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An Experiment to Improve the Hot End Coating Process

in the Production of Glass Bottles
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Abstract

The objective of this article is to improve the hot end coating process in the production of glass bottles
for the case study company. The variables studied were the spraying volume and the spraying rate of the glass
bottle coating solution. The glass bottles that were experimented upon had variables adjusted to the specified
values and were then examined and tested by measuring the hot end coating value, slip testing, impact testing,
vertical load testing, and internal pressure testing. The test results obtained must be under the company's
quality control standards. The experiment found that by spraying 3 cc/stroke with a spraying rate of 15 strokes

per minute (spm), the process capability ratio C, increased from 0.48 to 1.64. Making such adjustments can
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also help reduce the consumption of coating solutions used in the previous process by 10 percent.
Keywords: Improvement, Hot End Coating, Production, Glass bottle
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(Blowing)
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(1) Raw materials preparation (2) Melting & Forming
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(4) Inspections (3) Annealing & Coating

. (5) Applied labels (6) Packing
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UNATVDIVIAKAIIINNTTUTUIZANF1A I MFdnSEnsvesilawtidmalimiawiuinanuesen (Strain) wazdl
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anunsgansRsegngluilouis daludsdedinsruiunisuSulsantAveennimenssuisnimiusey (Heat

treatment) Tutumau (3) uweutladuaznisiaiou (Annealing & Coating) LNBAAAIANLATIAAIANTIAAINATLUIUATT

1

Jugufeulnsnmislinnuieutuuifionmafivansaulunafivnzay usziinsmuausninisanvesgumniuniie
uit iilegamgfivesninuiiand1ivie 60 ssrwailua mautiazgniundeudetneuaiifaionnssuunsi
“Thas towus Tania (Cold end coating)” WielwRduusnveswInuifinudu s Wnuszansamluduneuns
Anaain (Applied labels) wazhiidusesidlodondiuseninsnsnanuazuuds (3,4] mendnnsiuienadl viaui
wQNATIVEABY (Inspections) Tudumau (4) MewnIesiieanis Womamuunwias (Defects) i o dmsuvanuiaid
AnuunwInazgnuensanifievluvinans Tuvasfinnuiilldunsgruasgnddiufnaanludunou (5) wasussqstasi
Tutumeu (6) titethdsluSsunundusely

oglsffneufinaaudvsdngnszuiunmaneuiiodsluduneud (3) maufaiidsfinuieuasauasiing
nszvIuMsndeutheniisenousemsiynaszaealad (Sncly) lnvidesnnszaaslss (TiCl) wasasusenouiyn
5un3d wiefiZensaufu3n “Monobutyltintrichloride (MBTCL)” ilasannszuiunisiiasfwinvasainuiidou 3a
3unnszurumsii “gov 1oust lanis (Hot end coating)” TnefiinguszasdiiowndavinvinuiliAnduiidy (nu
wuUszan 10 3 15 nm) gnsesuanvuaidn (Micro-crack) Gﬁ”ﬂgﬂﬁ" 2 (b) vilvidefinmnumumuiazaniyuan

LARAANITEANTENINNTEUILASHAR ITURBUsDlU sauddludunaunsvudazilatlulgau [3-5]

Micro-crack Coating

thickness of 10 — 15 nm

() (b)
JUN 2 mswSeuidisuriauii (a) n3alldvin gen Lo lands uae (b) n3dlvih sev teud e [4]

Hagtuuinnsdnuldmandouduthenmesu3vn BOHIME CHEMICALS Usawedmd Tunsindeufiadie
nSzUIUNT oY taud Tanhs uazinnudesnisanuinunslidheiisedflunssuiunistingn melddoulvauds
LazaRsgILTesILiTinanldssegluinasisiunmsgunsmuauaunneesuTImAmun Tasuismnsd@nwidon
Uiudganszuiumssdsvianiiling M dsfivuiaussgeiedu 150 ml iesandulinaiifiuinianisudnmnni
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gadeldmatiamadmnssugaamnsussgndsauiuniseaniuunIsmaaes (DOE) temuTunaieayIum
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YINTEUIUNTT (Process capability analysis) ﬁf\mm’lﬁmizmummﬁmﬁﬂ%’uﬂqnmmimwam’mLﬁﬂé’mnmu
Uafinun (Specification limit) AnuAmua el lagauddensuu [6-8] 14nsndiuauauIsnvenseuIung
(Process capability ratio; C,,) 30AMA1L1507U1A34 (Actual capability) veinszUIuNsraINIsUTuUTUSsuiey
e Cy YN UM ITldagifn winid usnmeusennsadnudildinglianeininuaiunsaresnsyuiuns gen

