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oH control in a dyeing process using CO;

Field of the Invention:
The present invention is generally related {0 a dyeing process for a textile
subsirate, and in particular, related to a dyeing process using CO; {o control

pH, especially pH of a textile substrate in the pretreatment stage.

Background of the Inventiom

A conventional textile dyeing process is generally divided into stages of
prefreatment, dveing, printing, and finishing. Pretreatment of a texiile is
performed in order o remove natural impurities and artificial impurities from
texiile fabrics and to improve the uniformity, hydrophilic characteristics, and
affinity for dye stuffs. The pretreatment stage generally includes steps of
singeing, de-sizing, scouring, bleaching, mercerizing, etc. A ot of auxiliary
agents are used in the pretreatment process. For example, the scouring and
bleaching of a textile fabric is generally carried out under alkaline conditions,
and in mercerization of a textile fabric, especially a cotion fabric, the fabric is
treated in a 20% caustic soda solution. If washing is not sufficient, residues of
the alkaline agents often remain in the texiile fabric after pretreatment. I is
known that pH has a great effect on dye uptake in the dyeing process, and it is
important to control pH in the dyeing process.

The dyeing stage of a textile is often carried out in a dyeing solution. The
dveing solution must also maintain a proper pH {0 provide accurate and
uniform shading of color.

In the prior art, acetic acid (CH3COOH) is widely utilized in different stages
of a dyeing process for pH control. However, CHyCOOH, as one kind of
organic acids, is quite expensive. Besides, CHaCOOH gives off pungent smell
is harmful for eves and skin of workers, and increases COD (chemical oxygen
demand) for the waste stream which is not easy to treat.

Therefore, there exisits a need for sesking a new cost-effective,
environmental friendly and efficient method to maintain and control pH, that
obviates the use of acelic acd in the dysing process, especially in the

pretreatment stage of the dyeing process.
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Summary of the Invention:

in one aspect, the present invention provides a method of controlling pH
of a textile substrate in pretreatment stage of a dyeing process, the method
comprising the steps of;

providing a carbonic acid solution; and

introducing the carbonic acid solution {o a dye vat containing the textile
subsirate, {0 control the pH of the textile substrate to be around neautral, for
example, 6.5-7.5.

In a further aspedct, the present invention provides a method of controlling
oH of a dyeing solution in a dyeing process, the method comprising the steps
of:

providing a carbonic acid solution;

providing a dyeing solution in a dye vat, and

adding the carbonic acid solution o the dyeing solution in the dye vat, {0
control the pH of the dyeing solution.

According to the present invention, the carbonic acid solution is prepared
by delivering carbon dioxide (C0;) gas into water in a pressurized reactor
system and mixing with water under elevated pressure. Carbon dioxide and
water form carbonic acid, which dissociates into bicarbonate and hydrogen
ions. Depending on the concentration of carbonic acid, the solution will have
different pH, which is normally expected to be 5-7, and at that pH carbonic acid
is i equilibrium with dissociated bicarbonate ions and hydrogen ions in water,

In one embodiment of the present invention, the prepared carbonic acid
solution s added o a dye vat containing pretreated textile substrate. Upon
adding the carbonic acid solution in the dve vat, the hydrogen ions in the
carbonic acid solution react with alkaline agent remained and adsorbed in the
pretreated textile subsirate, (o reduce the pH of the textile substrate.

The concentration of the carbonic acid solution can be adjusted and
determined by a skilled person in the art depending on the textile subsirate to
be treated, and is generally 0.2 to & g, preferably 0.5 10 3 g/t

In another embodiment of the present invention, the prepared carbonic
acid solution is added to a dye val containing a dyeing solution. Upon adding
the carbonic acid solution to the dyeing solution, hydrogen ion concentration

increases, thereby reducing the pH of the dyeing solution. In addition, as a
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buffering system, bicarbonate and carbonate ions can be formed in the
carbonic acid solution, and maintain the pH of the dyeing solution.

Unlike a conventional method which injects CO; gas {0 a dyeing process
through a sparger or through direct gas injection into the vat atmosphere, the
present invention employs GOz in the form of a carbonic acid solution which is
prepared separately by pre-dissolving CO; gas in water in a reactor system,
and the resulting carbonic acid solution is deliverad to the dye val via a pump.
In a preferred embodiment, CO; gas can be additionally injected into the
atmasphere in the dye vat to pressurize the dye val, maintain the pressure of
dye vat higher than atmospheric pressure but under the safely pressure of the
vat, so as to prevent CO; from vaporizing from carbonic acid solution, and thus
maintain carbonic acid concentration in the solution

By replacing CHaCOOH with CO; to control pH in the dysing process, the
present invention provides a lower operational cost and safer working
snvironment for workers.

Further, by pre-dissolving CO, info water in a pressurized reactor system
to obtain a carbonic acid solution, the present invention can achieve extremely
high levels of CO, dissolution of » 95%, and high reaction efficiency.

