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Abstract

This article presents “Ton Kla Wichakan" which is a guideline for knowledge management innovation
of the Faculty of Education, Vongchavalitkul University. This indicates the process of lecturer and other faculty
staff development to let them improve knowledge, ability, experience, readiness, and academic strength to
perform their task. “Ton Kla Wichakan" integrates learning with task performing for an achievement. The Faculty
of Education needs to improve its own organization in order to enhance its capacity to work on by encouraging
lecturer and staff to obtain knowledge related to work, performing their duties to the best aiming to focus on
the success of the organization and individuals, which is the success and excellence in job responsibility in the
21st century. As the context of the global society has changed over time, a process of knowledge management,
"Ton Kla Wichakan” consists of 7 steps: 1) knowledge identification 2) knowledge formation and knowledge
investigating 3) systematic knowledge management 4) knowledge processing and refining 5) knowledge accessing
6) knowledge sharing and 7) making learning as a part of work. Guidelines of action for “Ton Kla Wichakan" start
with 1) stimulating and encouraging individuals to find out needs for work, 2) learning, seeking and sharing, 3)
advising or mentoring by experienced instructors in the faculty 4) providing a forum and creating opportunities
for research and academic presentations by organizing national conferences for lecturer and staff to present
their works. Thus implementation of the guidelines "Ton Kla Wichakan” of the Faculty of Education is a knowledge
management innovation in the 21st century leading to success of work development, human resource

development and organization development in this new era.

Keywords: Ton Kla Wichakan, Innovation, Knowledge Management
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Abstract

Objective: of this study was to explore the survival rate of colon cancer in male and female patients.

Methods: This study was a retrospective cohort study. All data were retrieved from medical records of
colon cancer patient at Roi Et Hospital from January 1, 2013 to December 31, 2015. The vital status of all
cases was collected until end of the study. Descriptive statistics, Kaplan-Meier method and Log-rank test were
used for data analysis.

Results: Of 318 colon cancer patients, there were 51.89 % female, 48.11% male with the mean age of
61.59 + 13.08 years. The total follow-up time was 5,861 person-months, median survival time 19.0 months (95%
Cl=12.20-36.01). At the end of study 163 patients were death with mortality rate 2.78 per 100 person- months.
Of 153 male colon cancers, the median survival time was 17.4 months (95% Cl=13.10-31.21) with the cumulative
6 months, 1, 2, 3 and 5 years survival rate were 75.53%, 62.95%, 45.95%, 40.23% and 40.23 % respectively. Of
165 female colon cancers, the median survival time was 22.8 months (95% Cl=13.12-37.33) and the cumulative
6 months, 1, 2, 3 and 5 years survival rate were 80.92%, 67.29%, 48.61%, 41.02% and 33.63 % respectively. In
Conclusion the five years survival rate of male patients was 40.23% and female patients was 33.63%. This study

showed that five years survival rate of colon cancer in male was higher than female.

Keywords: Colon cancer, Survival rate, RoiEt Hospital

UA 32 aUuR 2 NSNNIAU - SUDIAU 2562
Vol. 32 No. 2 July - December 2019



1. anuduanuazanudrAgyvastyin

Tsauzidedldlngduilymddaiitan vhland
Auaelsmuzisealdlngjussuna 1.4 duau wasliUae
Uszanal 693,900 AudeTimlul a.a. 2012 Tnguszinaiiil
gUAn1salgelaun eeawmsidy Tiduaudelsy wazniy
aiinunile dauginsaimldin uewin uaziedunans
Taovyngiinievedlanmavdsiigtinisaiganinmnae
(Bray et al., 2018; Parkin, Bray, Ferlay, & Pisani, 2005;
Torre et al., 2015) qﬁﬁﬂﬁzﬁmaﬂsﬂmﬁﬁﬂﬁﬁLﬁuqqéz‘fu
anvvzdiosnan NHANIIUNITAU N1FPBNAIRINEY A1
dminiiu M3GUY NMSANAT UazansHugnITY (Akhter
et al,, 2007; Andrieu et al.,2004; Bongaerts et al., 2011,
Limburg et al., 2003; Pham et al., 2010) 9713IN15A8UDI
r;iiﬂwmﬁqﬁﬂé‘lmgﬁLLuaIﬂuqﬁuﬁUismﬂmw%a O
ausnla Tsuitle wazsade (Cancer mortality in Europe,
2005-2009, Chatenoud et al., 2014)

$ns1sendnuazdadeiifinanednsnsendnves
@ﬂa&ﬁ,iﬂmL%qé’ﬂé‘lmy'mﬂmiﬁﬂmﬁmuuﬂé’t,l,d g1
syuinananden wazidadonvn seauteuleal carci-
noembryonic antigen (CEA) lunszuaidon (Eren et al,
2016) FrpidunziFedldsvosd 3 (Peng et al,2016)
anwarmanensinervesuzisadurila poorly differenti-
ated wag undifferentiated signet-ring cell carcinoma
way poor differentiation MaidunSsaldlvejsvesii 4
n1segnfuvesald nsshwisieiuidn wasn1sunsg
nsznevemnsluudulutadudfuiitnadesns
sonTnvasrUhelsauzisaaldlve) (Rasouli et al, 2017;
Siewchaisakul et al., 2016; Stelzner et al., 2019, Karagk-
ounis et al., 2019)

TsauziSaaldlug dudgmdrfgresdania
Foeidn doyaanmiensidounziidsaineiviaiondn
Fausid .. 2550 F9 Y . 1 2558 fifhelsauzisenldlg
1,093 18 Bsieldiildnnuroutnegauazidlsauzie
Hudgmdrfuaznugaindusu 1 Tu 5 vedlsauzi3ed
Fudlamddydmiulssrmluiuismindendn ua
fahziinenideidatedesionmsilse sassondn
waradeiinadesnssendnvesiielsnuzisadldlng
TussUszimaaauduInLagRaINRagLAn1sAnyIly
Ussindalnedadivos Tnsanigludminiosdadlined
msfnwdnasentnvesUielsauzsadldlnglunae

o1saisunidngnagovdsoanna ]
Journal of Vongchavalitkul University

wazinAnde AetuamgIdedsdiauaulafiaginw laedl
TrguszasiveansIfeiiefnwsnsiseninvesUielse
wzSeanldlualumemneuwazndga

2. 199U3LaAN13IY
iiefnwdnssentnvesiirelsauzsedldlvg
TunArIgLazwg

3. AAnlun1339Y

mﬁ%’%%&ﬁﬁgﬂLLUUﬂWiﬁﬂ‘b}’lL‘fﬁJu Retrospective
cohort study Taeidumsiiusiurindeyadrelsauzise
aldlngidoundennirssidouiUisuastayannmviag
nzilaunsSdsmenuadondn Swminfoedn
3.1 UszansAnen (Population of study)

fonvsuidouvosiuasly yasreidimniuns
Snwilulssmenadosdn sewineiuil 1 uns1au ne. 2553
flafuil 31 Sunau w.a. 2557
3.2 NENA29E19 (Study subjects)

Aonvszlouvedielsauzisednldlng el
ﬁguwmwuamwmajﬁwmu 318 518 Aihsunssnwly
Tsanenunasostdn sevineTuil 1 unsies w.a. 2553 fedy
71 31 $uAu w.A. 2557 uazAdunisAnaEnIUn Y
msiinvesiinennaeaunseitadedinvdodugamsang

