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Nghién ctru sian xuat myc in huynh quang trong cong nghé in offset
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Tom tat

Muec in offset huynh quang 13 vét liéu dugc si¥ dung phd bién trong linh vurc in bdo mét. Qué trinh san xuét
murc in offset bao gébm hai buéc chinh la khudy trén va nghién mue. Bai bao trinh bay két qua nghién ctru xéc
dinh diéu kién tbi wu cta qué trinh sén xuét muc in. Cac yéu tbé duoc khdo séat thuc nghiém la ham luong
varnish, ham luong pigment va mirc ting 4p luc nghién. Ham muc tiéu 1a kich thuéc hat cda hé muec in.
Phurong phép leo déc véi mé hinh thuc nghiém béc mét hai mire téi wu duoc st dung dé thiét ké thi nghiém.
Két qua tinh toan cho théy diéu kién téi wu la ham lwong vamish la 74 %, ham luong pigment la 16 %, mirc
tdng ép luc nghién 1a 20 bar. Ngoai ra, céc mdu muc duoc thuc hién & diéu kién téi wru cho céc théng sé d6
dinh, d6 nhét, kich thuéc hat, tinh chat huynh quang phu hop véi tiéu chudn cda muc in offset.

T khoa: Muc in offset, pigment huynh quang, tdi wu hod, varnish, kich thwéc hat
Abstract

The fluorescent offset printing inks are the popular materials used in security printing. The producing process
of offset ink includes two main steps as mixing components and grinding ink. This paper presents the studied
results regarding the determination of the optimized conditions of the fluorescent offset ink producing process.
Three design factors are evaluated as the varnish content, pigment content, and an enhanced degree of roller
pressure. The target of the regression function is the particle size of the fluorescent offset ink. The box-wilson
steep ascent method and the first-order mathematical model were applied to design a factorial experiment.
The optimal conditions obtained from the surface response are varnish content of 74 % by weight, pigment
content of 16 % by weight, and pressure enhance of 20 bar. Additionally, the fluorescent offset ink samples
prepared under the optimized conditions meet the standards of offset ink namely viscosity, tack value, particle

size, and fluorescent properties.

Keywords: Offset printing ink, fluoresent pigment, optimization, varnish, particle size.

1. Giéi thiéu

In bao mat thuong dugc st dung cho céc tai li¢u
¢6 yéu ciu cao vé bao mat, vi du nhu tién (gidy hodc
polime), chimg chi, can cugce, hd chiéu, bao bi san
pham va cac gidy to co gia tri khac. Ban chit cia in
bao mat 1a st dung cac k¥ thuat in, vat liéu bao mat va
ky thuat dd hoa tao ra cac chi tiét, hinh anh, mat ma
trén cac tai liéu yéu cau bao mat [1-3]. Muc dich cua
in bao mat 1a dé xac nhan céc tai liéu la that thong qua
céc dau hiéu bao mat [4,5]. C6 nhiéu phuong phap ki
thuat in dugc dung trong linh vuc in bdo mat nhu 1a tao
hinh mo, phuong phép in 16m (intaglio), bao mat vi md
va bao mat véi muc huynh quang dung cho cac phuong
phap in ky thuat sé hodc in offset [4,5].

Muyc in bao mat dung trong cong ngh¢ in offset la
két qua cua qua trinh phén tan chat mau trong chét
mang (bao gdbm dung médi va nhua lién két) [6]. Trong
d6, chat mau dugc st dung 1a cac chit mau huynh
quang hip thu 4nh sang UV, c6 thé 1a thuéc nhudm,
pigment v6 co hodc piment hitu co. Trudce day, muc in
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bao mat thuong dung chat mau 1a pigment v6 co phat
quang nhu BaCaBO;F:Eu’', Li**, cac pigment v0 co
nay s€ phét 4nh sang nhin thiy (A4 = 400 - 800 nm) khi
dugc chiéu anh sang UV (4 =200 - 400 nm) [3, 7, 8].

Gén day, cac pigment huynh quang la chéat mau tong
hop hitu co nhu dén xuét cta hgp chat Coumarin dugc
nghién ctru vi phét ra lugng tir cao va bén sang [9]. Tuy
nhién muyc in st dung cac chat mau huynh quang hap
thy anh sang UV ngay cang d& bi ché tao mot cach bat
hop phat. Pé nang cao tinh bao mat cic chit mau
huynh quang hip thy 4nh sang hdng ngoai ngay cang
dugc quan tdm nghién ctru [10]. Myc in bao mat véi
chat mau hap thy anh sang IR c6 tinh bao mat cao hon,
¢6 thé tao ra gia tri mau chinh xéc tuy theo ham lugng
pigment trong muc [11].

