h)

Ninstyof cience, Reseachand Techndlogy Journal of Studies on Color World, 12, 2(2022), 191- 208

Institute for Color
Science & Technology

// -. ¢
\-l-F"t.‘-‘ :L’__ 3 -J:-F’LF'I:-'-‘-"
'

Auvailable online @ www.jscw.icrc.ac.ir e e e

Article type: Research article
Open access

Dispersibility Promotion of the Carbon Black Pigments and Optimization
of the Process Via Response Surface Methodology (RSM)

Majid Mazhar”, Ali Reza Amani-Ghadim, Farid Naderi-Baher, Ahmad Pourhosein
Chemistry Department, Faculty of Basic Science, Azarbaijan Shahid Madani University, P. O. Code: 5375171379,

Tabriz, Iran.

ARTICLE INFO

Article history:

Received: 01-09-2022
Accepted:11-10-2022
Available online: 16-10-2022
Print ISSN: 2251-7278
Online ISSN: 2383-2223

DOR: 20.1001.1.22517278.1401.12.2.6.3

ABSTRACT

Keywords:

Carbon Black
Surface modification
Pigment
Diazotization
Dispersion
Sulfanilic acid

One of the main problems of the paint and ink industry is the dispersion of carbon
black in water-based media. Surface modification of the particles was used as an
effective method to overcome the problem. Diazotized sulfanilic acid was used to
modify the carbon black surface as the modifier. Due to the diversity of effective
parameters and vast levels, the RSM method was used to find a suitable range of the
parameters (temperature, modifier amount, ultrasonic time, and pH) at 5 levels. The
properties of the modified pigment were analyzed by DLS, TGA/DTG, and FT-IR.
Also, the accuracy of the modification was confirmed. Optimum conditions for
modification were pH = 3.66, temperatures around 25 °C, ultrasonic time of 30
minutes, and 6.25 mmol of the modifier. The optimally modified sample showed very
high dispersion stability, so this sample has remained dispersed and stable for more
than 8 months without any precipitation.
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Figure 1: Modification of carbon black pigments via polymeric materials: a) physical interaction of the modifier b) chemically
bonded modifier [8].
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Table 1: Real and coded values of independent variables used in the
design of experiments.
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Table 2: Test conditions proposed by CCD to optimize and model carbon black surface modification processes.
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Figure 2: The surface modification mechanism of carbon black particles.
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Figure 3: FTIR spectrum of raw carbon black and modified samples (4-14-17-21-22).
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Figure 4: TGA/DTG analysis of raw carbon black.
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Figure 5: TGA/DTG analysis of modified samples (17 and 22) as representative samples.
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Figure 6: DLS and zeta potential of unmodified carbon black and modified samples (2 and 17).

oS olyd 6l by el oF) UKo gollas .l assl, ialS
51..%4..3943 6‘)—.’ Ll 00l uu)\)f -Y/-# mv ‘C)La‘ 9 olew
SFYmv g -Yoa mv s an L sty (VYD) g (Y) oais ol

ol ygam ol S lyd iy ool Llasl 5yl tas
5 (V) caipdsl slodises ;o .0l oo (FY- £ 0 nM) s50-
(VFPEY-nmm) g (YPY £ nm) as s 5 4 old ple (V)

AN-PeA P (E) Y /55 s ) ilalloe (el &g s



-\

T Sz )3 oluw SIS ) 5 igubyy yia Ui )l / Yl)lKed 9 SShol )3 puddo Suzo

Minitab |58l 5 lawgs 45) ANOVA ;| alol> zuls a5 0y
‘(F u?—")b i GL“’M u?‘) e jlaz Lpgs axyo J“""
eizmed o R? (Adj) 3 R? Col o (LOF) Jow <83 olims (yg05]
oad olpiing Joawe 0.8 )5 S8 b5l o 50 Woasilendl 5T
)l Js‘ )Ja_w) J..\_A U?“_“")f) Lg‘)—’ 09— wl?bo ‘5:).7U F )l..\.a.n
o ;o (YIYOY) ol S slaie 51585 e (V Jgo
Lyv] el Joe 509 )lo e duge aS Wil g0 2oy A0 liebsl
Olimebl zdaw ;) /40 5l F S5 o8 0 abbgs 0 P jlade puizen
O3] Jome B g (39 Jla g bl e (som lene