AMENUAYDINGUA2DE1S

nsnlouresiineluifiauautfsed 1) fuae
undadldngfamameuazndidundunsinuly
Tsmeuadesdannae 2) isunemraitadudesiuan
wgEiTeney fimsnsaaiden MInTadesndomans
wiln 3) [§Sunsdesndosinduile vienisindn Wiiethiu
\Homnsramanedinguiiodunsusunsitdedelse
3.3 n1sAnAUN13HYINVeeUIE (Follow-up of the
cases)

dinnseaziissezaing i lngseesaInig
AnnuagBudaun Tuiiguasldfumsitadefudunistas
HulsenzSedldlug mndusudumsfismuitasynse
lidesqauningvasasideTiavieduannisiny,
(31 flunas w.el. 2559) du Censored fe ffthenguilliannsn
AnmunsiidinlduaziiheideTinnnaumnduiililslse
wziSaanldlve lnensduaunaznsduduaniunsiyin
vosheliannvszleuithouasnedousiugs

UA 32 auuR 2 NSNNIAU - SUDAU 2562
Vol. 32 No. 2 July - December 2019



12  01sd1SUKIDNYNAUIILBOaMNNA
Journal of Vongchavalitkul University

3.4 faudsiiaulafinen (Variables of interests)
Tunsfnuadsdsudsiladlaléun ong e was

anwagane13Ie1vesiiie laun duniavesnisiin

157, histology grading Way sx8xu8IN1SAnlA laaslus

vanfiaulafinuie mewe uaznends

3.5 %”umaumstﬁuswsw%’ayja (Data collection pro-

cess)

v
a va o

TunsAinwasal{ideladniunsveeuginiu

hY)

wnndeyadiheuazveaugnlitoyanmitensideu
uziSdlsaneuasenidn vaslisunseudd ideleniiu
mMafususadeyadiudsiadasieg adunuunesuiy
Fogannnssuloundrnduidoyadilduiufinady
AaNweslngdtelinIde 1 viw uagyinsnyadeundy
gndesvesteyalneinide iefilunmainiosdeyaiiodly
Tunmsnsgideyaluduneusely
3.6 1aNATUIAIUITBSTIUNTTIAY (The Ethical Con-
sideration)
maieadediidelfiulasansideiieveniosssy
N133989MNAULNTIUNITNIITUNITUETITUNTITE T UL e
lsaneruiasendn aminsesda lagldsunisoyla
PusssunTulenassnaduanil 004/2560 msiiutoya
fhenfunsldsianoyliannsadeslosiudoyavess
Uaeld nmsthiawedoyassfunmsinausluningiy agld
maaueiduneyana wazazliinsameTodtaevie
wwndgyinmssnwilsinsdlagiedu enasiieatostu
midfeiiduteyamnuduresiasiinsvhaneiiimue
ileUaafudoyasinen alva
3.7 sfanidlumsiaszvideya (Statistical analysis)
adafltlunsiinsesideyaUsznouday add
Banssaun loun S Jevay Aade wasdudoauy
WRIFIU MIATRssezUaonnsnsallagldlasaen
winnsalvewaauarlugioas (Kaplan meier survival
curve) uayldaa Log-rank test TunsiuSsuliisuanuuan
FesEinanauiAng

UA 32 aUuR 2 NSNNIAU - SUDIAU 2562
Vol. 32 No. 2 July - December 2019

4.MaN15398UaZRAUTIENE
4.1 wan13398
toyanluvasfieuzsealdlugjwag
foreidumanediuan 153 51 flengade 62.25
U (+SD = 13.37) ongonan 27 U gaan 99 U suvisves
nsiialsaduunidudiunus Sigmoid colon Sesay
29.41 @ colon not otherwise specified $ovay 42.48
dnwaug histology grading drusnnilu Well differentiated
Sowaz 46.41 MmuAY Moderately differentiated Sovag
33.33 Poorly differentiated 5owag 6.54 @11 Not Known
Sovaz 13.73 TavdruunnidugitelsauziSeszesi 3 Sou
av 42.48 svuedl 2 Sovay 27.45 swurdl 4 fovay 18.95
seuedi 1 Sovay 5.88 waz Unknown stage Soway 5.23

[ [

ma;&ammmﬂumiwﬁ 1
ToyanluveastilasuziFaanluajweavds
Fuhemandla 165 518 Togiade 60.98 T (+SD

= 12.28) 91genan 26 U gean 99 U sumtsvesnisiinlsa

drusnndudiunus Sigmoid colon $p8ay 40.00 @i

colon not otherwise specified $owaz 39.39 dnwuy

histology grading drannidu Well differentiated $aeag

41.82 mu918 Moderately differentiated Sovaz 34.55

wag Poorly differentiated Seway 6.67 @11 Not Known

Sovay 1697 ftheidulsauzideszeril 3 Sovay 46.06 svus

7i 2 Sevay 22.42 seeed 4 Sovaz 16.36 svueil 1 Sovay

4.24 uag Unknown stage Jogag 10.91 Yoyanuansly

AN5adi 1



9197 1 Feyariluvesditeussedldlvg)

01sd1SUKIONUNAydIdBoaANNa
Journal of Vongchavalitkul University

13

AN LWAEY
fiawls 37U Sovasz MUY Sovay
(153) (%) (165) (%)
21g(0)
<65 90 58.82 104 63.06
>65 63 41.18 61 36.97
ﬁ'%ag&l + SD 62.25 +13.37 60.98 +12.82
ANFNER:ANGIER 27:99 26:99
FUNUITINISAALIA
Cecum 15 9.80 7 4.24
Appendix 5 3.27 3 1.82
Ascending colon 5 3.27 6 3.64
Hepatic flexure of colon 1 0.65 3 1.82
Transverse colon 9 5.88 5 3.03
Splenic flexure of colon 3 1.96 3 1.82
Descending colon 5 3.27 7 4.24
Sigmoid colon a5 29.41 66 40.00
Colon not otherwise specified 65 42.48 65 39.39
Histology grading
Well differentiated 71 46.41 69 41.82
Moderately differentiated 51 33.33 57 34.55
Poorly differentiated 10 6.54 11 6.67
Not known 21 13.73 28 16.97
538399415A (Stage)
Stage | 9 5.88 7 4.24
Stage |l a2 27.45 37 22.42
Stage Il 65 42.48 76 46.06
Stage IV 29 18.95 27 16.36
Unknown stage 8 523 18 10.91

o = Y < o L 1 a
EJﬂi']‘é'e)WU‘IN°lJEJQQﬂ?ﬂﬂZLiﬂaq‘léﬂMtyIﬂﬂi’JuﬂﬂLWﬂ“U']EJLLaz‘WiUUQ

AUaelsruzSeatdvgdau 318 e Wumandsouaz 51.89 meefovay 48.11 fo1ewdes 61.59 U (SD

+ 13.08) flszazinnm 5, 861 aw/feu lneflisogiunissendn 19.0 e (95% Cl=12.20-36.01) edugansanunil

AUneideTInduIu 163 A usnIIN15 @830 2.78 fa 100 AL/AREU 18RI1TOATIN 6 1iau 1, 2, 3 was 5 U Souay

