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Effect of Air Pollutants on the Color of Ceramic Decoration of Liquor Bottle

YANG Qi

(Sichuan Pacetati Co., Ltd., Yibin 644300, China)

ABSTRACT: The work aims to study the cause of discoloration of liquor glass bottle with ceramic decoration. The at-
mosphere and sewage around the workshop were extracted for GC-MS analysis. The related glass bottles with ceramic
decoration were analyzed for composition by x-ray fluorescence spectroscopy (XRF) and photoelectron spectroscopy
(XPS). The screen printing enamel and paper used were subject to thermogravimetric analysis (TGA), and the SO, and
NO, fumigation test was performed. The enamel contained light yellow PbO, which showed chromogenic reaction after
fired at 560-580 °C and formed red Pb;O,4. The brightness of the precious metal area on the bottle was related to whether
the organic matter could be completely burned out. The red Pb;O, in the red area on the bottle reacted with SO, or NOy to
produce brown black PbO,, causing discoloring. Therefore, the discoloration of ceramic decoration on the liquor
glass bottles is found to be related to the atmospheric pollutant SO,, and NOy. In the production, storage and use of liquor
packaging with ceramic decoration, the location is kept away from heavily polluted and humid areas. Packaging and
printing materials are screened for resistance to SO, and NO,.
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FEG: FTBEIEH , 500 mL, FUEEA ML/ | A2 77
D22 ENRh . & S, ARl A YR | fEE S5 E
WA T ERal4tsk, W A E | sEPAE; S5
TFKEEAR, 2 A AAS I ) B ) R KB 28
A, HEEE TS K3 5 KA
1.2 UFEEMKFE

1) 2S5 MG KA AT GC-MS 20 #r, {XARHLS:
A 5977B MS F1 7890B GC, Agilent Technologies 2%
FAEFE S K 7k TY/T 003 5 GB/T 15481,

2) XAF . . UK IE S T(TGA),
{82 TGA7, Perkin-Elmer 281477, MHAA,
WONZEA, THEBEUE A 10 °C/min,

3) XAEIHT X FEGOEEIE (XRF) 4347,
IX#E N Axios A FIAE=, e Mini mill #FE 300 s,
FHBIN TR B 485 4 ¢ 40 mm AYIR A, FH XRE
HREAHEA T TCARAE ST

4) $EFR X FHESEH T RERE (XPS) 40T, 1Y
RS XSAMSB00, Kratos 23 A 77,

5) BRI MR GB/T 1347—2008 { A4S kgl
AR HTTIR ) AT

1.3 S0., NO, iz

1) JEARIN SO, JE I . K 3 B8 IS A 8 43 1)
T, A 5000 mL TS, FEE TR P olcE —
N 0.04 g FRACETRRENA/INEERS, FEBERR A
0.5 mL ¥ 1 mol/L BYBRAR, HPIE18r=4: SO,. ¥+
PRGSO, RIGTE IR TCE, &M 1 h RS
Mg BB, K A B .

2) NO B MK, T SO, ik, T
JEASTHCE 100 mL BEFR, PN 30 mL AHPR, FEREAR
Hoin 1 g 8 R, B4 NOye

2 ZRE5TTR

R W AR AR R, X RS AR I B AR ()
TERCEE . ARSK AN ZZEnahas ) HEAT 1.

2.1 KM

BEEIRAY WL 1. FESE T AR Si0,, I
JLEIR 2000 °C, ZRUINA BlrkE ) an a4 Jm S AL Yk R
IR BT, fHUE AR EEREINE 1000 °CAEAT o kiR
PIEBCEE TS, AUMASE 3 A3t 4 8 0 MgO,
CaO %5, CaO N RFFBE IR M, A 20 35
FFABI, MgO 1T BH 1k 3% 35 2% 38 3iE K Af I 5 iy, tn] L
HEI S5 1Y & 540 B B Fe,O5 LG, R I AT .
1 CRIRMAR IR AN A%, MO HT 45 S5 S 6l . 2

F1 WEBRIIWER

Tab.1 Composition analysis results of glass bottles

%

FP5 oI H — 5 453 A
H1 i NH1 jffi CHi ZH L6
1 Si0, 74.03 73.57 71.48 70 ~ 74 IS F TR
2 Ca0 8.29 7.04 6.04 8~12 FRE
3 MgO 0.65 1.33 8~12 IRERA
4 Fe,04 0.027 0.036 1.5~2.0 Z
5 Al 04 2.08 1.17 1.5~2.0
6 K,0 2.10 0.89 13~16 lipesl
7 Na,O 12.19 13.39 19.12 13~ 16 W5
8 T 7 PR A2 ol B G NEH
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2.2 [JEIRZENME

i A HITE e 560 ~ 580 °C R 4Ny #libedi
R X BF A7 22 BN 2B AE TGA, Z5R L% 2, hEB1E
TGA M H BUIE E 5 IR &, = TS AR T 200
Bt BBR (580°C) B, M A VLY SBEBEARSE
&, EARMEBNNRE, e mtERE, hE
20H, HE&H G0, BEeE A 5EEH G NEhE
FER R T AR