ousle  Bb amslio wlwly (yg03 cpl adb oo (L3l pasc) LOF
50 39 o Cyre Lo iales] 1SS 5l el Caway 3llae slas L
A0 (0) 65— po ol jo Jlge pl i S JL_>

! Analysis of variance
2 Fishers variance ratio test

(V) eoipdol (gabiges jo (o b oyl sl lae .oil oo
3 e, Craizean g ol 2ol (300 ol ()5 5l T
Ol a8 Sl adly (2l 3 (V) (saiges 4 Carad (1Y) (siges
Sl an saidol slaaises (FuiSTy s luly Sial3dl saias

el Lol g obows )8 4 S (Sesling 2SI andls

O30 cyri (619 RSM Jhg,y 3l oolasw! b Joo dzawgi —F-Y
olw (3255 zedaw 5ol Wi T 48 51 soliiw! b Cuoglite
@S Gl sekiie 4 ped a2 )0 Glalez iz by 4y, Joe )
Joe o oolazwl ol 8 (g5lw Jaw g CCD £,k 5l Jool> oy
ol oa 5,155 Y alal) 50 sael e

Y=3.93+3.01pH - 0.56t - 0.47T — 0.27[Diazo] + 1.45 pH? +

0.9t% +0.23T2 +0.23[Diazo?] — 0.6(pHxt) — 0.46(pHxT) -
0.9(pHx [Diazo]) — 0.11(txT) + 0.05(tx [Diazo]) — 0.013(Tx

[Diazo]) o)

03— A_ﬂ)‘ Y Jj..\_? 5 LCAASLE.A @70 g 0l oy c:l.u

ol eaBs e ciomed g Jde (40 S simn g Coonl Hlade .ol
\

Ll ANOVA) il ly Jdod vy gl (i 5o

RSM Lags oad sl sl b)) e (ibly Jelos ¥ Jgur
Table 3: Variance analysis to evaluate the RSM proposed models.

&o
Model V¥
pH-A \ —<efeee
Time-B \ o[+ \A
T-C \ =YY
Diazo-D \ EAAYN
AB \ o/« FA
AC \ <[+Y04
AD \ SO
BC \ < [PYYY
BD \ NG Y
CD \ NINAYS
A? \ <ol
B? \ <ofooo
c? \ <[+ A0V
D? \ <NYAA
oails L V0 -
ooilp pas ). «[+AYQ
s (slla> 0 -
Egoo ya -

Goledin Jowo 25, o ANOVA cond gl

I T T TR

TYIvY Y¥/ov \RAVALd
AARIAYA YY-«/oY YYe/oY
\h7ARg YR Al D
774 Y.0 (AR
YIoY V/AA V/AA
ARVANS ZINY ZINY
AR Y/AA Y/AA
Y¥IVO \Y/IAA AARZA
AN AN} N¥
<[+ YA <[ \F o[- \F
<[+YA o[NF o[e\F
V-q/va AV AV
Ya/f0 YYNY YY/NN
YIN# \IVY VIVY
Y/fY \IY? \IYE
= N4 AT
AN </V¥ AR
= ol Wie )
- - YOV/AY