78.33, 65.20, 47.36, 40.78 Lay 37.09 mma”wﬁuﬁagaﬁqLLamﬂumiwﬁ 2 a'augﬂﬁ 1 wansszezUannnnnisallagsiu

vouUaelsauziseildlng

UA 32 auuR 2 NSNNIAU - SUDAU 2562
Vol. 32 No. 2 July - December 2019



14 01sd1SUKIDNYNAUOIYBOaMNNA
Journal of Vongchavalitkul University

] LY IS v & o | 1 a
M13°99 2 wansdnssenTnveUisu s ldnglae Tumnanenguas g

Median time Survival rate
Survival time 95% ClI 95% ClI
(Months) (%)
6 Months 1.9 1.10-3.20 78.33 73.37-82.49
1 Year 9.9 9.40-10.80 65.20 59.53-70.29
2 Years 17.9 16.0-22.0 47.36 41.26-53.20
3 Years 355 35.5-NA 40.78 34.19-47.26
5 Years 53.9 50.2-NA 37.09 29.80-44.38

NA = Not applicable

1.00

0.75

0.50

0.25
Il

0.00
Il

631
%88 o7 87‘@55955%%4

20

40 60

Analysis time (Months)

gnssantinvasdireussaldlvgwavie

Ataelsnussadldvamemnediuau 153 518 dszesfinnu 2,802 auidou Wedugans@nuiifiededin
117U 81 518 SRTINITESTIN 2.89 fia 100 AL/RDU TL5HFINNITTONTN 17.4 Lhou HTRT150ATN 6 1hou 1, 2, 3 uay

JUT 1 uansszezUasmmnnisallaesiuvesitelsnussaldlng

53 Spway 75.53, 62.97, 45.95, 40.23 waz 40.23 sUaIfu (%a;gaﬁ’mamﬂumiwﬁ 3)

P Y] = D 2 o 1
M1919N 3 LLaﬂﬂ@miqiaﬂ%W%@ﬂﬁﬂjﬂﬂJgLi\‘la"l‘l’s;iiWQJ,LWﬂ‘mEJ

Median time Survival rate
Survival time 95% ClI 95% Cl
(Months) (%)
6 Months 2.3 1.0-3.2 75.53 67.86-81.62
1 Year 9.8 8.9-11.2 62.97 54.64-70.20
2 Years 17.4 14.7-17.9 45.95 37.32-54.15
3 Years NA NA-NA 40.23 31.09-49.19
5 Years 63.9 NA-NA 40.23 31.09-49.19

NA= Not applicable

UA 32 aUuR 2 NSNNIAU - SUDIAU 2562
Vol. 32 No. 2 July - December 2019




01sd1sun1dNUNayoddsoanna 15
Journal of Vongchavalitkul University

gnssaninvasdUreussealdlvaiwands

Ataelsnuzsadldvamendgediuau 165 518 dszesfnnu 3,058 aw/dew Wedugans@nuiifiededia

T 82 seAnludnsigiRnisal 2.68 se 100 AuAdeu Hidsegiunissondn 22.8 weu ddnssenTn 6 WHeu 1, 2,
3 uay 5 U fovay 80.92, 67.29, 48.61, 41.02 Uag 33.63 Mua1fuToyanIuansluns1an 4 dugui 2 uansszezUaon

I3 N =) 1 a
winsalvesUlslsausissaldlamameuas d

P Y a N @ o 1 a
M13°99 4 LansdnsenTnveUisu S ldlnginends

Median time Survival rate

Survival time 95% ClI 95% ClI
(Months) (%)
6 Months 1.8 0.9-4.4 80.92 73.98-86.18
1 Year 9.9 9.4-10.9 67.29 59.25-74.09
2 Years 19.5 15.8-22.9 48.61 39.90-56.77
3 Years 355 32.6-NA 41.02 31.49-50.29
5 Years NA NA-NA 33.63 22.68-44.91
NA= Not applicable
21
y
e
Nl
2 R
o Y
\.:::\L
Tk
ey
8- T
W
_____ ST
° 5 20 40 60

Analysis time (Months)

| ........... Male ——— Female |

JUT 2 uansszezUasavanisaivesiielsaus s dvgmamauazndgs

UA 32 auuR 2 NSNNIAU - SUDAU 2562
Vol. 32 No. 2 July - December 2019



16 01sd1sun1dNYNaydddBoanna
Journal of Vongchavalitkul University

4.2 AUT8KA
TspnziSaanld g dudymdrAynienu
as1saguluUszmaniieg shynaiaavestan fUieasd
AudssiensideTinfigaiesanidulsaiidauguuss
Fensfnwadeliitngusvasdifiefinudnsendnues
W:J}T'J’JEJISMJ%L%ﬂﬁ’ltﬁﬁiﬂuLWﬂ%WSLL@%M@Q%QNaﬂ’]ﬁ{]’B
wansliiiudn JUasuzisenldlugdiadsegiunssentn
Tasaudt 19.0 eu Faflanuusnensinmsanwiivsemea
Fluiwuidlrssegunssendnvesiioogil 29.6 Fou
(Chatenoud et al., 2014) figns1seatn 5 U Seway 73.0
(Peng et al,, 2016) Failmnuuana1sInsAneivsene
WSamamuingthenzSsdldngianisegunissondn 36.2
ioulnenguiindinaziladsegiunissendnlnesn 333
\Wou (Eren et al, 2016) AMULANAIIAINNITANEAT
Ussimmavsgosiniinuindnsnsentnvestaelsnuziis
Sldvguaaldunsidadudusnniieng 4.5 9 (Qiu et
al., 2016) wazdwAnAIaINNSAnYITiUsEINARIATUST
wuigtheiiiniswensallsa & Ununans uazlaid 8w
SaATN 56.8, 25.7 LAz 19.9 inaun1uaisu (Rasouli et al.,
2017) aivinlvisnssendnvostheluusagyszinadl
ANLUANANALELYA992 09197 ANNLTMNaNTT
unngvasusazUszanelivinty dosnnisdhdeusnng
masnuanssaugulsiviaiieniu TnoUssnaiiiamuudogy
JUu ansgenidn diuema axdiannuadyimimisi
wialulagnansnmguagansisaguannnitUssmelng
Snvadszruliaaunmdisfianiuazannsadhiuuing
memsummdlaegnaings Ssenaazdmaliiguaelsnuzss
aldluuszinanige mﬁ’]ﬁﬁé'mwam?ngqﬂdwmﬂwamr}
nylATERteyalUSeulisUsnITenTnve e v IBLaY
wisziuigthelsauzsaldlvgmeednanniisves
LIASEATN 17.4 Lo RII5ATIN 6 LhpU 1, 2, 3 LAy 5
Y Vi%faaaz 75.53,62.97, 45.95, 40.23 lay 40.23 aUd10U
dugUreimangdinannilszeziansendn 22.8 1nou il
IASITONTN 6 LHau 1, 2, 3 war 5 U 5e8ay 80.92, 67.29,
48.61, 41.02 uaE 33.63 MU Fawansliidiuedsdaiau
TEENAnYRiidnTsendnlag Tiugandnnayy w
dassondnvesiUieviegeningUievds Fansdnwd
wansliifiuAuuAnswe T Isendnvesde unaly
UsvinalnauazsinsUssinadaiidos nsdnwadeiidu
swumsAnulugisidniumsnululsmenuia

UA 32 aUuR 2 NSNNIAU - SUDIAU 2562
Vol. 32 No. 2 July - December 2019

Soudainiy yesunazdediinvesnuiduassilae 1Ju
av o & = = = o = o
UINTUNTANYUUIIUNEUDATITOATNYDIN UL