14 2 o av =Yy v Ao e & D i l = @ ¢ o a o

ud lanis dnidedelasinduusdnnsdfnwnadmingleifsndngndt 1.33 dadunaminilunfdedldaivay
ANMHATNNTAVRINTEUIUNIHARINgRa TS IukAzarTeUl NI NaNSavRInTEUIUNNIREReg lusEAUR [9,10]

MallnszuiunsiuiulssiemanUsinanisldielunsindiouiavinuiamenssuiuns sen toud lanie asldlides
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2. 9 1neile uazdinnsAnun

nsTUIUNS gav Loud Tands vesussnnsalfnuildinenndou BOHEMI STATIN S deflautilunisadiadu
g SN0, (Stannic Oxide) WAsURILBNTBIIALA ol aAufTinuAmuRLTY

f3eladn®au (Work study) veenszuiun1sHanuIaLivesusennsilinm Tnatamzludumeuntsin sen
w0 Tans faeFnsniuiinen BOHEMI STARTIN S uAvanuffikiunssuiutugudounelugwuihe felagiiuuidm
T¥Usunashen 5 cc damswunilsnds (stroke) uazyinswu 10 stroke luszeziaan 1 wiit AmdudSuansidie 50

cc/min IneAdelaliteyadmarilunisesnuuunismaaes Fadulunumsied 1
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Experiment No. Consumption [cc/stroke] Spraying Rate [stroke per min, spm]
1 3 5

2 3 10

3 3 15

[ 5 5

5% 5 10

6 5 15

7 7 5

8 7 10

9 7 15

* prdaguunusennsdiinyldnde

A19199 2 mﬁmqﬁmauLLazmaaumummgmﬁmum

Measurement & Testing Standard Method/Instrument

Hot End Coating* > 15 CTUs AGR Hot End Coating Measurement
Slip < 15 degree AGR Tilt Table

Impact > 2.5 kgf-cm AGR Impact Tester

Vertical Load > 8 kg/cm? AGR Vertical Load Tester

Internal Pressure > 5 kg/cm? AGR Ramp Pressure Tester 2x

* audRvesviawmimiluldusadiue C,,
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nsnanosLiunislaensusuevesaias sav wous Tanks mumsail 1 MesvezaUiusadngn 60
wi/mamnaes udliTBnsdusiegnsnauiaiilvasenaingriuthen sen tous Teviia yin 9 2 wiit auAsuIuaY 30

fege Wisiluszlivantfvewiauiilegldisnsnsvdeuwaznagauniunaeiuinsguivssnnsdanyii vue

ANUATTIT 2
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Hot End Cooting

Measurement
System
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UM 4 NM3nT19a8UA1 gOY Lous LANia

Jomrund1AyrensauANAnAluN1TN 8o o tanas lawn wauiiiiiunssuiunisiidesden gen

LOUs 1ANAY 11ANI1 15 CTUs (Coating thickness units) Iasni1snsiaaeuldiniosiaiaaniziiidodn “Hot End
Coating Measurement System” 48aU3¥% AGR aiduanluzui 4 wazifloaainiduAimiuaununInid1fyves
S vau % gv i vy o | Y o B q' Yo
nszuaun1si g33eddddafilannnisnsiaeudiesgrariauiiniiunismaassniudauleluaisied 1 llddn
AINAINNTOT W95 9909NTTUIUNTT teiInuaAIuInsgIuNIsEaNsuLllann C, > 1.33 Buduinueiiasviou

AENITaTeINTTUINNINARMeglussAuALas lulumutmanevesudnnsdanw

-«— Position (1)

-4— Position (2)