V-FA ¥ DY /S5 sl 5 wslallias eke &gy



et B uxe )3 ol (3335 LA S5 Jigub yiasts Wil / YKo 9 Khol )3 o Suzo

obey ygdome g (PHXDIAZO) S oo p (yuizred (Po=/V0NVY) )l
A Jde 5 oed 56 s 5

Foo Jolge amglio g gl 419) sl logod Julows ~¥-F-¥
4 o Jome il e (o G 5l Q] g Jow (Sb5)) 5T o
oles 5 eaiiSedlal jlade (uiSly slod PH Jalse fl o)
9 ol (25 SloadlaSs) (s Dol Gl 59, 5 gl
2959 Jlge S1A JSb 05l o sy Mol ol pid azes

w3 oo plis il ladys) o 1,

ainT 5 1S 50 gl yd oyl ko g pH i 1-Y—F-¥
olams 3255 s 23U

gob o 1) Dol plej S g PH 36 @ cond) 1SS0
0d S PMal Jlaie 5 (0,5 il az 0 YY) los i (635 1o
e e 5Lt | ol () s Lol an T8 o (7/Y0 mmol)
4 ol Ll,5 I PH (531 w0gd oo osalin o5 jshiles
2 boe SIPH Rl b (Jg cosl 057 Cuglie Dl poss s
azmd o 0ol oo Glalidl Cnglie Slyesd ol (65 e
ol gz (3 5 ol GlaPH oS vg03 bl olgs oo
WS e Jes 3k GLPH I b ol (52,5 4SS, o
S b ST 50 S )00 (5 5 b el (oo el cl Lo
AL pogas 4 (55l slabH 5o ez ol bL3 )| 5o pdsl g0
s 00,5 adom 53lsn Jale @ il oo S0 (352 )+ )
ol 5 A5 35,5 oS5 Sligsl 59 s J5Sge iz S5
33 0lmgn Jlgds sbow 25 b 1) g3l (0 Sod 2iSTg e 90
Slo g o 5560 09,5 (535 p e Sl JBo palS el aes
e Caelie ke a5 s 83 e o S ip 5
OOl e 4885 YO dg0> Dgal )8 loy 9 T ogas pH o Y o

s 2ol wigT )3 5 55 Los 9 pH SG —F Y- F-¥

ol (225
gl o Les g pH 1306 muly 4y (oo (B cond) & S
(P1Y0 mmol) oosSPdlal Jlaio o (V¢ MiN) Ggol 3 ey 555 10
wings 03l (LS 55 g5,k o gl a5 jshailen ams oo (Lt
20 3,08 ol ()5l Mol a3 ST 5o lime 56 pH
11 b ol 35t SLS bl i ol il 3, Jogad
29 Seglie (e g5 Il 4y 25 Ll 51 pH
e S5 8 i 5o o] o a5 WS e oy Gl ez i 8
oymams PH 6510l 4y Caoglie g9, Lo Sl yenis il a5 > 4o

P ke Ly 5 bl (Sl F ;558 a5 F e 1
50 il (ae 0 A0 lowebl s j0) <120 sae 555 abgs o
5 ol ol Gulal o ail oo jlo cime (golpiion Jow cdl> ()
5SS aS 00 YIFO L il 2,25 F o laas ANOVA 3 LI
Al e 20,0 D liedsl o (0§08 i o] Slou jlade
Jo—s K0 Ol 4 il o0 LOF (jogs jlo cme Sl ases oyl
a8 S b o cewlin Jge slo,giS g 00g B slap s slle
LOF a3l P Jlaie ¥ Jgaz ;o ol &3l gl Lulusl  ailoads
o=l Gl oo a3l sl Jow ol by il oo o/ AYR Ll
e S wlio CBo 3l Jow g 004 S o LOF Wil
ety 4 R (A]) 5 R (et o il o0 410,55 s
3 =50 R polbe cmlie bl . diog < /AOYA ¢ -/AYEY Ll
ibioe Joo (Gt (Omlio 9o Ygaxo doy0 A
g o (b (bl 1o (6l (028 Cuoglie ol anylie
Slade as ol las (F JSs) o Jawgd ool cm o polie
LN 7N S N TSR gPl SN IS L S OOV ST
i 9 5278 lrosls Canlie ey oaims ylid a5 wbl o0
AL ol Bb Judow ol (S5 slo L 1 0gde el 00l
B Dj0 4 Wl oa (o0d (G 5 (275 gl o
So ol Jome ;51 0t Joo (S5l 2Uls 5l s )le
ey a8 5l Laoasle Bl anly il cewlio 00isS cw i
S Olsme L logos as Minitab 1581 5 55 lawgy oS o
Lot lagad ds 52 45 3303 o) (f5in Lrouile (L (slaf5
oy aase 5l Leoasle 3L ST.auS o @) ) SLuss eunlio
L SO LS b @)Y S j0 09590 bl aled cons
Goloo Looailo Bl 3 90 55 Jloy @3s8 51 eizras dipay Cul,
99 ;8 Bolai Oy ay ol (@ 50) Y sla IS o bl wil
bz )b SO 0 ashl et waidl oad iy yao s Gk
il aily Joled ols Jlade Coow 4y by g 0iiS oy mess
ot g5 Jloys ol s ol 3l o IS5 ¢ bl ol L