@ o 1 1 a M Y
uz s ld v senamernazinangsgslalandunis
Anwimiadeidesiiinarednsseninveiisnguidnm
FaladunfinodnsnsonTnvesUrelsnuziidldlvg &

[

PNMIENYIARIULNU I T NiinadesnT1TenTND 9
U Tounnsfunssedldssesd 3 nadunziSsesd
4 13 distant metastasis Y059 NARUVRIELE waz
MaunInsznevesssludu  nsfiaduiuianiegs
(Aguero et al,, 2012; Ahmed et al., 2014; Moghimi-De-
hkordi, Safaee, & Zali, 2008; Yuan et al., 2013) &gl
~ = = o P R v A
auAnAITAzEiNIAnwfeladesneg wanlluguenduy

v

ﬂulwaLﬁaLLaﬂﬂﬁLﬁuﬁamwmﬁmmaﬂﬁam%dmaﬁia;&
Ureiilueulnauazazilunisihesdanudilauldlunis
Yulsaagnarilunssnwitheieansnsmadeuas
A aa v g o A @
awnveinsdeinvesiens s ldivgiiduaulne
drugaudvasnisinuluafsiddedUiennsieaiuise
Ansnuanuznmn1sidinlennewasUieyneiinanis
ASIINNNYITINY1BUTUNITINIRLLTALALNISANYIASIH
] a g v & ' ) ' ) a &
Wun5iUS N iue g 19T AU E RO NI SOATNUDNI

ADILNA

5. d3d
= g & Y < oY & o !
nsAnwiassuansliiuingUisuzisadldlgy
wAeiidnssentn 5 U Sevar 40.23 fhenavdilansn
sondn 5T Sovay 33.63 wavasiiuingiemeyielons
IS = oY a
nssendnluszee 5 U aandguieinavis

6. AnANTINUTZNA
ANYHITEVDVDUNTEAMKBIUIENITLTINGIUTR
Foudniiougnbilddoya ieldlun1side wazve
YaunsyaaiInl asid il inutenzifounsisa
Tsanguiadesdaynvinu iliruewnsisikazlinis
@ o - aw o & ' vy A
advayudeyaiielilunsideaudusaqardulsmed



o1saisuni1dngnagovdsoanna 17/
Journal of Vongchavalitkul University

19Na189199V

1. Aglero, F., Murta-Nascimento, C., Gallén, M., 7. Chatenoud, L., Bertuccio, P., Bosetti, C., Malvezzi, M.,

Andreu-Garcia, M., Pera, M., Hernandez, C,, ...
Macia, F. (2012). Colorectal cancer survival:
results from a hospital-based cancer registry.
Revista Espanola De Enfermedades Digestivas:
Organo Oficial De La Sociedad Espanola De
Patologia Digestiva, 104(11), 572-577.

2. Ahmed, S, Leis, A., Fields, A., Chandra-Kanthan, S.,

Haider, K., Alvi, R., ... Pahwa, P. (2014).
Survival impact of surgical resection of primary
tumor in patients with stage IV colorectal
cancer: results from a large population-based
cohort study. Cancer, 120(5), 683-691.

3. Akhter, M., Kuriyama, S., Nakaya, N., Shimazu, T,

Ohmori, K., Nishino, Y., ... Tsuji, |. (2007).
Alcohol consumption is associated with an
increased risk of distal colon and rectal cancer
in Japanese men: the Miyagi Cohort Study.
European Journal of Cancer (Oxford, England:
1990), 43(2), 383-390.

4. Andrieu, N., Launoy, G., Guillois, R., Ory-Paoletti, C,,

& Gignoux, M. (2004). Estimation of
the familial relative risk of cancer by site from
a French population based family study on
colorectal cancer (CCREF study). Gut, 53(9),
1322-1328.

5. Bongaerts, B. W. C., de Goeij, A. F. P. M., Wouters, K.

A. D., van Engeland, M., Gottschalk, R. W.
H., Van Schooten, F. J., ... Weijenberg, M. P.
(2011). Alcohol consumption, alcohol dehy
drogenase 1C (ADH1C) genotype, and risk of
colorectal cancer in the Netherlands Cohort
Study on diet and cancer. Alcohol (Fayetteville,
N.Y.), 45(3), 217-225.

6. Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L.,

Torre, L. A, & Jemal, A. (2018). Global cancer
statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36
cancers in 185 countries. CA: A Cancer Journal
for Clinicians, 68(6), 394-424.

Levi, F., Negri, E., & La Vecchia, C. (2014).
Trends in mortality from major cancers in the
Americas: 1980-2010. Annals of Oncology:
Official Journal of the European Society for
Medlical Oncology, 25(9), 1843-1853.

8. Eren, T., Burcu, B., Tombalak, E., Ozdemir, T.,

Leblebici, M., Ozemir, I. A., ... Alimoglu, O.
(2016). Clinical Significance of the Glasgow
Prognostic Score for Survival after Colorectal
Cancer Surgery. Journal of Gastrointestinal
Surgery: Official Journal of the Society for
Surgery of the Alimentary Tract, 20(6), 1231-
1238.

9. Karagkounis, G., Thai, L., Mace, A. G., Wiland, H., Pai,

R. K., Steele, S. R, ... Kalady, M. F. (2019).
Prognostic Implications of Pathological
Response to Neoadjuvant Chemoradiation in
Pathologic Stage Il Rectal Cancer. Annals of
Surgery, 269(6), 1117-1123.

10. Limburg, P. J., Vierkant, R. A, Cerhan, J. R, Yang, P.,

Lazovich, D., Potter, J. D., & Sellers, T. A.
(2003). Cigarette smoking and colorectal
cancer: long-term, subsite-specific risks in a
cohort study of postmenopausal women.
Clinical Gastroenterology and Hepatology: The
Official Clinical Practice Journal of the
American Gastroenterological Association, 1(3),
202-210.

11. Moghimi-Dehkordi, B., Safaee, A., & Zali, M. R. (2008).

Prognostic factors in 1,138 Iranian
colorectal cancer patients. International
Journal of Colorectal Disease, 23(7), 683-688.

12. Parkin, D. M., Bray, F., Ferlay, J., & Pisani, P. (2005).

Global cancer statistics, 2002. CA: A Cancer
Journal for Clinicians, 55(2), 74-108.