2.3 ENRIZR5K 5 #r

EDRIPRA 4000 TGA 4R I3 3. SR Patie 4t
sk B JCHLIECRE, SR AR, H KT t,
P4tk rh A ILITE ¢ P RESE ebebr, AaTl kit
BIEBIEA . QRN
2.4 WIBMEER

WO B OB b b e SR KA B DX it AT XPS
S3HT, ARARILE 40 XPS RESRIN B HE R i BUMOKR TR (Y
DI, A AR BR A S5 R 1%

FERA G X OFBA R 2] Pe, i A E] Au, DL
4. HEH T Au BRI ECY 6.3%, 10 Pt FR 7>

BAH 0.75%, KT THRMGE R, Pt/ Hik
PFHEAEH . % TR 4 T2 & A0, Au
EIRSSENGE 2y P S )N = N v EAR G Y = = M GRS
I e e Au AN HE P TRTR, A4 2T
A& B P ERATEER, A58 R A 2 A
R, Pt I IK R A S AN D AR L, PN IS
AR BN, WA SRR EEFE. M Pt
ARSI e Pd mifsE, 2% H Pd BR Pt. Pd 7EiE
WA FEAPORREKZRES, (H7E 800 °CLA T )%
S 2 E Ak . MERENEE Gl EARE 58T
Aif, HARE, FILReEXBMER, RNEalir
. XPS Z5RHP BT C LR, EOHEERIY
ARG YIARTE LR MM TR, XA R REX
BRI R, FILNEE Gl RENIZENR 1.2
B,
XFFHERRLLIX, XPS AR E] T Pb, #i2k4
JERAEEEI N R, FEARAHT A0 B

25 Bk, REMXER
251 SEHEXR

GC-MS Kz, Joigs&i5 /KA i & T /K
HAAUR, B T IEE S S, S ARSI
) SO,, WA Wiy, i€ T/KE R RAL, Kty
AWl 21 X AR (8 R SO, 1 K

Tab.2 TGA results of ceramic decoration screen printing ink

R2 BIRLHBETGAER

P9 MEAS) BT TEE B S5 R t/°C BRAR W) BT 53 B % AUEREE  BBARER
1 HEH A AS 3 H] 510 6.58 SEABEd ese
2 Hi4H Gl H 23] 500 7.07 5E 4 et tse
3 4 GO H /A 620 8.80 VS W 2 4
4 H4EHP IM A 550 10.13 564 ped ass
5 WEHEG H /A ) 580 12.50 PR A W 2 45
6 WEH A AS A H] 600 11.27 PRANTE A W & 4
7 S 5 S A 350 0 58 42 e
8 T 8 PF /A #] 380 0 P oy e
9 JH BT 8 SD /v H] 410 0.22 56 A be
#x3 EHRILKH TGA LR
Tab.3 TGA results of printing paper
23 WK /% Bk ¥ W) i U Y% ty/°C
HhIE Y A F 8.75 8.7 430
i D A F 7.5 8.12 430
HE P A 7.2 8.7 470
HEE S AW 6.75 8.7 450
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Tab.4 XPS analysis results

5 BRI X 45 B =S i) TR
1 e kX CIR 0, Na, Ca, Si, Au, C
2 e kX HI1 0, Na, Ca, Si, Au, C
3 FAR NI E TR rY NH i 0, Pb, C
252 RikREA PbsO, 7 SRR A A O, W (2), 774 PbO,,

WARREAE [ 15 KA B f5 K, BN b #y
22 PSR IR RN R K o SR GC-MSS Al 217K B
A SO,, WANEEH K A TUREHH S Y
THRI3TRAEN, 14- T8Ok, 2,3-24-1.4-
Chbe. “HFk, —H ok, =EHF k. WAL,
WA, O, —HETTRH., KB AL
iR (% & AR BRI HES ).

R V5 K XL X R A AT S, BT KR T YRR
i, FEH LS BRI, UM R A IUE TR
A ey, IR B X AR (8 5 750K 6, FHZZER i A5 1)
VR FIAE BAph (%) B2 A DA K P T P v 34, 41 8 75 A,
MG, 4546 FHAREEAINRZE R, 13 a8 M IX
AR 2 SO, 18 .

X2 AR ENUE WL B LE L, o 928 0 1 I B8 o
WTE LB, MR 2 AR B PP L4 o X
SO, bz K H, B R ML TR AE R .