Cong nghé in offset 1a ky thuat in ban phang va
gian tiép. Trén ban in, phan tir in 13 vat liéu wa dau va
nhan muc, nguoc lai phan tir khong in 14 vat liéu ua
nude va nhan dung dich 4m. Trong qua trinh in, myc
in s& dwoc truyén tir ban in, sang vat liéu trung gian la
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cao su offset, sau do truyén lIén vat liéu nén béng luc
ép in [12]. Uu diém ciia cong nghé in offset 1a c6 thé
insb lugng 16n véi gia thanh ré. Tai Viét Nam, k¥ thuat
in bao mat sir dung cong nghé in offset dugc ap dung
cho nhiéu loai san phdm in bao gom cac san pham dic
thii nhu tién, thé can cudc va cac san pham phd thong
nhu bao bi, nhan hang gia tri cao. Tuy nhién, myc in
bao mat sir dung trong nudc da phan 1a phai nhap tir
nude ngoai vaoi gia thanh cao.

Bai bao trinh bay cac két qua nghién ciru san xuat
muyc in bao mat huynh quang dung trong cong ngh¢ in
offset. San pham tao thanh déap tmg dugc cac yéu cau
vé tinh chit ciia muc in offset nhu do dinh, d6 nhét,
kha nang in va tinh chit huynh quang.

2. Vit liéu va phuong phap
2.1. Vit liéu

Pigment 4(3H)-Quinazolinone sir dung 1am chat
mau huynh quang, cAu tao dang bot, kich thude hat
khoang 0,5 pm (duoc cung cap boi BASF). Hé varnish
sir dung dé phén tan pigment huynh quang ché tao muc
in offset (high tack varnish DM-04, Dainippon Ink and
Chemical). Dung méi diéu chinh d6 nhét 1a Mineral
Oil Distillate PKWF (Haltermann, Phap).

2.2. Phwong phdp

Phan tan pigment huynh quang: bt pigment
huynh quang dugc tron véi hé varnish va dung moi,
khudy ¢ téc do thip 20 vong/phut, trong thoi gian
15 phut. Hé huyén phu tao thanh sau d6 dwoc cho vao
may nghién 03 truc, 4p luc nghién lan luot 1a
90/110/130 bar, téc do quay cua 03 truc la 200
vong/phut. Thyc hién nghién lap lai 03 1an véi ap luc
nhu trén. Nhiét d nghién duoc gitt & 25 + 1 °C. Qua
trinh nghién 03 tryc dugc mo ta trong Hinh 1.

Xac dinh kich thudc hat muc: Kich thudc hat
muc dugc do béng thiét bi do Fineness-of-Grind
Gauge. Phuong phép thuc hién phép do kich thuéce hat
la dat mot lugng mau muc nhd vira da vao dau thuée
do d6 min va kéo mau myc bang thanh gat cam tay
vudng goc vai thude do vé phia cudi thude. Cac vi tri
trén thang do ma cac hat pigment c6 kich thudc to, nho
s& xuat hién trén thudc giup ta danh gia dugc kich
thuéc hat pigment sau mdi lan nghién. Dai do kich
thudc hat tir 0 dén 25 pm.

D6 dinh ciia miu muc sau khi nghién dwoc do
bang thiét bi Tack-O-Scope (IGT Testing System) tai
diéu kién: nhiét d6 25 °C, toc d6 16 100 m/phit va thoi
gian phan phdi 60 s.

P06 nhét ctia mau muc sau khi nghién duoc do
bang thiét bi Rheometer HAAKER RV 1 tai diéu kién:
nhiét do 400 °C, tde d0 truot tir 0 — 1000 s™! trong vong
30 s va thoi gian do 60 s.