13. Pham, T.-M., Fujino, Y., Kikuchi, S., Tamakoshi, A,,

Matsuda, S., & Yoshimura, T. (2010). Dietary
patterns and risk of stomach cancer mortality:
the Japan collaborative cohort study. Annals
of Epidemiology, 20(5), 356-363. [Online]
https://doi.org/10.1016/j.annepidem.2010.02.002

UA 32 auuR 2 NSNNIAU - SUDAU 2562
Vol. 32 No. 2 July - December 2019



18 01sd1sun1dNYNaydddBoanna
Journal of Vongchavalitkul University

14. Peng, H-X, Lin, K, He B-S et al. (2016). Platelet-to- 18. Siewchaisakul, P., Suwanrungruang, K.,

lymphocyte ratio could be a promising Poomphakwaen, K. S. & et al. (2016). Lack of
prognostic biomarker for survival of colorectal Association between an XRCC1 Gene
cancer: a systematic review and meta-anal Polymorphism and Colorectal Cancer Survival
ysis. FEBS Open Bio 2016; 6(7):742-50. in Thailand. Asia Pacific Journal of Cancer
15. Qiu, B., Ding, P.-R., Cai, L., Xiao, W.-W., Zeng, Z.-F., Prevention APJCP, 17(4), 2055-60.
Chen, G,, ... Gao, Y.-H. (2016). Outcomes of  19. Torre, L. A., Bray, F., Siegel, R. L., Ferlay, J.,
preoperative chemoradiotherapy followed by Lortet-Tieulent, J., & Jemal, A. (2015). Global
surgery in patients with unresectable cancer statistics, 2012. CA: A Cancer Journal
locally advanced sigmoid colon cancer. for Clinicians, 65(2), 87-108.
Chinese Journal of Cancer, 35(1), 65. 20. Yuan, Y., Li, M.-D., Hu, H.-G., Dong, C.-X., Chen, J.-Q.,
16. Rasouli, M. A., Moradi, G., Roshani, D., Nikkhoo, B., Li, X.-F., ... Shen, H. (2013). Prognostic
Ghaderi, E., & Ghaytasi, B. (2017). Prognostic and survival analysis of 837 Chinese
factors and survival of colorectal cancer in colorectal cancer patients. World Journal of
Kurdistan province, Iran: A population-based Gastroenterology, 19(17), 2650-2659.

study (2009-2014). Medlicine, 96(6), e5941.

17. Stelzner, S., Radulova-Mauersberger, O., Zschuppe,
E., Kittner, T., Abolmaali, N., Puffer, E., ...
Witzigmann, H. (2019). Prognosis in patients
with synchronous colorectal cancer
metastases after complete resection of the
primary tumor and the metastases. Journal of
Surgical Oncology. [Online] https://doi.org/
10.1002/js0.25578

UA 32 aUuR 2 NSNNIAU - SUDIAU 2562
Vol. 32 No. 2 July - December 2019



o1sd1sun1dNunayoddsoanna 19
Journal of Vongchavalitkul University

nIsAnuwanIsinSsunda-01naldnaunisdoinaovnsovanlainn
Tugidouniinsoulnsunisnsovnnnsevu:iSudldlnnjldnse
An Outcome Study of Colon Cleansing before Colonoscopy among

Patients of Colorectal Cancer Screening Project

Received : June 13, 2018 99351 A33N®I, We.U. (Achara Srirugsar, B.N.S.)"
Revised  : September 5, 2019 vuniwand Waulyd, a.a. (Nuntiput Putthanachote, Dr.P.H.)*
Accepted : October 4, 2019 AU5IAYY &9%7, W.U. (Narongchai Sangsa, M.D.)’

unAngo

Faguszasd: ileAnwanuazeinvosdldlugjfeinsliien Sodiumphosphate solution (Swiff®) 2 adasa
funsauganszuaznslion Swiffe 3 asalimugassuasalddelumasiiuniai 2 33

s msdnwadsiifunmsfnuidmssauiseiiumafununadeyaannavesdouresieiidi
funsasadansedtsauzisedldlulasinsasiadansesueidadldlvgldnseiilsmenviadondn seninetuil 1 &
31 N3NAN LA 2560 1 130 318 utsitheeenidu 2 ngu Ao nguil 1 wssummazeindldlvgsnonislvien Swiffe
45cc. $1unm 2 A SAUMIEIUYINTE F1UU 72 318 Uar ngufl 2 wisueuazerndldlvgiienislien Swiffe
a5cc. $1unu 3 %y warliiaugaansy S 58 918 MeeswiteyalagldaiRdamsnn

wan1sAnen: fihenguil 1 dulngdumavdedosas 62.50 o1g1adn 59.98 T (SD = 6.35) wanisnisasindes
Sldnuinuazemvesaildnguil 1 amnwazen Very poor Foay 1.38 Poor feway 12.50 Fair foay 37.50 Good
Souay 47.22 uaz Excellent Jova 1.38 fflhonguil 2 Mednilngdumamnesosas 51.72 01giade 60.45 T (SD=6.35)
ANNATDINVDIALARIENISYIN SWIff® 3 ANAYeIn Poor Seuay 1.72 Fair Sosa 17.24 Good Seeas 62.06 uay
Excellent $ovay 18. daudildtslumaniougihese swife 2 adsdwmiusiosaniy 4,165 U siosiens 4,127.50 U
d9UN15% Swiff® 3 ﬂ%y’aﬁm%’uﬁaamﬁﬁy 4,465 UM VoA 4,427.50 U NE13LABATU N1SLHSEUAINAEDIN
vosd e Enslien Swiff@ 3 aduarliaugansy anuavenaesdldeiy Good wagsesy Excellent funnni
nawneadenslien Swiff® 2 aduavaugannsseuuey duaildieatudndes

o o L al o 1 1 ;% o ;74 < o 1 v
AANARY: NSwIENANEZRE e, nsdesndesald, uuiSanldlugldns

"ngunudaenssy Tssmweuiadesidn danindeuidn

(Devision of surgery, RoiEt Hospital, Roi Et Province, Thailand.)
2 dinaide Tsanenunaisedn dawiniosion

(Research Office, RoiEt hospital, Roi Et province, Thailand.)

? nguaueIgsnssy lssmeuiadendn daminsenidn

(Division of Medicine, RoiEt Hospital, Roi Et Province, Thailand.)
"{Wgunan (Corresponding author)

E-mail: nuntiput101l@gmail.com

UA 32 auuR 2 NSNNIAU - SUDAU 2562
Vol. 32 No. 2 July - December 2019



20 o1sd1sun1dNunayoddBoanna
Journal of Vongchavalitkul University

Abstract

Objective: The aim of the study was to compare outcome of colon cleansing by Sodiumphosphate
solution Swiff® 2 times with soap suds enema and Swiff® 3 times with non-soap suds enema before colonos-
copy and cost of 2 methods.

Methods: This study was a descriptive research. Data were collected from medical records of patients
in the colorectal cancer screening project at RoiEt Hospital from 1 to 31 July, 2017. The total numbers of study
subjects were 130 cases, divided into 2 groups. Of 72 patients in group one was cleansing colon by Swiff® 45cc.
2 times, 2.00 pm. and 06.00 pm., with soap suds enema. Group two, 58 cases, were cleansing colon by Swiff®
45cc. 3 times, 2.00 pm., 06.00 pm. and 04.00 am. with non-soap suds enema. Descriptive statistics were used
in the study for analysis.

Results: Of 72 cases in group one, most of them were female 62.50 %, mean age 59.98 years (SD =
6.35). The colonoscopic visualization were: Very poor 1.38%, Poor 12.50%, Fair 37.50%, Good 47.22%, and Ex-
cellent 1.38%. Of 58 cases in group two most of them were male 51.72 %, mean age 60.45 years (SD = 6.35).
The colon cleansing results were: Poor 1.72%, Fair 17.24%, Good 62.06%, and Excellent 18.96%. The cost per
case among patients in group 1 staying in common room was 4,165 Bath, private room 4,127.50 Bath, while the
cost per case among patients in group 2, staying in common room, was 4,465 Bath and private room was 4,427.50
Bath. In conclusion, this study revealed that the percentage of good and excellent of colon cleansing prepara-
tions by Swiff® 3 times and non-soap suds enema (group 2) were higher than preparations by Swiff® 2 times

and soap suds enema (group 1). Whereas, the cost of the two methods were not significant difference.