UM 5 1aTesilauazdnuniznismaaey (@) Msnadeunisiulaa (b) MINARBULIINTEUNN (c) NTVIAFRY

amannsalunsFuLsdlunwnns uag (d) maeaeuiunssiungluussyioe
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UBNINNIATIVABUAT BV 1oust Tamia U fegawauiisiua 30 fegha Aldnnmeaesuiafou
themunsUiuadudsiing asgnvnaeufieisnsdumuinasgiuvesisndegui 5 ielinaufdausiiduly
muderimuanazierensuanluiuneudely Ssszneushs JUil 5 (@) mannaeunisiulaa (Slip testing) Tiadesilo
naaeuludnvalfznufiansaususzuulndeds (Titt table) Ul 5 (b) MsvadeuLssnsEUnA (Impact testing)
awnnAsURnszunnYIAUi @i Isie (1) USaU1an (Shoulder) waw (2) U3aufuwIn (Bottom) uandntiesd
namadeuALanIalun1sSuustluLIRe (Vertical load testing) Fa3UT 5 (©) wagmsmampuuUsIFuMEluUITY
st (Internal pressure testing) Aa3uU#t 5 (d) Flduswunilunmsnageu Heiranisnageuuiarianistradudesdien
Tishninanmsgiu (11397l 2) vesussmnsdifnuimun
nsmAmsailunuisel §iseldeeniuasdnsesumeatiidagluntsdunm nenmeassuazindulasy

AIUNSIINAUTIMNINLAS UL UNLNEVRIUS NN TEFANEN

CTUs degree
5 (a) A (b)
Hot End Coating Value; Standard : >15 CTUs Slip Testing
r Standard : <15 degree
20 1
15+
10 +
5 4
0 A
f.cm kgf-cm
ksf-c © s (d)
Impact Testing Position 1; Standard : >2.5 kgf-cm Impact Testing Position 2; Standard : >2.5 kgf-cm
4 4
2 2
0 - 0 ,
2 2
Kg/cm Kg/cm
35 - (e)' 5 18 f _
Vertical Load Testing; Standard : >8 kg-cm [ Internal Pressure Testing; Standard : >5 kg-cm
30 16
14 ¢
251
12 1
20 t 10 +
15 1 871
6 +
10 1
4 +
51 2+
O - 0 -
1 2 3 4 5* 6 7 8 9
Remark : * is a present production. Experiment No.
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3. HAKANITUATIEN

nmssiunmeassiussaaiasiuiten BOHEMI STARTIN S uimaauffimunssuaudugufounslug
wuhemudoulonimeassfinised 1 wdwhmsduiaegrmanuiidauieulunismaastay 30 g U
ATNABULATIAFOUSIEISIANG 9 munssdt 2 Tnewudn dandlvgvanuiaiiiiunisi sen eud Tanis mudeule
fiftuuadien gon toud Tands 18 BgendnnusiuInTgIUNIIATUANAMAMIBIUTEY (> 15 CTUS) sntiunsd
nszUIUNHARTIUS NN TIAREU 3 c/stroke FESRsINITWL 5 spm il sem Loud Tands sndasg fe &
Aadswintu 12.84 CTUs faguil 6 (a) TnemsléuSunaansiadeu 5 cc/stroke fpdnsiniswu 15 spm ¥ilsvanuin
fifn san toust lavis wdsgeiigalunismaaes Ssdidwvindy 22,05 CTUs agslsfifnamavaaeuauifvesyanudai
K1un13¥i g Loud Tans anudeulusing q daedimanaaeudulinanimeaoudateglunasiuasgiunisaaues

@mmwsuaw%ﬂ’wﬁmuﬂﬁgwm fauansluguil 6 (b) - 6 (1)
iladadonAmulsvesnszuIunsiasaueuIsnnsdiinu lunsldiusnssuaiuns son ous lanks
aveniveyan sen Loun Tamia Aildann1snsaatadeirdesile Hot end coating measurement system Yaaus

azeulunisveass S1wiumImeaedaz 30 Mg lUlaszianuansareanssuIunsmeveniwsdnsaguyae

Tumseuanieman C,,

Overall
= = = Within

(a) Process Data
st 15
Target N
usL e
Sample Mean  21.8067
Sample N 30
StDev(Overall)  6.98461
StDev(Within)  4.70775

Overall Capability
Pp .
PPL 0.32
PPU
Ppk 032
cpm
Potential (Within) Capability

cPL 048
Cpk 048
10 20 30 40
Performance
Observed Expected Overall Expected Within
PPM < ISL  66666.67 164898.35 7n07s - Consumption : 5 cc/stroke

PPM > USL
PPM Total 66666.67 164898.35 74110.75

Spraying rate : 10 spm

The actual process spread is represented by 6 sigma.