Tinh chét phat quang cia mau myc in dugc kiém
tra boi thiét bi Luminescent Lamp DM-04 (Pc), dai
bude song 4 =250 - 360 nm.
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Cac thi nghiém dugc xay dung theo phuong phéap
qui hoach thyc nghiém bac mot hai murc t61 wu toan
phén. Ham muc tiéu 1a kich thudce hat ciia muyc in offset
huynh quang, c6 03 bién doc lap 1a ty 1¢ varnish trong
muec, ty 1é pigment trong murc, muc ting 4p luc sau moi
lan nghién. Gia tri bién thuc va gia tri bién ma duoc
trinh bay & Bang 1. K& hoach gom 08 thi nghiém va
03 thi nghiém tai tm, ma tran céc yéu t6 anh huong
dugc thé hién trong Bang 2, 3.

Cung cap vat licu

P12, P23: 0 - 150 bar
Tée dp quay: 200 vip

L Cannao

True cung, cin.
Tilé tocdd 1 .3 .0

Truc gitta tric én

Hinh 1. So d6 minh hoa qua trinh nghién 03 truc

Bang 1. Gia tri bién thuc va bién ma ciia cac yéu té anh
hudng

Cac yéu t anh Ky | Gid tri cua cac yéu tb
hudng hi¢u
-1 0 1
Ty 1€ varnish (%) X; 64 69 74
Ty 1¢ pigment
huynh quang (%) " 16 20 24
Mictangdplue | 1 ¢ | 13 | 20
sau 10i lan nghién
Bang 2. Ma tran thi nghiém
Bién ma Két qua
STT
X1 X2 X3 y
1 -1 -1 -1 Vi
2 +1 -1 -1 Y2
3 -1 +1 -1 3
4 +1 +1 -1 V4
5 -1 -1 +1 Vs
6 +1 -1 +1 Vs
7 -1 +1 +1 Y7
8 +1 +1 +1 s

Mo hinh théng ké biéu dién mdi quan hé giita
kich thudc hat cua muc in offset huynh quang (ham
muc tiéu) va cac thong s cong nghé anh huong dén
kich thudc hat (cac bién ma hoa) ¢ dang:

51\: bo+b;.x; + brx> + bsx; + biaxixs + bizxpxz +
b3 x2.x3 + b3 x1.x2.x3 (D

trong do:

big=123): H¢ $6 trong phuong trinh hoi quy Ung v6i anh
huéng bic 1 cua cac yéu t ddi véi kich thudce hat;
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bij (=123 j-1.23): Hé s6 trong phuong trinh h01 quy ung
v6i anh huong ciia twong tac cip ciia cac yéu to doi voi
kich thudc hat;

b12s: Hé s6 trong phuong trinh hdi quy tmg voi dnh
hudng cua trong tac cia ba yéu to doi véi kich thude
hat.

Bang 3. Ma tran thyc nghiém cua cac yéu td anh huong

ST xr | x1 | x2 x
T | X0 | Xi| X2 | s o | x| x x2 |y
X3
1 1| -1 | -1 | -1+ [ +1 | +1 ] -1 ] y
2 |+l [+l | -1 -1 -1 | -1 |+L]|+1 | »
3|+ | -1+ |-1|-1]+1 ] -1 |+1] »3
4 | +1 [+ |1 | -1 | +1 | -1 | -1 | -1 | y4
S|+l -1 -1 |+ [+ ] -1 ] -1 ]+ ] pys
6 |+ | +1 | -1 | +1 | -1 | +1 ] -1 -1] ys
7 A1 | -1 |+ | +1 | -1 ]| -1 |+1|-1]|y
8 | A1 | +1 | +1 | +1 | +1 | +1 | +1 | +1 | ys

Céc hé s6 cua phuong trinh hoi quy thuc nghiém
duoc udce lugng bang phuong phéap binh phwong cuc
tiéu; tinh tuong thich chung cia mé hinh dugc danh
gi4 bang phuong phap phan tich phuong sai (ANOVA;
a = 0,05); ¥ nghia cua cac hé so dugc kiém tra bang
kiém dinh Student (a = 0,05). Cuyc tri ciia ham héi qui
thu duoc theo ké hoach thuc nghiém dugc xac dinh
bang phuong phép leo doc theo bé mat biéu dién
(phwong phap Box-Wilson) [13], st dung phan mém
Matlab R2020b.

