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Report Tile Study of Dyeing Polymers Using Supercritical Carbon

Dioxide
By Mr. Tithipol Pattanavasin

Mr. Siripan  Ruangmaneechatchawan
Senior Project Advisor Dr. Surat Areerat
Report for Bachelor’s Degree of Chemical Engineering

Department of Chemical Engineering
Faculty of Engineering
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ABSTRACT

This senior project proposes a study of dyeing polypropylene (PP) and
polyethylene terephthalate (PET) by dyeing stuff called “Violet 23 , using
supercritical carbon dioxide as a dyeing medium. The study aims to provide a
preliminary data to develop current polymer dyeing process. In general the effect of
pressure on the polymer dyeing process using supercritical carbon dioxide can
describe by the dual mode sorption model.

This experiment is a batch dyeing process of PP and PET in high pressure
reactor which a constant temperature at 100 °C and pressure within the range of 7-28
MPa at given sorption time 4 hours per batch. Samples of PP and PET which stain to
be violet has been extract to determine amount of dyeing stuff by using reflux process
at operating temperature 45 °C for 10 hours. After that we can measure an absorbance
of Violet 23 in dichloromethane selution using UV-Vis. Spectrophotometer. Amount
of Violet 23 that can be measured which use to represent a dyeing solubility of
polymer sample in unit of gram dye per gram polymer (g pye / & potymer)-

From experimental data , we could found that solubility data of PP and PET
are increase when operating pressure increase. The solubility data of PP is in the
range of 10 gram dye in polymer and 10 for PET. From the calculation , the dual
mode sorption model could provide useful description for dyeing of polymer , as well
as the estimation of the solubility data of Violet 23 in polymer sample appropriately.
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A=a+— 2.2
a 7 (2.2)

r

4 o 1 P - = oar P R =
31 @ oy b dluminadl waz 7 Aogamgiiduysel Falesiwaumsi (2.1) uaz

2.2) v2 18 luaunissu ail [6] fin

ln(yP/ij )-—- a+—;;+C(p-pmf) (2.3)

Tnoluduneuusniiuszinmswienss In{yP/P,, ) fiu manwmuuniv ozldns
Suduaselas1d3301500008 (Least regression) ifiovi1 4 uay C muaunisi (2.1) Haves
mswdeans oz dihudunsfifimmduniiy dwes € erldnnanuduroaduns i
asef BImihamA e dvvssudasesilazney

fmswieanimssnane 4 uaz YT veawazesmlsznenIdwmiluiduase Favz
vieh @ waz b Wrawsuvesnsmluazyeadaiuny y el @ 5 oy C e
G ldmmsazmedasaunsi 2.3) ety i llaBeufsuiudeyamsnanesyh

ADARNADIN



14

MIN 2.4 71 g b uaz C Aldnmsanan [6]

Solubility constants «. b, and C and the estimated AH.,,, values
and AARDY obtained from the data correlation procedure

Dyve « bh (K} C AL AARD%
(kg™'m?) (k) mol™"

Dy 16.23  —~7820.1 0.010 65 6.36—17.08

D, 19.86  —8489.3 0.012 71 5.97—16.03

D, 1415 75297 0.0082 63 13.05-2545

2.3.2 Dye uptake 412z Partition ratio Y99008HU1ATHATENIY WoAlORAM INDLISH-
[ < - o
nian saznsuen Tavenlydmueingm
¥
Tuauddeil [7] szdhimsdnuial mainautaddon (Dye uptake) A BATIAIUMST

LIAILBN (Partition ratio) Ngamn)luazANUAUM Wemaanazhmuzay lasldddon 3

b

¥ilafo Disperse blue 79 Disperse orange 3 UIQ¥ Solvent brown 1 naziInInanen QU

au

353.2 - 393.2 @9AUAEIU ADIUAY 180 - 240 175

M3 2.5 WANIINITNARBINTTLIUMTHOURWTHTDN Disperse orange 3 [7]

Dye uptakes and partition coefficient of Disperse orange 3

T (K) P{bary  Dvye uptake m Dye solubility Partition

the polvmer in the fuid coeffictent X
(g/g x 10%) (gig % 10%)
35832 160 17.9 O 2000
180 1R.4 I8 1000
200 18.5 28 660
220 18.5 46 400
240 18.5 54 340
373.2 160 252 g 3200
180 253 17 1300
200 25.1 33 760
220 253 53 480
240 24.7 77 320
393.2 160 26.2 0 2900
180 3.8 I8 1700
200 30.5 27 1100
220 30.6 60 510

