United States Patent (9
DeVoe et al.

(11 Patent Number: 5,047,444
(451 Date of Patent: Sep. 10, 1991

{54]

(73]

(73]

(21]
(22]
(51}

(52

[58]

[56]

FLUORESCENT DEGREE OF CURE
MONITORS

Inventors: Robert J. DeVoe; Katherine A.
Brown-Wensley; George V. D, Tiers,
all of St. Paul, Minn.

Assignee: Minnesota Mining and
Manufacturing Company, St. Paul,
Minn.

Appl. No.: 359,108

Filed: May 31, 1989

Int. CLS ..o, COS8F 12/32; CO8F 265/04;

CO8BF 212/32; C08G 77/04
US. CL e §22/99; 522/100,

522/103; 522/182; 526/256; 526/268; 526/259;
526/299; 526/280; 526/284; 528/15; 528/25;
528/27; 528/28

Field of Search ....................... 522/99, 70, 65, 99,
522/100, 103, 182; 528/15, 25, 27, 28; 526/93,
103, 284, 280, 256, 259, 268, 279

References Cited
U.S. PATENT DOCUMENTS

3,019,336 1/1962 JOhNS ...ooceirecciiiiininenens 250/43.5
3,091,651 5/1963 Soderquist et al. ... ... 260/668
3,091,652 5/1963 Soderquist et al. ... .. 260/668
3,118,060 1/1964 Klein .coccovvvrvneerieennnennneee 250/71
3,130,303 4/1964 Dobbins .......cccceevrenicnennn 250/43.5
3,341,010 9/1967 Switzer ..... .. 209/111.5
3,546,165 12/1970 Morgan ........ccevvvenccrinnnene. 260/47
3,547,827 12/1970 Switzer ...... 252/301.2

3,577,885 5/1971 Wells .o 73/150
3,675,015 7/1972 Geib ... 250/71 R
3,871,885 3/1975 Hertler ...... .. 96/35.1
3,912,928 1071975 Rush et al. ... .. 2507302
3,930,063 12/1975 Miller et al. .. ... 427/54
3,956,630 5/1976 Mellows ........ .. 2507302

3,965,350 6/1976 Molina ............. 250/302

4,009,151 2/1977 Pearsonetal. ... .. 526/284
4,013,623 3/1977 Turner et al. ..... .. 526/284
4,025,710 5/1977 Stolkaet al. ... ceee 526/284
4,058,732 11/1977 Wieder .......... .. 2507461 B

4,109,152 8/1978 Aokietal. ... .. 2507486

4,152,723 5/1979 McMahon et al. ... ... 358/106
4,250,382 2/1981 Libby .....ccccovnvnnen ... 250/302
4,395,496 7/1983 Wittmann et al. .......ccccevnenns 522/99
4,454,295 6/1984 Wittmann et al. .....ccoceeeneee. 522/99
4,508,884 4/1985 Wittmann et al. ........ccucees 522/99
4,536,654 8/1985 Vaerman ........... 250/458.1
4,599,155 7/1986 Suzukiet al. ... 522/99
4,618,566 10/1986 Guillet et al. ..... ... 526/284
4,621,193 11/1986 Von Hoye ......ccocvvrvrnircnns 250/302

4,651,011 3/1987 Orsetal. ..ccoevrrrinncnenne 250/459.1

4,684,678 8/1987 Schultz et al. ....cceeeeveenens 523/466
4,741,860 5/1988 Hartman ... 252/301.21
4,755,684 7/1988 Leiner et al. cccoccevveenennn. 250/461.1
4,922,113 5/1990 Melancon .

FOREIGN PATENT DOCUMENTS

1370783 10/1974 United Kingdom .
1422526 1/1976 United Kingdom .
2016370 9/1979 United Kingdom .
2194244 3/1988 United Kingdom .

OTHER PUBLICATIONS

Wang, F. W. et al., Polymer, (1984), 25, 690.

Loutfy, R. O., “Photophysical and Photochemical
Tools in Polymer Science: Conformation, Dynamics,
Morphology”, Boston, (1986), pp. 429-448.
Dickenson, P. et al., Polymer Preprints (1988), 29,
530-531.

Yu, W. C,, et al., Polymer Preprints (1988), 29, 532-533.
Helv. Chim. Acta (1977), 60, 1073.

J. Org. Chem. (1987), 52, 688.

Ber. (1906), 39, 3062. v

Stegemeyer, H., Ber. Bunsenges. Phys. Chem. (1968), 72,
335-340.

DesSilva et al., Analytical Chemistry, 48:1, Jan. 1976.
Radio Shack Dictionary of Electronics, Tandy, TX
(1974), pp. 632, 646.

Ferrand Optical Co., May 1957.

Thommes et al., Talanta 7, pp. 181-186 (1961).

White et al., Fluorescence Analysis, Marcell Dekker,
Inc., NY (1970), pp. 200-209.

Jones et al., IBM Technical Disclosure Bulletin, 27:4A,
Sep. 1984, p. 2202.

Primary Examiner—Roland Martin

Assistant Examiner—Susan Berman

Attorney, Agent, or Firm—Gary L. Griswold; Walter N.
Kirn; Lorraine R. Sherman

[57] ABSTRACT

A curable composition, the cure of which can be moni-
tored optically, comprises at least one of a hydride
curable silicone, an ethylenically unsaturated com-
pound, and a cationically polymerizable monomer, and
as cure monitor dibenzofulvene or derivatives thereof.
The cure monitor is a latent fluorophore which reacts
under the cure conditions to form a UV-detectable
fluorophore. :

The invention also provides a method for measuring
degree of cure of a polymeric material which can be a
coating or an article.

22 Claims, No Drawings



