US006048369A

United States Patent [ (1] Patent Number: 6,048,369
Smith et al. [45] Date of Patent: Apr. 11, 2000
[54] METHOD OF DYEING HYDROPHOBIC 5,233,021 8/1993 Sikorski .c.cccceceveeevcneeerenunncnne 528/491
TEXTILE FIBERS WITH COLORANT 5,233,072 8/1993 Kricsfalussy . 558/277
MATERIALS IN SUPERCRITICAL FLUID 5,236,602  8/1993 JaCKSON ..cccovvveververueerurrvevennens 210/748
CARBON DIOXIDE (List continued on next page.)
[75] Inventors: Carl Brent Smith, Raleigh; Gerardo FOREIGN PATENT DOCUMENTS
A. Montero, Garner; Walter A. 474598 3/1992 E Pat. Off DOGP 3/54
: . uropean rat. v eereeeeens
Hendrix, Raleigh, all of N.C. 474599 3/1992 European Pat. Off. ...... DOGP 3/54
. . . . . 47 46 00 3/1992 European Pat. Off. ......... DO6P 3/54
[73] Assignee: North Carolina State University, 541337 11/1992 Furopean Pat. Off. ......... DOGP 3/54
Releigh, N.C. 3004 513 8/1990 GEIMANY oorsrssrsresr A6IL 2/16
[21] Appl. No.: 09/162,817 (List continued on next page.)
[22] Filed:  Sep. 29, 1998 OTHER PUBLICATIONS
Related U.S. Application Data Archwal, “Dyeing in Supercritical Carbon Dioxide: Quan-
tum Jump from Ecological Point of View”, Colourage, Dec.
[63] Continuation-in-part of application No. 09/089,639, Jun. 3, 1993, pp. 23-25.
1998, abandoned. Atkins, Physical Chemistry fifth edition, 1994, New York:
[51] Tnte CL7 oo DOGP 1/00; DOGP 5/00 V- Freeman and Company, pp. 43-44.
[52] U.S. Cl. ...................................................... 8/475, 8/922 (LlSt Continued on next page.)
[58] Field of Search ........ccccoovenvenevcncnnne 8/475, 922
Primary Examiner—Margaret Einsmann
[56] References Cited Attorney, Agent, or Firm—Jenkins & Wilson, PA.
U.S. PATENT DOCUMENTS [57] ABSTRACT
3,987,138 10/1976 Hege s 264/117 Processes for dyeing a hydrophobic textile fiber with a
4,012,194 3/1977 Maffei oo 8/142 colorant material using a SCF—CO,, dyebath are described.
4,464,172 8/1984 Lichtenstein w.......cceeoceovoveee. 604/ 25 One process employs cooling, without venting or removing
4,478,720 10/1984 Perr%lt e ... 210/659 CO, from the system, to a target CO, temperature at or
4,502,488  3/1985 Degironimo et al 128/692 2 .. 2 .
4806171 2 /1989 Whitlocke et al ’ T 47 below the glass transition temperature of the hydrophobic
4923720 5/1990 Lee et al. ... a7 fiber, followed by the venting of the dyeing system to
4925444  5/1990 Orkin et al. woooeeeoeeccrreerrreeereee 604/80  atmospheric pressure. The other process employs venting,
4,943,403  7/1990 Miyashita et al. .. 264/233 without cooling, to a target CO, density where dye is no
5,027,742 7/1991 Lee et al. ......... . 118/330 longer soluble in the SCF—CO,, followed by cooling to a
5,105,843 471992 Condron et al. wooovervvsvvsrcsrcsrsss 137/13 target temperature and then venting to atmospheric pressure.
5,169,433 12/1992 Lindsey et al. woooovvivevvviivisnsnnns. 71/118 Optionally, the temperature of the dyeing process is estab-
5,171,613 12/1992 Boket al. ... - 427/422 lished by heating the process according to a selected tem-
5,198,197 3/1993 Clay et al. ........ .. 422/256 erature profile
5199956  4/1993 Schlenker et al. w....oooovoosooeroooer. 8473 P profie.
5,203,843  4/1993 Hoy etal. ... . 239/135
5,212,229 5/1993 Taylor et al. ....ocovviinviniinnnen, 524/556 49 Claims, 7 Drawing Sheets
SOLUBILITY BEHAVIOR OF DYES IN SUPERCRITICAL CO2
A Ty
]
g
g
g
=)
g B

PRESSURE, CO»