240 30.1 96 310
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M31N 2.6 HANITNANDINTZVINNTHDUAWFEDY Disperse blue 79 [7]

Dye uptakes and partition coeflficients of Disperse blue 79

T (KD P (bar) Dyve uptake in BExye solubility Partition
the polymer in the fluid coefficient K
(g/g < 10%) (g/g = 10%)
3532 180 33 & 1200
200 11.0 25 440
220 13.6 53 230
240 14.3 103 130
3732 180 323 3 4100
200 351 20 1800
220 36.4 48 760
240 36.4 129 280
393.2 180 522 8 6700
200 52.3 21 2500
220 53.1 51 1000
240 53.6 66 820

MmN 2.7 HamsneanenszuIumsioudeddou Solvent brown 1 [7]

Dye uptakes and partition coeflicients of Solvent brown 1

T'(K) P (bar) Dye uptake in Dye solubility Parnhon
the polymer in the fluid coefficient K
(g/g x 10%) (e/g x 10%)
353.2 140 20.3 — —
160 22.6 — —
180 24.9 — —
200 26.2 17 1600
220 260.2 27 G0
240 26.2 41 G40
373.2 140 30.0 — —
160 32.8 — —
180 357 8 4600
200 37.0 15 2500
220 37.9 27 1400
240 38.8 43 g90
393.2 140 294 — -
160 37.2 — —
180 45.1 — —
200 454 — -
220 40.1 23 2000
240 46.8 34 1100
1 o ooaa 4 = -
NN TINUAAINANTITNARDY WUIAT Dye uptake HUILUA AN ﬂaquﬂﬂqm'ﬁgu

]
E

-d d‘. |dy ar J s ] = d‘i r:' o’ Q4 o I
nile Tasfiez lyndvmanudn uazlunaazemngll domuanuduiy azd1ldaims
¥ ' ¥ . - . 2
azmﬂuumnmﬂﬁu Tmmmanﬂz:a‘nﬁmmmuﬂﬂ (Partition coefficient , K ) UHEAIWITOH

¥
Tdneunisds il [7]
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1 o 353.K (this work)
200+ 5
320 - * C 373.K (this work)
og00] & A 393K (this work)
1 m 368.K{16]
— 2400, ® 378.K[18]
z _ A 388.K{16]
3 2000 o
2 l
& A om
2 1600 -
bt J . -
S 1200+
.1;; J A 3
R
400 - .
A e
A
0 H T T T T 1

T i ¥ T T
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31l 24 s uaan RS I ienuMuniusesiansveu laeen Teduaza

Partition coefficient [7]

o Y11 P = 3 A ] oY
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2.4 auMINFlumMsmuIn

2.4.1 Pitzer Correlations for The Compressibility Factor [8]

anuduRutunem z musnoiune lddsaunsdeasliil (8]

we  Z'uazz' A
F=}

T, Ao

F=1

P Ao

0 fin

z=2"+ 7'

Haguvea T, uazy P,
S o
QU U A
@ et o
AUATAIE

= a R
A NUHNIPDT (Acentric factor)

1 £y
Taeal Z Huamnsoeiuie 14 laoaunis [8]

e P Ao
P |

v Ao
-~

R Ao
F= |

Ao

geuH

Z=Pv /RT

anuaunlFlumineans (WsseIMA)

& ] &Y =, T
UTasae Tuavesfa (@nuirdaidussde Tua)
AAINUBINIY (0.08206 dm’. atm / mol . K)

ainl¥luninaans e
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(2.5)

(2.6

v o o yo o 1 ] | a o a
mﬂmmmjwuﬁﬁmiﬁmmmmm"lﬂmmmmwumuuﬁmm-ﬂuﬂmmmﬂu

Taeraneuns [8]

P

e  p Ao
r=s

m fAD

r=s
v D

m
p==
v

' o 1 & o
ANURU ML UYDINY (NTUADYNVIANLBUAINAT)
o w F
W Tuonavpas (NTuao ua)

= T ¥ & o 1
Suasao luauasmes (gRUIAITAINATAB TuD)
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.1

