-Ia O 0]
KR-38S sopropyl-tris(dicctylpyro- 1. (T . 1 i
Phaeshate) titanate | CHe-CH-O-Ti~-0-P-0-P~(O-Calls}z |, 1,811 1.10
OH
R ; CHs
_ Tetraisopropyl-bis(dicctyl-
RRALB  ohosphite) titanate CHy-CH-0--Ti+ (P~O-CsHirhOH): g7 0¥
Tetraocty—-bis{ditridecyl-
KR-46B | Tgtracely —hisldiiridecy (CsHir-03; Ti+ (P-€0-CisHzr)sOH )2 1,458 | 0.04
CHz-0O~CHa~CH- ;
Tetra (2, 2—diallyloxymethyl- (| #O-CHs CHz) )
KR-58 1-butyl)-bis(ditridecyl- CoHe-C-CH2-O S 1,794 0,97
phosphite) titanate  (PefO-CasHzr 2 OHO 2
S O O )
Bis{dioctylpyrophosphate)- (";_
KR-1885 ‘ oxyacetatetitanate C;IHTO>Ti~fO*#’—O—%%OwCan}z 2 925 i 1.09
| Bis(dioety lpyrophosphate) 'CH O\ps ? 9
KR-238 & ' Bis(dioctylpyrophesphate)- & P -O-PO- 911 1.08
ethylenetitanate CHz O/ -0 (I; O~ P-€0-CeHur)e 2

Table 3 The generalized and typical chemical
structures of four classes of titanates

Class Molecular structure
Monoatkoxy i-PrO—Ti~{OR}s
Chelate (ﬁ
100 series \
| Ti—0R}:
H.C—07"
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Table 4 Effects of coupling agents on physical
and chemical properties of resins and inorganic

fillers
Titanate Silane
Resin %Eg;ﬁg;ﬁiﬁd Thermoset only
%rllg;ganlc Broadly used Limited
. Improve
Primary s Improve strength
processability .
effect  Tmprove fexibility Improve stiffness
Bo BE-T, A4, KR-38S5, KR-1385, KR-2385%
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Table 5 Generalized formula for titanates and
silanes to point out bhasic and mechanistic
differences according to the six functions

D @ ©®6p 0] @ @®
RO-Ti & 0—X~R~¥Yy | (ROY-5i-LR—¥),

Function 1| Monecalkoxy -Monomoiecular | Triatkoxy-Qligomer

Function 2| Transesterification None
Function 3| Carboxy!, Phosghate None
Pyrophosphate, Phosphite
Sulfonyl
Function 4| Long chain Short chain
Function § | Reactivity Reactivity
Ist degree

Function 61 1st, 2nd or 8rd degree
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Fig. 1 Chemiésl bonding theory

Table 6 The relationship between SP value
and flexural strength

SP Flexural

R Value strength

{calfcm3)? (kg/mm?}
Vinyl 6.5 1815
Ethyl 7.0 73.1
Dodecyl 8.0 69.6
Mereaptopropyl 8.6 168.2
Aminopropyl 8.7 96.3
Methacryloxypropyl 9.0 201,0
Glycidoxypropyl 9.3 179.3
Phenyl 9.2 75.9
Cyanopropyl 10.5 30.9

Unsaturated polyester: 10.3

@ Surface Wettability Theory

@ Restrained Layer Theory?®®
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Table 7 The effect of X on flexural strength
of V181 Xs-finished-glass-cloth-reinforced poly-
ester resin composites®

Flexural strength
{psix 10-3)

WY TNy Y VIRABRUF SR Ay T CHe=CHSiX, Dry  8-Hr boil
v 7R B ERE 2T, —Cl 68.5 58.1
5.1 ¥S5vhy7d U IEOER —OCH; 65.0 59.0
Pig. 6 FxF Lol vy v =2 nEESHE —0:CHs 66. 0 57.0
—QCH:CHOCH; 69.0 61.0
1100 — .
Il
—0OC—CHs 64.0 57.0
—N(CHa)e 72.2 57.8
= 1000 - * Laminate constructed from 12 piles of glass
v and a general purpose polyester resin
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Pig. 6 The relationship between tensile strength Boiling time (Hr)
and silane concentration with the use of various Fig. 7 Changes of flexural strength vs.
kinds of silanes boiling time
Table 8 Electrical properties after boiling for 72 hrs
Properties Conditi giisfg;gi -Vplqmge Dielectric Dielectric loss EDV
ondition resistance résistivitly constant tangent
Silane (ecm 1Hz 1Hz KVimm
None Dry 1. 1x 10 8. 0x 101 5. 46 0. 029 18.1
Boil 2.5x107 1.6x10° 9. 40 1.73 8.0
KEBM-403 Dry 8.0x 104 2. 5x 101 5.76 0,018 21.2
Bail 7.5 1M 5. 9x 1018 6,00 0. 025 20.2
KBM-602 Dry 1.0 10 5.1 101 5.84 0.018 21.0
Beil 1.2x 101 2. 8x 1012 6,23 0.033 18.6
KBM-503 Dry 4.1x10%3 5.8 101 5.68 0,017 20.7
Boil 5. 0x 1010 2,410t 6.12 0. 033 18.1
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Table 3 Electricel properties after hoiling for 24 hrs

Properties iﬂfi‘fﬁgﬁ Volume Dielectric Dielectric loss BDY
Condition resistance resistivity constant tangent
Silane Qeem M1 Hz 1 MHz KV/mm

None Dry | 8.2x1e 4 0x 12w 7.52 0.026 9.8
Boil 8. 0x 107 1, 4108 i4.6 0. 407 0.5

KBM-403 Dry 3.5 101 1.0x1008 8,58 0. 034 14.6
Boil 7.0 101 2,.9x10u 8.75 0. 034 13.4

KBM-602 Dry 8.5x 101 2.0x101 8,42 0.034 13.8
Boil 5.2x 101 1.6x 101 8.75 0,036 13.5

1

KBM-603 Dry l.ax101t 2.2x1012 8.25 0. 03¢ 15.1
Boil 4.5 1010 1.5 101 8.80 0,030 14.0
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Table 10 The effect of titanates on flame
-retardation of highly flled polypropylene

Filler  Titenate  Flexibility 5 |y 5 asoes
Barium None Flexible V-2 V-2
Sulfate KR-TTS Flexible V-2 V-2
KR-383 V.Flexible V-0 V-0
KR-46B V.Flexible V-0 V-0
Zirconium  None Flexible V-2 V-2
Silicate ER-TTS V.8 Teaoc V-0 V-0
ER-38S Flexible V-0 V-0
KR-46B V,Flexible V-0 V-0
Calcium Nonea Flexible Butn V-2
Sulfate KR-TTS V.Flexible V-0 V-0
CKR-388  V.Flexible V-0 V-0
KR-46 83 V.Flexible V-0 V-0
Test Formulation : B
Polypropylene 589,
Decabromobiphenyl Oxide 229
Antimony Ozide 60
Filler 149
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