Without wishing to be bound by theory, the invenicor believes thal when
COz gas is directly injected into a dye vat, from the viewpoint of a dynamic
mass transfer process, CO; needs to be disscived in water {0 generale
carbonic acid, which then dissociates into hydrogen ions o react with alkal,
and in this process, the step where the gas goes across the gas-liquid
interface membrane controls the dissolution spesd and is relatively slow, so
the amount of CO; that can participate in the reaction is mainly affected by the
step of gas dissolution. In contrast, if a carbonic acid solution is prepared in
advance and added into the dye vat, the carbonic acid will directly react with
the alkali after dissociation, without involving the siow step of two-phase mass
transfer. As the reaction time in a dye vat is limited and the liquid level in a dye
vat commonly used in the art is usually as shallow as less than 1m, the level of
CO, dissolution can only be 50-70%, if CO, gas is directly injected into the dye
vat via a sparger, especially when target CO, concentration is close {o its
solubiity.

More importantly, the present invention allows the reaclor system for
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preparing a carbonic acid solution o be compatible with in-line or sidestream
modes, and suitable for internal or external instaliation, and therefore, is
adaptable to the existing different types of dyeing machines with a minimum
structure modification needed.

Textile substrates suitable to be used in the present invention can be any
knowr textiie substrate in the art. Examples of suitable textile substrate include,
but are not Iimited {o, cotfon, nylon, rayon, polyester, silk, wool, acrylic, laather,
gtc. The textile substrate {0 be employed in the presant invention is preferably
cotton.

Various types of natural and synthetlic dves can be used in the dyeing
process of the present invention. Examples of dyes inciude, but are not limited
to, acid, basic, reactive, disperse, direct, vat dyes.

The desired pH of a textile substrale after pretreatment stage is normally
around neutral.

The desired pH of a dyeing solution in the dyeing process will depend on
the type of dye and the textile substrate to be dyved. For example, the desired
oH of a dyeing solution for a polyester substrate is 5.5-6, for a nylon substrate

is 6-6.5, and for a cotion substrate 18 6.5-7.

Brief Description of the Drawing
Fig. 1 is a schematic drawing of a pretreatment stage of a dyeing process
using CO» to control pH of cotton cloth according to an embodiment of the

presant invention.

Detailed Description of the Preferred Embodiment

The present invention is further illustrated by the following examples, but
is not limiled to the scope thereof. Any experimental methods with no
conditions specified in the following examples are selecied according {o the
conventional method and conditions, or product or device specifications.
Example 1;

The dyeing process took place in an overflow dyeing machine.

A carbonic acid solution was prepared in a pressurized reactor system
{(SOLVOCARB® reactor available from Linde GmbH).

SOLVOCARB® reactor is a pressurized reactor which can dissolve C0O;
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gffectively into water by mixing CQO; gas and water under pressurized
conditions. Dye vats having a lot of different formats can be employed in the
present invention, and in this Example, a typical overflow dyeing machineg, in
which the dyeing solution is pumped from the bottom of the vai, then goes
through an external heat exchanger and sprays onto the cloth in the dyeing vat
again from the top nozzles, was used.

Fig. 1 shows a pretreatment process using carbonic acid solution {o
control the pH of cotton cloth.

As shown in Fig. 1, CO: gas was delivered into SOLWVOCARB® reactor 1,
and mixed with water under elevated pressure of 1 barg, to oblain 1 ¢/
carbonic acid solution.

Iin dye vat 2 of the overflow dyeing machine, cotton cloth was mixed with 2
g/t NaQOH solution. The solution was heated to 88°C and maintained at this
temperature for 60 min. Then the solution was removed and fresh water was
added to the cloth, heated to 80°C and maintained at this temperature for 10
min. Then water was removed and 1 g/l carbonic acid solution as prepared
above was added via a pump {which was not shown here), and washed the
cloth for 10min. Then the solution was removed and fresh water was again
added {o the cloth, and washed for 10min. Finally water was removed and
cloth was dried. After all these processing steps, the final pH of cloth was
8.5~7.5 and the cloth was ready for the next dyeing stage.

This exampie shows that carbonic acid solution can be used {o effectively
adjust the pH of a textile substrate in the pretreatment stage of a dyeing
process, o achieve comparable technical effect with conventionally used
acetic acid solution.