Keywords: colon cleansing preparations, colonoscopy, colorectal cancer
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Abstract

Objective: of the study was to develop guidelines for prevention of surgical site infection after cardiac
surgery in a tertiary care center hospital.

Methods: This was a participatory action research study conducted in a tertiary care center hospital.
They were 27 staffs in multidisciplinary team, 90 patients with heart surgery and 84 relatives, a total of 201
participants. The study conducted from January to September 2017, divided into 4 phases: Phase 1: studying
the situation of risk factors of infection, wound care and postoperative care after heart surgery; Phase 2: pre-
senting the situation and identifying guidelines; Phase 3: implementing of the guidelines at Cardiovascular-Tho-
racic Surgical Intensive Care Unit and Phase 4: making conclusion and evaluation. The tools used in the study
were 1) data recording form of situation, 2) observation form for care practice, 3) satisfaction questionnaire and
4) demographic data form. Data were collected by observation, inquiry, brainstorming and answering a ques-
tionnaire. Percentage, mean, standard deviation and content analysis were used to analyze data.

Results of the study: displayed a guidelines for prevention of surgical site infection after Cardiac surgery
consisted of 8 items; 1) data of wound transferring each shift, 2) wound care and evaluation, 3) wound dressing
with 2% chlorhexidine in 70% alcohol, 4) applying chest band, 5) controlling of blood sugar, 6) providing health
education, 7) Surgical site infection surveillance, and 8) using registered nurse for evaluation. Percentage of
guidelines compliance was 92 percent. Personnel satisfaction at a high level was 100 percent and patient and
family satisfaction at a high level was 90 percent. Surgical site infection rate was reduced from 0.75 in 2016 to
0.41 in 2017. Accordingly, guidelines for prevention of surgical site infection could help reduce surgical site

infection after cardiac surgery in Cardiovascular and Thoracic Intensive Care Unit.

Keywords: Surgical site infection, prevention of infection guidelines, cardiac surgery
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Abstract

Objective: of this study was to develop a discharge planning model for pediatric patients with pneu-
monia using family or caregiver participation.

Methods: this research and development study Participants were 338 family or caregivers of pediatric
patients with pneumonia admitted in Khon Kaen hospital from 1st October 2015 to 30th September 2016, and
15 registered nurses. The data were collected from medical records and interviews. The development process
consisted of 3 phases; 1) exploring situation, analyzing problems and needs of model development for discharge
planning of pediatric patients with pneumonia, 2) developing a discharge planning model and implementing,
and 3) evaluating results. Descriptive statistics were applied to analyze qualitative data: frequency, percentage
and content analysis was used to analyze qualitative data.

Results: Results of the model development: 1) the situation analysis demonstrated incorrect care
behaviors of caregivers, with readmission rate at 7.5 percent in 1995; 2) the developed discharge planning
model consisted of 3 parts: 2.1) a new flowchart of discharge planning for pediatric patients with pneumonia,
2.2) a teaching and training program for caregivers, and 2.3) nursing standard for pediatric patient with pneumo-
nia. Results of the model implementation revealed that readmission rate was decreased from 7.5 in 2015 to
7.1 percentage in 2016. Percentages of caregivers passing the knowledge testing criteria was 82, percentage of
caregivers skills was 90, nurse satisfaction rate at high level was 86.7 percent, and caregivers satisfaction rate at
high level was 93.3 percent. In conclusion, the developed discharge planning model using family and caregiver
participation could optimize effectiveness in discharge planning. Therefore, this model can be used as a guide-
line for pediatric patients with pneumonia in other places.

Keywords: discharge planning, pediatric patients with pneumonia, family or caregivers participation
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Abstract

Objectives: The objectives of this research were to study 1) the basic formula of tiger nut milk
production, 2) the amount of stabilizer in the product and 3) the acceptance level of the consumers.

Methods: This research used a Randomized Completely Block Design (RCBD) by comparing values with
Duncan’s new multiple range test (DMRT) method at confident interval of 95%.

Results: The results of the research showed that the proportion of tiger nut-to-water 1:1 received the
hishest average sensory scores for appearance, color, smell, texture, taste and the overall preference. The
scores were, 7.00 (SD +1.05), 7.30 (SD +1.06), 6.70 (SD +1.16), 6.30 (SD +1.89), 6.70 (SD +1.76) and 6.70 (SD +1.70)
respectively. The amount of stabilizer in the product at 1% carrageenan received highest average sensory scores
for appearance, color, smell, texture, taste, feeling in the mouth, feeling while swallowing and the overall
preference. The scores were, 6.87 (SD +1.20), 7.03 (SD +1.22), 6.67 (SD +1.52), 7.13 (SD +1.22), 6.77 (SD +1.57),
7.00 (SD +£1.26), 6.73 (SD +1.41) and 6.93 (SD +1.36) respectively. All of the consumers (100 %) were interested
in ready-to-drink jelly, tiger nut milk, and were willing to buy 50 grams of product at the price of 8 baht.

Keyword: drinking jelly, tiger nut, carrageenan
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Ingredient Tiger Nut: water Tiger Nut : water Tiger Nut : water Tiger Nut : water
1:1 1:2 1:2.5 1:3
Percent percent percent percent
Tiger Nut 47.62 31.75 27.21 23.81
Water 47.62 63.49 68.03 71.43
Sugar 4.76 4.76 4.76 4.76
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Table 2 Sensory preference of 4 formulas of Tiger Nut milk

Sensory Formulas
Tiger Nut: water Tiger Nut : water Tiger Nut: water Tiger Nut: water

1:1 1:2 1:2.5 1:3
Appearance 7.00° + 1.05 5.80% + 1.48 6.70" + 1.57 5.50° + 1.72
Color 7.30°+ 1.06 6.00" + 1.56 7.00" + 1.05 570+ 1.25
Smell™ 6.70 £ 1.16 6.10 + 1.37 6.40 £ 1.35 570 £ 1.16
Texture™ 6.30 + 1.89 590 + 1.52 5.40 + 2.32 5.80 + 1.69
Flavor™ 6.70 £ 1.76 6.50 + 1.18 5.40 + 1.95 6.00 + 1.76
Overall™ 6.70 £1.70 6.60 +1.35 570 +1.83 5.90 +1.37
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Table 3 Sensory preference of 3 formulas of Tiger peanut milk jellies

Sensory Formulas
Carrageenan mix Carrageenan mix Carrageenan mix

powder 1% powder 1.5% powder 2%
Appearance™ 6.87+1.20 7.07+1.12 6.63+1.26
Color™ 7.03+1.22 7.20+1.03 6.83+1.44
Smell™ 6.67+1.52 6.57+1.80 6.47+1.74
Texture™ 7.13+1.22 6.70+1.47 6.43+1.83
Flavor™ 6.77+1.57 6.77+1.57 6.50+1.96
In mouth 7.00°+1.26 6.67%°+1.37 6.13°+1.98
Swallow™ 6.73+1.41 6.50+1.46 6.33+1.88
Overall™ 6.93+1.36 6.73+1.29 6.50+1.64
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Abstract

The acid rain is a result of the air pollution from the burning of fossil fuels, such as coal, natural gas,
and oil, from electricity production and industries. Acid rain is the result of chemical reactions of sulfur dioxide
(SOZ) or nitrogen dioxides (NOZ) with moisture in the air (HZO). It is in the form of sulfuric acid (stoa) and nitric
acid (HNOB). The reinforced concrete and the structure of steel buildings were in the acid rain for long time
periods. The buildings may were affected by acid rain to their strength and life of using.