3. Két qua va thio ludn

3.1. Anh hwéng ciia ham lwong varnish va pigment
dén d nhét va dp dinh cia muc in offset hupnh
quang

Ham lugng varnish va pigment c6 anh huong dén
d6 nhét va do dinh ciia muec in offset. Theo tiéu chuan,
muc in offset c6 d¢ dinh khoang tir 200 - 230 TU
(T= 25 °C) va d6 nh6t nim trong khoang tir 6 - 10 Pa.s
(T =40 °C) la phu hop véi cong nghé [6]. Hinh 2 cho
thiy khi giam ham lugng varnish thi d6 nhét va do dinh
ciia myc in giam. O ham lugng varnish 1a 74 % thi do
dinh ctia muc 1a 230 TU va do nhét 1a 10 Pa.s. Ngoai
ra, khi ham lugng varnish giam xudng 64 % thi myc in
c6 d¢ dinh 1a 201 TU va d6 nhét 14 6,03 Pa.s. Nhu vay,
khoang bién thién thich hgp ctia ham luong varnish 1a
64 - 74 %. Vi ham lugng pigment trong muc 13 16 %
thi muc in ¢6 d6 dinh 14 201 TU va d6 nhé6t 1a 6.1 Pa.s.
Khi ham lugng pigment tang 1én 24 % thi myc in cé
d6 dinh 1a 222 TU va d6 nhét 1a 9,86 Pa.s. Két luan,
khoang bién thién thich hop ciia ham luong pigment la
16 - 24 % (xem Hinh 3).
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Hinh 3. Anh huéng ctua ham luong pigment dén do
nhot va dg dinh ciia muc in offset huynh quang

3.2. Xdc dinh ham héi qui ciia kich thwéc hat muc in
offset huynh quang

Madi diéu kién cua qué trinh san Xuat muc in
offset huynh quang dugc lap lai 03 1an, twong tng voi
03 gia tri do kich thudc hat. Gia tri kich thude hat trung
binh dugc sir dung dé tdi wu hoa quaé trinh san Xuét muc
in. Két qua thi nghiém duoc thé hién ¢ Bang 4.

Céc hé s6 cia phuong trinh hdi quy cp 1 duoc
tinh toan va két qua dugc chi ra & Bang 5. Mirc d6 anh
hudng cua cac yéu t6, su twrong tac cia cac yéu td dén
kich thudc hat cia myc in offset huynh quang, y nghia
ctia cac hé sb b trong phuong trinh hdi quy dugc danh
gia qua gia tri p, v6i dg tin cay 95%.

Két qua tinh toan cho thziy céc hé s6 by, by anh
huong khong ¢6 ¥ nghia théng ké d6i voi ham muc
tiéu. Do d6, cac hé so ctua phuong trinh hdi qui duoc
chon 1a bg, by, bs, bss, brs, bi2s. Phuong trinh hoi qui
sau khi danh gia mc d6 anh huéng va kiém tra y nghia
hé s6 b ¢ dang:

51\ =64 + 1,425x;, - 1,325x3 - 1,075x:x3 - 0,85x2x3 -
0,75)61)62)63 (2)

Két_ qua tinh phuong sai du va phuong sai lap, gia
tri chuin s6 Fisher cuaua phuong trinh (2)
Fiinn = 4,27 < Fo,052:2 = 19,0 nén mo6 hinh thyc nghi¢m
la twong hop. Thay thé cac gia tri bién mi x trong
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phuong trinh (2) bé“mg cac gia tri bién thuc Z, ta ¢
phuong trinh bién thuc la

51\ =-0,997,-4,05Z,—-4,86Z3;+0,07Z,Z,+ 0,07Z;Z5 +
0,342,7Z; - 0,005Z,2:Z3 + 62,33 3)

Béng 4. Két qua thi nghiém cac gié tri ¢ bién va trung
tam

Ham
Bién ma muc
S tieu
T X7 X2 X3 y
T Nong do | Nong do VM{IC, Nong do Kic,h
. . tang ap <. | thudc
Varnish | Pigment Tuc dung moi hat
(%) (%) ngflién (%) (um)
1 64 16 6 20 43
2 74 16 6 10 6.6
3 64 24 6 12 8
4 74 24 6 2 12
5 64 16 20 20 4
6 74 16 20 10 5
7 64 24 20 12 7.3
8 74 24 20 2 4
9 69 20 13 11 5
10 69 20 13 11 5
11 69 20 13 11 6