(b) It
Process Data '
LsL 15 :
Target - '
usL N
Sample Mean 209322
Sample N 10
StDev(Overall) 139696
StDev(Within)  1.20657

= Ovenall
= == Within

Overall Capability
Pp -
PPL 142
PPU -
Ppk 142
Cpm -
Potential (Within) Capability

:
: -
| cPL 164
s
:
: £
H v
150 165 180 195 21.0 225 240
Performance
Observed  Expected Overall  Expected Within
PPM < LsL 0.00 186 04 Consumption : 3 cc/stroke

PPM > USL
PPM Total 0.00 10.86

a4 5
Spraying rate : 15 spm
The actual process spread is represented by 6 sigma.
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syt mslduTinahendeu 3 co/stroke faunIImiU 15 spm i C,, gegmiioiFounioy

funslduninatheafouuardnsedeusedeulumavnaesdu Tnefiduviniy 1.64 Ssganinen 1.33 authuaned
VI

U 7 wanamsiSeuifisunanisdiuananuaninsavesnssuaunsaantagdufunsyurunsnannsdliiiing
UsuariuUsudidssalisnnaiuauanunsoresnseuiums Cy dangefignannnmvaaesianun uwidnd sen
woudt Tavia g8snssuruniawantlagtiuasdaadoganinssuaumananlaonsliuiinanitenadou 3 co/stroke fae
§hsmiu 15 spm eg¥esas 4.01 uadlorFouiisumiuannsavesnszuIuNsHARNUIN dnvaiznsviBalaunsunugy
7l 7 (a) wandlsiiuinddeyaunsyaiivaauiideinunszuiunis sov loud Tanis SauRldduminasiinasgiutmun
Jedwmalsian C,, voanszurumsnandaqiudiandios 0.48 Fuvannumneldinnszuaunssandainuanansanisnae
agfluszaulaid [10]

MNHANMIVIAREITIRY MnuIEnnsdAnwUSuRsAFLUslunsE I Bov Laud Tanda sufidideiaue
Tnemsldusinanienadeu 3 cc/stroke wazlddnsinisniu 15 spm wunslddsuanienadou 5 c/stroke uazly
§n3In9ui 10 spm aevhliuTsvanmnsnanBmunslideniuaddiesas 10 FsgeniAarudesnisveaisn
wayTnnUsvasiuosnuided vhlvidunuanlddieinen BOHEMI STARTIN S anas usdesusuiiinduaundslunisiu
heeuiuarorilidsunumslindsnuiintuddugnddisarldfnuifiuiy wioglsidlefinnsanand
ShanduaaInInueInTEUILNT Gy lumsuiusaiuusigifoiausisudisutuidudsiuisnnsdfne
Tvinsuanegiu mslduinahenadou 3 co/stroke Fedsmmiu 15 spm Winansmndeuautivesnuiiti
n13v g Lous Taniia sudeulasing 1 oglunasiinmsgiunt saruauaanNTesUT SR TUATLR wagdian Cy,

a o I

agflusgdud daguil 7 (b) Asluusnnsalfnwadsldrmdnaniunsuiudsidmudsliuniaaamiuing sen oud lav

U

' v
a

fs lne3deaslafnnunainnsusuusaiaiy Wy Usinaveadeiifinluainnssuiuniswdn minusennsddnwla

'
va o

udsumsasadaudslunssuiuns sem teus lands auigideiaus

4. a3d

MnmnaaesUiuimUiinamsiuheuazsanmauiheiadouniauivesuitnnsdlinw Tneldvade
MeimnssugaaInn i aUiulenszuauns sev oud Tande Tunszuruniandavanud Tuna M 9unaussy
\A30sRy 150 ml anansnaguldded

(1) dulsfimngaulun1svin sen teud Tanda fetien BOHEMI STARTIN S dmsuenidded Tdud msld
USinauthenmiu 3 cc/stroke Fedhsinisnu 15 spm

(2) MnmsvnaesUuURnIEUINMS shlvianuansatesnsruIumsHanInuiludureunish sen Laud
Tavia tisduegluseduf Taefednmadumiuannsavesnszuiuns Cy, whity 1.64

(3) Msusussiudslunszuuns sev toud lanks muiigideiaue anansandsnanisidiieadisesay

10 WeawSsuiiguiiunszuiunsnanneuuiul s
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