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Study on pH and Viscosity Changes of Water-based Gravure Inks as
a Function of Cumulative Evaporation
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Environmental Smart Technology Major, Seoul Hanyeong University
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Abstract Gravure printing dominates food packaging, yet conventional solvent-borne inks emit VOCs. This study quan-
tifies pH and viscosity drift of water-based gravure inks under open-system evaporation using cumulative evaporation
(E%) as a state variable. A base ink (S-A1) and two amine-adjusted inks with the same base formulation were examined:
S-B1 with ammonia (bp —33°C) and S-B2 with AMP-95 (bp 163-165°C). Samples (350 g) were evaporated at 40°C/40%
RH in identical beakers (6.5 cm i.d.) with 650 rpm stirring, and mass loss was recorded to compute E%. After rapid cool-
ing and temperature control (25 + 0.5°C), pH was measured at 0, 30, and 60 s and viscosity at 25°C (120 s, duplicate
mean). Stabilization rates in the 30-60 s interval (SR=58.3% and 72.7% at €=0.05) justified using the 60 s pH value. For
S-A1, pH decreased quasi-linearly (slope —0.065 pH/%; =—0.90) with a three-stage pattern, while viscosity increased
(M=55.59+14.04E; r=0.95) and accelerated beyond E~3%. For S-B1/S-B2, pH followed pH=8.97—0.176E (=—0.94) and
viscosity followed n1=65.21+10.33E (r=0.98), with a similar transition near E=<3%. Surface observations indicated aggre-
gation/skin at E=3% and gelation near E=5%. These results define an E%-based control window and support evaporation-
stage correction rules considering amine volatility.

Keywords Water-based gravure ink, Cumulative evaporation (E%), pH stability, Viscosity growth, Amine volatility
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Table 1. Experimental ink formulations (amine as the single variable)

Component dispe\r;\s?k:f:resin P(lﬁﬁzl)lt Water Defoamer | Soluble resin |Wetting agent| Amine (NHs) ( Al?\/lngl-l;S)
S-Al 20 30 30 0.15 20 0.5 - -
S-B1 20 30 30 0.15 20 0.5 1.0 -
S-B2 20 30 30 0.15 20 0.5 - 1.0
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Fig. 1. Post-evaporation conditions and procedures for pH and viscosity measurements.

3. BOIE} A2 2 WA
31.85 BN R

B AToIA AMSE 75 Tt ek
A &E: j (S-Al, S-BI, S-Bz),j =1,..J

.Z;Q }\]zq:i i=1,

‘le oao EU(T/]'-r] A))
- pH: pHj
s | it

SN nu (mPa-s, 25°C)
715 Ak g

3.2. pH HOI§ NE|
LR AN

pHE 0s, 30s, 60s 391 Zg3t] Fro] <y

WAE Ashe P00l ke BEIAG 4 (1) ol8s

0 S(l)oﬂ}‘1 30sG) 7,

orgo=w 7k

SRH/(Q = Tk: )

3.3. Mk Hl°oIE A2

HEWE FY AR 1327 24

i o= ARSI
71t 7

777217 - 2

34. 3% 2T YL
3.4.1. Hd Ao

N
1(l4pH, ;| <€)

30s(i)ollA 60 s() 77k WEF =
71 3Re AEgslsly, 2 WalyF JAZE £=0.05
Z3) U]&S SR(%)E A=

mlRto|d

M

g3ke] AEEdS

@

3)

3.4.2. pHell gt E9] 7]&7]

3.4.3. J=ol tigt E9] 71€7]

Y (E-B)5,—7)

Y (E—E)

=7—0b,F

5. § U4 (Pearson r) HQHA
3.5.1. ES} pHe dAIS

3.6. HEHsT CV HMY

T 220 BAl AR j = 1,...J, H gk pHY, R gk

251

4

®)

(©)

@)



252 UM
3.6.1. Het
1 J
pH= 721’1{]
. j=1 3)
;: 72%‘

)

3.6.3 HEAF(CV.%)

SD,
CI/})H: —X 100\%
rH (10)
CcV,=

%
7
4. HIo|A Alge| FHT OiH pH X HL B9x
o2 AR S-Al MI1E T AZANA 117
o2 F 630 AA FUY, pH, =S SASIAUTH
o] gk pH 3 Hxe] ®IskE A% #2431
’de) FHBAE skl

]
oy Hr iy %
)

o

|>|

5.0121 235 Ft N\g9
S-Al Wlo]2 A&,

F OjH| pH X Bk B3R

1 ﬂx— }m 2E2S Z7)3 §-
Bl, S-B2 2719] ANES =2 sAzAA] A7 7HFo 8
Z 33]e AA FEF = S48k S-Al HiH
27) pH =folel g &Dﬂ 3% Wsle} 41 A 3
2 JgS vlwgto e, S 7 pH 9 A=) A
AAAE A HrEdch

2
pH, HEES =
=]

= 01)‘ _i\‘ o

2

1. HOIE A= Hi}
pH dlolH X7 A3, ZE A3 30~60s oA
SR#kO] 58.3% / 72.7%S2 =& g3} gho] AEEH U
SRO] E:_Q_:‘r‘_i pH 7L/] tﬂE}a ] 05 u]u]-_& _)4.1:]—5]
TEOo=ZM, pH #e] H=2 AFAES zheth Ao =
pHe| 32 60 sollA —723% —% -85l Tt
Axe] 74, 23] & Bt we 2R ARSI

0

2

Kb

CRR
[ SRS I o

o

el

2

&l

&
o
=

28] A vlolEle] WAL AS71719 54 0Ag WY
wrhe wlg A 0] 23sje] Holele] Algge) 3l
Fo] A=},

2. H[OIA Az 2| T OfH pH X BT BStEY Hit

Fig. 2& S-Al A]g e FA = g pHe} A
T Wske] Hd AsS vERTh ofst (7h-(thellk= Fig.
= niRo g wA Sues) pH, A%, 223 pH-AEe]
FHBAE FFH R =gt

215N FYHZ pHY AEE

2 Fugo] Z7IEE pHe A HL1(0-5%)elA A
o AygHozm s, AA H A 71€717F oF
—0.065 pH-%%} Pearson r=—0.902.2 7338+ &9 AHoz
LFERs T

AFAOZ= 0-2%77FlIA pHZF 7147]:-0.138pH- %=
V& TtEA A & H, 2-3.5% FelAE 7187
—0.012pH-%=EH pH7} 8.1-8.2 F-Zol ME= Hekgdxd
T7e] YERAL, 3.5-5.0% ZHlAE 7187]:-0.062pH %
2 oA s SRR AT FUe vle] AR
B CVZE 1.5% olatz fAldthe 12 o] 3¢ sfido] A
dele 724 IS S

T Ftéi 1A 0- 2%0111\1 714717} 8.03 mPa-s-%% it
gt F7PF e, 2-3%014= 7147171 10.96mPass%
2ZA AE AR s o] o] AU, 3-5%AAM =
71€717F 22.52 mPa's- %2 FA F7FPEA HE Ao
7IEE S AE 7 AECV)E 14%E =T Sito)

Base ink S-A1 (four replicate samples / X 4)

140

Viscosity, (mPa-s)
= [ = =
@ O o - N w
o o o o o o
/

~
o
T

—e— Viscosity mean pH mean N

-8.0

(=)}
o
T

0 1 2 3 4 5
Cumulative evaporation, E %

Fig. 2. Correlation between viscosity and pH as a function of

cumulative evaporation (E%) for S-Al.
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water-based gravure ink as a function of cumulative evaporation (E%), pH, and viscosity.
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