RT

pv

Legend

' & o Ethylene @ n-Heplane

0 s Ethane & Nitrogen

4 ' ' ® Propane = Catbon dioxide

9 ! e C #-Butane  ® Water

0.3 |- 2 Tg= l. A B S - Average curve based on
! o : ‘ data on hydrocarbons

0.2 &

0.1

¢ 035 10 15 20 23 30 35 40 45 50 55 60 65 70
Reduced pressure py

]
A =

1 . oY ] as 1
U 2.5 Compressibility chart Y04 1A 19 NDMHATLAZANUAUA1 (8]

) =5
2.4.2 11IUDABIMFYATFUUUVLABINTG (Dual Mode Sorption Model}
= g ar a; o 9/ =2
Tunszuumsmsgadudmivluniditl  szwnsanlasldna lnvesmsgaamuyy
1 =3 =] 4 o vog A = o 3
a9an1e na1Ae mmasueulaaon ladvzgnunsidn I Tuaioslfnsel thliazaiouaze

[y

g
] 5 Y o o'l =5 3 :ay ~ o' v
Tuaugaduddeunou nniumamsuou laeen lyavan#douingsunofues laensuns
3 ' w o a oy - o & Y ANy e 4w
W llazans uazogluaugadudunuwedues luiga Tudemsteud ldideiuuds Taolu
3 e J g = = =~ o =
TEMNANTEUIUMINDATUTH vzifanmigeadudoaiuy A Tuiuuusn swilumigady
= é ) c:' :; - =4 v
awilnd Fenihu e wnguoasus (Henry's Law) 4agiuufiaes 92nan1i9aduizniNg
I [ a { d . 4 o ] = 3
pazgoriumoely  luszduifnunng  (Microvoid)  uazdimihAimIgasuiagouin
1 k2
o eJ [ o ] =
sauiu Aez ldllusmsazatovauavesddon suaumaan 11 {9]
C.bp

C=C,+C,, = 42 {2.8)
D b pP 1+bp
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= r=s 1
we O A MMTAZOW (&, / Epoymer)
A ' = =
ky  AD MATINITAZAIMUNQUDNEIUT (g, / Epoyyree MP2)
b Ao fimaﬁﬂmagﬂimtiwﬁ"m (Hole affinity constant) (MPa™)
D fn AINNUAY (MPa)

ﬁ"lﬂ&ﬁ‘llﬂﬁgcﬁﬂﬂ'j‘mailﬁ? (Hole saturated constant) (g, ./ Beoiymer)

P!
Bh
=]

r =4 = ] r
B AIMIgATNILLnAvsIr IR SN nsz e 1A (€nye / Zpotymer)

‘-4}
o
o)

=] ' =4 ' 1 o . .
19 mmﬁﬂﬂwmﬂ"lugﬂjmmwmmanmﬂq (Microvoid) (gp,, / Epotymer)

¥
=

driinnududin (bp << 1) mansnaagilaunsi 2.8) 18 (9]

C=[k, +C.,b]p (2.9)

A A A o A T 1 o o S e w oA
LA aTUIA NUAUNTINTN (bp >> 1) ‘HBQ'J'Nﬂ']UGlHW@mlJEI'i 12N IINANYA

)
]
=

A C,; amnsoangllaunisd (2.8) Taqsii [9]

C=k,p+C, (2.10)
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1. infenlfnsalnnuduge
FC Sernies Reaction Vessel
HP 1/2 RPM : 1725
Pressure Products Industries , Inc.
Reliability Under Pressure
MAWP (BODY) 4800 PSI @ 1000 °r
HYDRO (BODY) 7750 PSI (@ Amb. Temperature
MAWP (JACKET) N/A
Year Built 1995
2. wsesanias T Tafines
JENWAY LTD., FELSTED , DUNMOW | ESSEX ,CM 6 3LB
Maodel 6405 UV/Vis Spectrophotometer
Serial No. 1177
Voltage 230V - 1.6 A(T), 115V -32 A(T)
Power 200 VA
Frequency 50/60 Hz
3. ’ﬁuﬁﬂmmﬁuqa
Isco D Series Syringe Pumps
Isco SFX 2-10 System
SFX 220 Extractors
Model 1000 DM, 100 DX , 260 D, 500 D
4. whosduiminsdnnseiing
DRAGON 204 METTLER TOLEDO
NO. 200500396
ITEM 12106615
Power Requirements 8-14.5 V ~ 50/60 Hz

6VAof9.5-20V 6 W
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5. gATdan
Electromantle
Cat No. EMO500/C MKS5
Volts 230 V 50/60 Hz

Watts 200 W Fuse F 1.25 A
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