9l Julowi —V-F-Y
8 eolul 050 Sge ol (sl Sz wlgS oo 5 Yas)Li. Jeles
o U 0oy dslore Gosb 3l el 5 6 sy ol 5 9,5
Jol> ol IVAL 05,5 o Crmats 00y (ot Goly j0 &)l
2 Jeol ol ollp cal oo @l A IS 50 95,0 Juloo
2 Soe Jale oo yage PH ol ()5 )3 o ol a8
Iy 536 o s PH jgdzee PH 5l ams .(Pi= 78F/8) ol oo o],

! Correlation Pareto coefficient
2 pareto

AN-PeA P (E) Y /55 s ) ilalloe (el &g s

V.

‘.l



Y-y

T S buzo )3 oluw SAIIITS ) S Jiguby yiaks L )l / Yl )Ked 9 SShel )3 uddo Juzxo

Normal Plot of Residuals

20
(b) Color paints by value of
(a) w | I15 9
B 1=}
o - 29
15 3
g s 0 g
= = B
o 2 nd &
ki , & ot
fes) 50 o
k=T ® ) &
b > = 0 o
ol [a s} I 20 3 Ifi.
o s
=z 10 2 o
o° = "
5 © =
(_;WSF y =0.9763x+ 0.147 14
& R?=0.9761
T T T T T
0 228 421 0.14 0% 200
4] 5 10 15 20
Actual R (kQ) Internally Studentized Residuals
Residuals vs. Run _ Residuals vs. Predicted
2.00 S?Icrpomls byvalue of 300 Cglm points by value of
(C) I 152 (d) 15.9
§ 29 2 o I2 9
S 150 2 180 -
@ w =]
& 2 3 e
R RIN : 3
~ [ L}
= R 5]
[ X = e
3 { V 5 - s
o
2 2 L o e
» 173 a
= = ' . ]
< © o
S -1.50 = 1.50
2 o = L
= =
- =
300 200
T T T . . . . .
1 5 9 3 w a x 2 287 828 854 12.83 16.12
Run Number Predicted

sla gme (€ daosile S Jlo p Jloi! imin (0 ol (2,5 o ol 0T (6l o Lawsgs oo duloms g (02y26 Canglie ol dmslie (@Y JSi
XD S ey Canglie polie g Waodile Bl jloges (d g Waonile 3L

Figure 7: a) Comparison of experimental and calculated resistance results for carbon black surface modification process, b) normal plot of residuals, c)
residuals plot and d) plot of residuals and predicted resistances.
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Figure 9: 3D plot of resistance changes versus (a) pH and ultrasonic time, (b) pH and temperature, (c) pH and amount of modifier, (d) temperature and
ultrasonic time, (e) amount of modifier and temperature and (f) amount of modifier and ultrasonic time.
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Figure 10: Dispersion stability of raw carbon black (1), ultrasound raw sample (2) and modified sample (3) during 8 months.
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