Further, CO, utilization efficiency was evaluated on a {ab scale simulating
the condition that CO» was directly injected and diffused into water in a dye vat.
The result was shown in the following Figure. The CO, utilization efficiency
was determined by employing a first method of measuring the volume of CO;
gas escaped from water level and a second method of measuring the rising
spaed of CO; gas bubble in water and calculating in a model, and then taking

an average of the values oblainad from the first and second methods.
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CO; utilization efficiency {if CO, gas directly diffuses into water}

o
Q5

p—
X o
LN s\m} ‘ - =
1) MRS E " e N ™
® : ¥ S )
S . -
c Sh
.8 :
- k S o

) W o
S &5 e
e 3 L
@] A

TG S & . : :
Q7 4.8 R 3 1.3 2

Water depth (m)

;.;2

e 83 3008 TRTY
o $F GiVETH Y
=g &

e G BT NY
C et

From the above Figure, it can be seen that CQO; utilization rate is
significantly affected by water depth. Considering the fact that water depth

commaonly used in the art is usually as shallow as <0.8m, at neutral pH CG;

utilization rate would expect to be less than 70%, which is much less than CG;
utilization efficiency of >85% for CO; pressurized vessel (SOLVOCARB®

Reactor),.

The invention has been described herein in considerable detall in order o

provide those skilied in the art with the information needed {o construct and

use embodiments of the invention as required. However, it is 1o be understood

that various modifications can be accomplished without departing from the

scope of the invention itself.
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What is claimed is:
1. A process for dyeing a textile substrate, comprising in the pretreatment
stage of the process, the steps of

providing a carbonic acid solution;

introducing the carbonic acid solution to a dye vat containing the textile

substrate, to control the pH of the textile substrate ¢ be around neutral.

2. The process for dyeing a textile substrate according o claim 1, wherein the

carbonic acid solution is prepared in a pressurized reactor system.

3. The process for dyeing a textile subsirate according to claim 1 or 2, further
comprising the step of introducing additional CO; inio the dye vat atmosphere

to maintain carbonic acid concentration in the solution.

4. The process for dyeing a textile subsirate according o any one of claims 1

to 3, wherein the carbonic acid solution has a concentration of 8.2-5 g/l

5. The process for dyeing a textile subsirate according o any one of claims 1
to 4, wherein the textile substrate is selected from the group comprising cotfon,

nylon, ravon, polyesier, silk, wool, acrylic, and leather.

6. A praocess for dysing a textile subsirate, comprising the steps of:
providing a carbonic acid solution;
providing a dysing solution in a dye vat;
adding the carbonic acid solution 1o the dyeing solution in the dye vat, o

control the pH of the dyeing solution.

7. The process for dyeing a textile substrate according io claim 8, wherein the

carbonic acid solution is prepared in a pressurized reactor system.



WO 2023/155129 PCT/CN2022/076820

Setee

% solutinn vaciroulation
3

Resetne |

panet |

N
3

i

3

3

3

3

3

‘onedaed §
Lonte
3

3

3

3

3

3

3

3

3

3

3

11



INTERNATIONAL SEARCH REPORT

International application No

PCT/CN2022/076820

A. CLASSIFICATION OF SUBJECT MATTER
INV. DO6P1/653 DO6P1/00 DO6P1/673 DO6P5/20

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
DO6P

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 4 536 907 A (ZUMBRUNN JEAN-PIERRE [FR] 1-5

ET AL) 27 August 1985 (1985-08-27)
Y column 1, lines 5-10 6,7

column lines 25-45

2!
column 3, lines 9-52
column 4, lines 1-9,35-61
column 5, line 5 - column 7, line 51;
claims 10,22
X CN 107 780 239 A (HUZHOU NANXUN JINBAOJI 6,7
TEXTILE CO LTD) 9 March 2018 (2018-03-09)
paragraph [0006]; examples 1-3
Y US 5 295 998 A (MERRITELLO RONALD J [US] 6,7
ET AL) 22 March 1994 (1994-03-22)
column 1, lines 5-10
column 4, lines 3-44
column 5, lines 20-21,42-54; claim 1;
examples 1-6

I:‘ Further documents are listed in the continuation of Box C. ‘z‘ See patent family annex.

* Special categories of cited documents : ) ) ) - o
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X document of particular relevance;; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
9 August 2022 22/08/2022
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Menard, Claire

Form PCT/ASA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/CN2022/076820
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 4536907 A 27-08-1985 AT 21947 T 15-09-1986
AU 555376 B2 18-09-1986
ca 1195052 A 15-10-1985
EP 0112744 A2 04-07-1984
ES 8406600 Al 01-08-1984
FR 2536769 Al 01-06-1984
JP HO0377303 B2 10-12-1991
JP S$59112066 A 28-06-1984
Us 4536907 A 27-08-1985
ZA 838751 B 25-07-1984

CN 107780239 A 09-03-2018 NONE

US 5295998 A 22-03-1994 AU 5588694 A 29-08-1994
ca 2103983 Al 03-08-199%94
ES 2107359 Al 16-11-1997
TR 28218 A 21-03-1996
Us 5295998 A 22-03-1994
WO 9418380 Al 18-08-199%4

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - claims
	Page 9 - drawings
	Page 10 - wo-search-report
	Page 11 - wo-search-report