Objective: The objective of this research was to study the effects of acid rain on the maximum tensile
strength of reinforcing steels.

Methods: The examples of steels were soaked in nitric acid and sulfuric acid at the concentration of
0.5 percent, 1 percent, 2 percent and 3 percent by moles per volume of solute. The samples were soaked for
15 days, 30 days, 45 days and 60 days. Then the maximum tensile strength and the lost weights of steels were
compared.

Results: This study revealed that both the acids types soaking with the increasing of concentrations
had a significant effect on the decreasing of the maximum tensile strength of steel. If the concentration of
sulfuric acid and nitric acid were the same and the durations of immersion in both acids were equal, the max-
imum tensile strength of steels soaked in sulfuric acid was decreased significantly compared to those soaked
in nitric acid. Comparison of the maximum tensile strength of steel soaked in nitric acid and sulfuric acid at the
various immersion periods. This study also indicated that the longer the immersion time of the steel the high-

er the amount of the decreasing of the maximum tensile strength of steel.

Keywords: acid rain, tensile strength, reinforcing steel
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Abstract

High entropy alloys (HEAs) are novel materials containing more than five elements in equimolar ratio
compositions providing complex and versatile microstructures and mechanical properties with different
conceptual from previous alloy materials. However, preparation and production methods of HEA are difficult
melting techniques and not economically reasonable. Many previous researches produce HEA specimens by
using high purity raw materials and sophisticated methods such as laser metal deposition and spark plasma
sintering.

Objective: The aim of this study was to propose the method for HEA production by using the simple
melting method combination with the locally available raw materials producing HEAs serving applications those
requiring good combination of strength and hardness.

Methods: Main elements used for producing HEA specimen in this study were consisting of Al, Cr, Cu,
Fe and Ni in equimolar concentration. HEA samples were prepared in several melting weight of 200 g, 100 g,
50 g, 40 g, 30 ¢ and 20 g which each condition was melted by using direct arc method in refractory crucible.

Results: Microstructural investigation by optical microscope and scanning electron microscope (SEM)
observing from 100 g, 40 ¢ and 20 g samples showed highly segregate dendritic structure of the AlCrCuFeNi HEA.
As-cast structure revealed lamellar matrix structure consisting several alloy phases including Cu-Al rich phase,
Fe-Cr-Ni and Cu-Al-Ni-Fe phases and rod-like chromium carbide dispersed in the matrix structure. Large amount
of carbide presented in all samples especially in 100 ¢ HEA sample due to carbon dissolved from graphite
electrode during direct arc-melting combining with chromium from raw materials resulted in chromium carbide.
Microstructures of small weight samples showed lower amount of carbide formation as the shorter arc melting
time which limiting the carbon from electrode dissolving into the melt. Microhardness test results of all HEA
samples were superior to other commercial alloys. The localized microhardness test of 50 ¢ HEA as-cast
sample showed the highest hardness data in the range of 707.4 — 819.9 HV1 which was much higher than those

of hot-work tool steels.

Keywords: High entropy alloys, Direct arc melting, Microstructure investigation, Hardness
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1. Introduction

HEAs are “those composed of five or more
principal elements in equimolar ratios” (Yeh et al,
2004). HEAs have caught attention from many researchers
for their unique properties and versatile applications
in various industries (Murty et al, 2014). These properties
were proposed to be from the four-core effect:
high-entropy effect, sluggish diffusion effect, severe
lattice distortion effect, and cocktail effect (Yeh, 2006).
A number of criteria has to be met in order for solid
solution HEAs to be form which are compiled from

empirical data and summarized in Table 1 (Guo, 2015).

Table 1. Guideline for material selection conforming

to the solid solution HEAs.

Variable Criteria

Entropy of mixing: (AS ) Max value

Enthalpy of Mixing: (AHmiX) -10 to 5 kJ/mol

(Tm Asmix) > 11
(AHmix)
Atomic radius mismatch: & < 6.6%

Valence Electron Concentra-
tion: VEC

> 8 for FCC, <6.87
for BCC

Where T s given by

T = Z ¢i(Trm);

i=1

and (Tm)i was the melting point for the ith component
of the alloy.

The most of recent methods used for produc-
ing of HEAs were prepared by melting the high purity
materials that was usually 99% purity in a vacuum
chamber using heat from an arc generated between
the electrode and materials (Butler, & Weaver, 2017).
On the other hand, other method such as spark plas-

ma sintering prepared by using powder metallurgy
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(Zhou et al, 2019) and laser metal deposition (Chen et
al, 2017) have been the successful techniques for
producing HEAs as well. However, the current process-
es are costly and requiring high purity materials which
are not economically suitable. Therefore, this research
work aims to produce HEA using a simpler method and
economically available raw materials.

In this work, we used AlCrCuFeNi as the 5 main
components for producing HEA samples by using di-
rect-arced melting method in order to provide the
technique for HEA production that was based on the
availability and economically reasons. This HEA system
is similar to alloy composition and dual phase structure
of FCC and BCC which has been reported that the
hardness increasing with higher aluminium content (Li
et al, 2008). The FCC-BCC dual phase structure of
AlxCoCrFeNi alloy has been reported in higher yield
strength than its single-phase FCC structure without
loss of its ductility due to the interphase boundaries
in its eutectic lamellar structure (Gangireddy et al,
2019). Therefore, the AlCrCuFeNi alloy system in this
study will be expected to contain the FCC-BCC dual
phase lamellar structure with high strength and good

ductility as the previous literatures.

2. Experimental Procedure
2.1 Preparation of HEA samples

Aluminium rod, copper rod, SR24 steel rod,
Ferrochromium (FeCr) and Nickel ingot were used as
raw materials for producing HEA alloy. The chemical
compositions of raw materials were summarized in
Table 2. In this study, the raw materials were prepared
in equimolar concentration of 5 elements in the system
of Al-Cr-Cu-Fe-Ni alloy.
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Table 2. Chemical composition of raw materials for producing HEA alloy.

Raw Materials %Al %Si %Fe %Cu %Mn %Cr %Ni others
Al rod 89.5 0.589 >7.20  >0.480  0.880 >0.30  >0.144  0.295
SR24 steel rod 0.017 1.01 96.1 - 0.880 0.321 - 0.972
Cu rod - - - 99.9 - - - 0.1
Ferrochromium ingot - 0.001 34.48 - - 69.52 - -
Nickel ingot - - - - - - 99.0 0.1

Direct arc method was applied for melting HEA samples by using an AC arc welding machine MID-500T
model with carbon electrodes arc in refractory crucible as shown in Figure 1. During melting process, HEA sam-
ples were prepared by varying the melting weights as 200 g, 100 g, 50 ¢, 40 ¢, and 30 ¢ in order to observe the

microstructural homogeneity of HEA alloy in each melting condition that constraint with melting energy limita-

tion of the equipment.

2.2 Microstructural and mechanical properties
Microstructural examination of the AlCrCuFeNi
HEA samples were investigated by optical microscope
and field emission scanning electron microscope
(FE-SEM), Auriga Zeiss. Preliminary evaluation of the
microstructural composition of phases was analyzed
by using energy dispersion X-ray spectroscopy (EDS)
equipped in FE-SEM. Micro-Vickers hardness test was
used for preliminary evaluating the mechanical
property of the HEA samples by applying a load of 1
kgf (HV1) for testing. The properties results were

compared to other high strength commercial alloys.