Bang 5. Hé sb b trong phuong trinh hdi qui va giatrip

STT | Hésob Gia tri Gia tri p
1 | b 6.400 <0.05
2 | b 0.500 >0.05
3 | b 1.425 <0.05
4 | bs -1.325 <0.05
5 | bo -0.325 >0.05
6 b3 -1.075 <0.05
7 b3 -0.850 <0.05
8 b3 -0.750 <0.05

3.3. Tdc dpng qua lgi ciia cdc yéu té va anh hwéng
cuia cdc yéu to den kich thwéc hat myc

Tir phuong trinh (2) cho thiy ham lugng varnish
¢6 anh huong khong dang ké dén kich thude cua hat
muec. Trong khi d6, ham lugng pigment c6 tac dong ty
1¢ thuan dén kich thudc hat (b>> 0). Va mirc ting ap
lwc nghién c6 tic dong ty 16 nghich den kich thudc hat.
Ngoai ra, sy tuong tdc cua cac cap yéu t6 ham lugng
pigment va sy tang ap luc nghién, ham lugng varnish
va sy tang ap luc nghién, va sy twong tac cua ca 03 yéu
t6 déu anh hudng ty 1¢ nghich dén kich thudc hat muc.
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Tir phuong trinh (3) cho thay rd hon anh hudng
ctia ap lyc nghién dén kich thudc hat (ting ap luc
nghién thém 1 bar kich thudc hat ¢6 thé giam khoang
8% kich thudc hat ctia myc in).

3.4. Téi wu hod diéu ki¢n sin xudt muc in offset
huynh quang

Dé tim diéu kién t6t nhat cho qua trinh san xuat
muc in offset huynh quang véi kich thudc hat nho nhat
trong vung thuc nghiém. Phuong phéap xac dinh cuc tri
dugc ap dung, str dung phan mém Matlab R2020b. Két
qua thu duogc kich thudc hat myc nhd nhat 1a 3,95 pm
¢ diéu kién ham luong varnish 74 %, ham luong
pigment 16 %, mirc tang &p luc nghién giita mdi lan
nghién 1a 20 bar. Bé mit dép tri biéu dién kich thudc
hat myc theo ham lugng pigment va mirc tang ap luc
nghién dugc trinh bay & Hinh 4.

Kich thuoc hat (um)

24 23 22 21 20 19 18 17 6%
Ti le pigment (%)

Ti le varnish (%)

Hinh 4. D6 thi biéu din anh hudng cia ti 1¢ varnish
(%) va plgment (%) dén kich thudc hat (tai mirc ting
ap lyc mdi 1an nghién 20 bar).

Hinh 5. Két qua so sanh su phat quang ctia myc in &
diéu kién t6i wu (bén trai) va didu kién khong ti wu
(bén phai).

Dé danh gia két qua tinh toan thong ké, mau muyc
duoc san xuét trong diéu kién tbi wu, kiém tra cac tinh
chit cho thiy muc phu hop véi cong nghé in offset
(xem Bang 6). Ngoai ra, sy phat quang cua muyc tdi wu
(ham lugng pigment 16%) dugc db6i sanh v6i mau muc
trong diéu kién khong t6i wu (ham luong pigment la
24%). Két qua cho thay muc in & diéu kién toi wu co
hinh anh phat quang dong déu va sang hon
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(A=350 nm) (xem Hinh 5). Nhu vay, su phat quang
cua muc in khong chi phu thugc vao néng d6 pigment
ma con phu thudc vao kich thude hat myc va sy phan
tan ddng déu cua hé myc in [14].

Bang 6. Tinh chét ctia muec in offset huynh quang duoc
thyc hién ¢ diéu kién t6i vu

Thong sb Gia tri
Do nhét (40 °C), Pa.s 8,86
b6 dinh (25 °C, 100 m/s), TU 225
Kich thudc hat, um 4
Tinh chét phét quang Tt

4. Két luan

MO hinh héi qui mo ta kich thudc hat cia myc in
offset huynh quang dugc biéu dién:

y =64+ 1,425x; - 1,325x3 - 1,075xx3 - 0,85x2x3 -
0,7SX1XZX3,

biéu kién tdt nhét trong vung thuc nghiém dé
kich thudc hat muc nho nhét 12 ham luong varnish
74%, ham lugng pigment 16%, mirc ting ap luc nghién
14 20 bar sau mdi lan nghién. Muyc tao thanh c6 d¢ nhét,
d6 dinh phu hop v6i cong nghé in offset va c6 tinh bao
mat cao.
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