253 FEHAERTEERITIE

FEbRREL 22 BN B Th S A= Y Pb, A Pb Y
EEIEWEAS . g AE, KA PbO W] LLREARDE
T ) A L B DT ol 45 s R 2 i1 bR o 7 39 38900 1)
FI . PbO 7E 560 ~ 580 °C F 2z %1k 4L (4 i)
Pb;O, %, X —EMIRFRLLAS . L0, KEARAY G
BV ILE (1)e KRB ZHTFRZE T H AR UL ERIR A 15 {4
El%E, /& PbO WBith, belsid 5t i H 41
TR R 2T R R SRR X — ]
MR tead R, 206 PbsOy 1218 43 i IR B (1
PbO, LIRSS H 4 XA, RGBT e ok
B AR TAT,

6PbO +0, 200=06007C _py, o, 2000°C |
R fif 21 {1

6PbO +0, (1)
R

X YRR AAE T X PbsOs 5 PLO, LU
Pb;0, A E ., PbO W5 SO, K iy, A= il Ari RS,
] FH T M R 85 75 Y0 Pby O, 2 —Fh B BURL
R, FIT BB RS W Rl AR T B 5 Tk
o, BRORZLPRER . RS S i AR D R AE
A AT R IR TR, IR T R TR R T
EENR 2 JmEH

B fhZ PbO, MAFRAY T, PbO, J&H IR HL it 51 Y
Fmpt,

Pb,0, +2H,S0O, = PbO, +2PbSO,+2H,0 (2)

[EFARE FREM

KAHPLEAE SOy, HKARE K AWM HLZ M 1M
N, RS . WARER S Pbs0, 2 &A=t (3)
BRSBTS BT X AE M A A (e A58 3t et
LI IX BTG IK LA S SO, 7K S5 18 A0 A8 Rk A, ik S
T PbO, A o BRFEAT ML ARG b A L BE 4 R iR 4 o
RN (1) TR, AR S B bR 75 AT A ik
82 ISR B g7 SEIIE AR B AR PbO, JLikHE
1L e ks B LI PbsOy, M o5 —TJ5 THTIE BH K5 B AR 1
ANTENEIE I B TR

Pb,0, +2H,SO, = PbO, +2PbSO,+2H,0 (3)

[EFARED FREM

H i 2 447 B R A 1 40k B K & P S0,
TR AR O RE , (H N
XA A

ReEXEER Au JEEM", Au HERE,
NG5 T L, Ag BAC PtORIE T 8 4 B0 1)
arRE, RS EREH Ag, B3] SO, UK ENIE
S HLS PSR KRN, AR Ag,S,
Ag:SO; Fll Agr0. T AT P EREE, &
XRF ML & A KR Se F Bi, Bi,O; HLJ& 3% 55 B4
A, e RERERRRZE SO, M E AL R, H
Mg AEw &5,

KA SO, A 2 ANKUE: J5/KAERT B HRR
b BRI i R IS 7 A o )T R R R i
B, XA KHETT, WRIXAE PR KR, BLTE
HBE KM, 5K ELPRT ., k)T SO, 1Y
HETObR -t B 28RS 2 RSk 19 1/6 ~ 1/10, W3 5,
RUA KA R e, B DL BAE AT % A8 (L f)
a8, 075 G WA BV HE L, AT R SR B ) B
A5 $ )it

MR 5 A, RAVSEYERT S0 5, HaMeH
NOy, PN, NOL X IE R ZERAH MW, 48T
WMTEFR, KB 5RERSIHPN NOy EZEM SN
NO, WfibiE NO, SHMAEMAY . NO Hfihz <
Ja S8R NO,y, 525 5 7K IR NI AR R DA K i
FALPER AR, Xt X FREA KA (4) 5
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(5) BTRE. MULHEAT TAEIM L, JESE NOL &l
SRR X AR, WE 1,
Pb,0, +4HNO, = PbO, +2Pb(NO,), +2H,0  (4)
Pb,0, +4HNO, =PbO, +2Pb(NO,), +2H,0  (5)
%£5 GB13223 KB XS TLEWHEMIRARNIIE

Tab.5 Changes of air pollutant emission standards for

GB13223 thermal power plants mg/m®
R SO, NO
1996 1200 ~ 2100 650 ~ 1000
2003 400 ~ 1200 450 ~ 1000
2011 200 100 ~ 200
2014* 50 100
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Fig.1 Ceramic decoration on the liquor glass bottle
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AR IS, W50 X e TR . KPR RS
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25, Bl SO, 5 NO# /KW T8 B by e, A
AEILLL (Y PbsO, 28 MR E) PbO,, AZE %R
RN R KSIEI T, SO, 2 b ik (1,
[FRE UL S AR B OB ERMEZ — BT 6
BR . ARER . ASERAL, R FHSCHE H UL ) B FR FE 1 A4
M, WEEEfa XA, (HRHBEAS.

Ko e 6 1 R 2R R T A 20 Z24F, i
22 MR 7 VR R ME AT S ST K o ISR AT F S A
AT, MR ASTM C735—04 i iR
PEML . ASTM C777—04 3 B RE b it 47 Ak 0 A4 0
7 o TR A P B 38 RS B A Tl 1 A ST S ARL A
Fig T A R A

3 ik
RATGHH) SO, 55 NO, S HBLIEFRLT XA (0

RIOCHE, PUIAEA™ | 7S JAIS 3R, B
F BRI B T KA BT KT ARG Y | R AY

Xk, JF HEAL TR, P SO,, NOHAHES)
VR . TS B A T I, L A
TS AR R R, AT RES AT BL IR, e
FEbRM SRR B e, TR M (PE 48) 1%,

WES I o B bR B T PUBR A R, T R
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