3. Results and discussion
3.1 Microstructural observation of as-cast AlCrCuFe-
Ni HEA alloy

The as-cast of AlCrCuFeNi alloy samples with
different melting weights are shown in Figure 2. The
raw materials of smaller weight samples were well
mixed during melting process and resulted in more
uniform structure of AlCrCuFeNi HEA alloy as clearly
seen on 100 ¢ sample in Figure 2(b) comparing with
200 g sample in Figure 2(a).

All samples were etched with Villella’s before
microscopic and SEM examination. At 100x and 400x

magnification of as-cast microstructures in Figure 3

consisted of dendritic structure due to the chemicals
segregations during solidification which was normally
found in high alloy materials. SEM micrograph of
as-cast samples in Figure 4 revealed the lamellar
structure matrix with large metal carbide as rod-like
structure (grey) which confirmed by SEM-EDS point scan
in Figure 5 and 7 and SEM-EDS map scan in Figure 6.
The compositional analysis from EDS suggested that
the carbide particles would be M7C3 (M = Fe,Cr). The
hexagon M7C3 carbide particles were mostly observed
in the 100 ¢ ingot but they were not found in the 20 ¢
sample (comparing in Figure 3 and Figure 4). For the
large samples, the longer arc melting time would allow
the higher carbon content from graphite electrode
dissolving into the melt and combining with Cr in the
melt resulting in more amount of those polygonal

carbide particles.
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Carbon electrodes

Refractory crucible

Raw materials of 5 elements AICrCuFeNi HEA alloy
in equimolar ratio

Fig 1. Schematic diagram of direct arc melting trial process to produce HEA alloy in this study.

(a) 200 g sampI

- ¥ -

5

(c) 50 g sample (d) ' sample (e) 30 g sample (f) 20 g sample

Fig 2. As-cast samples of AlCrCuFeNi HEA alloy in various trial melting weights of (a) 200 g, (b) 100 g, (c) 50 g,
(d) 40 g, (e) 30 g and (f) 20 g samples.

(a) 100 g sample (100x) (b) 40 g sample (100x) (c) 20 g sample (100x) (d) 20 g sample (400x)

Fig 3. As-cast microstructures of (a) 100 g, (b) 40 g, (c) 20 g sample at 100x magnification and (d) 20 ¢ samples

at 400x magnification.
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Fig 4. Backscattered electron micrograph of as-cast structures of (a) 20 ¢ sample and (b) 100 g sample were

observed chromium carbide (rod-like region) in the lamellar structure matrix.

Point At atomic%
Fe Ni Cr Cu Al C
1 20.44 6.27 21.67 - 2.93 47.56
2 5.40 - 299 23.09 4.47 64.05
3 5.05 20.97 - 13.34 9.88 50.80
4 - - 42.52 - - 5748

Fig 5. SEM-EDS point scan results of each phase areas in as-cast microstructure of 20 ¢ sample.

SEM-EDS point scan results of 20 ¢ HEA sample
showed several phases in different chemical
compositions in Figure 5. At point 1, the elemental
compositions analysis suggested that it was Fe-Cr-Ni
alloy phase. Cu-rich alloy phase and Ni-Cu-Al alloy
phase found at point 2 and point 3, respectively. The
chromium carbide phase (rod-like structure) was
presented at point 4. The chemical compositions
distribution that characterized by SEM-EDS map scan
result of the 40 ¢ HEA sample shown in Figure 6 was
corresponding to the elemental distribution as earlier

discussed. In addition, the SEM-EDS point scan result

of 100 g HEA sample in Figure 7 also observed Cu-rich
Ni-Al-Fe alloy phase at point 2 and chromium carbide
at point 1 which similar to the result observing in 20 ¢
and 40 g HEA samples microstructure. The results in
figure 7 at point 3 found some small phase consist
mainly of Al and N which nitrogen in air might be
reacting with aluminum during melting to form
aluminum nitride embedded in the matrix. Moreover,
the EDS linescan composition of lamellar matrix
structure in the 100 g HEA sample in Figure 8 showed
that the darker band region in the lamellar structure

contained Cu-rich phase while the brighter band region
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contained Cu-Al rich alloy phase which these result
similar to the compositions of phase in the matrix of
HEA samples shown in Figure 5 to Figure 7. As a result
of HEA melting data, the smaller weight samples needed
shorter applied arc time. This would lead the melt not
thoroughly mixed and caused varying localized
concentration of the main elements. For larger weight

samples, the longer arc time would introduce more

amount of carbon from graphite electrode dissolving

Lol LI

——, ———

Cr Wl

i Lasi_Y —_——

Foial

[ S

————

into the melt resulted in the more chromium carbide
particles in the HEA microstructure.

Therefore, further work would be recommend-
ed using tungsten electrode instead of the carbon
electrode to prevent carbide formation from dissolved
carbon into the HEA melt during the melting process.
Moreover, in order to prevent the melts interacting
with gases in ambient atmosphere, the inert gas purg-

ing would be applied to cover the melt surface.

Fig 6. SEM-EDS mapping scan for the as-cast microstructure of the 40 ¢ HEA sample.

At atomic%

Point —5 2 Ni Cr  Cu Al C N 0
1 18.14 51.79 30.07
2 1000 2353 4810 1721
3 42.77 5359  3.64

Fig 7. SEM-EDS point scan results in as-cast microstructure of 100 ¢ HEA sample.
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Fig 8. SEM-EDS line scan results for lamellar structure (matrix) of 100 ¢ HEA sample.

Fig 9. Indentation of microvickers hardness test results in microstructure of 50 ¢ sample in different areas that

shown hardness of 707.4 va in (a) and hardness of 819.9 va in (b).
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Table 3. Hardness data of the HEA samples comparing with other commercial steels.

Conditions HV HV HV HV HV
0.1 0.2 1.0 5.0 30
20 g sample 451.6
- 655.2
40 g sample 375.1
-523.7
50 ¢ sample 707.4
-819.9
200 g sample 419.7
- 5155
SS316L 200 140
Carbon steel 55-120
H13 (before heat treatment) 200
H13 (conventional heat treatment) 600

* 100 g sample was used for SEM and XRD (not included in this report) characterization and

good enough for hardness testing

3.2 Hardness data of as-cast AlCrCuFeNi HEA alloy

The micro-vickers hardness test results of
AlCrCuFeNi HEA alloy samples in as-cast condition
comparing to others commercial alloys are shown in
Table 3. For microhardness testing, chromium carbide
phase region had to be avoided during the micro-
indentation test. Hardness data of all HEA samples
were significantly higher than other commercial alloys,
especially H13 hot work tool steel in conventional heat
treatment condition (quenching and tempering). HEA
sample of 50 ¢ had the highest mean hardness over
of all the samples. The region of indentation and
hardness value of 50 ¢ HEA sample are shown in figure
9. The reason for 50 ¢ HEA sample higher hardness
value than others is unclear. The hardness of 20, 40
and 200 g HEA samples showed similar hardness even
though 200 g sample which microstructure containing
lamellar structure matrix and large amount of carbide
that was as same as the 100 g sample microstructure
due to localized hardness test area not including the

effect of hardness of chromium carbide phase. As a

UA 32 aUuR 2 NSNNIAU - SUDIAU 2562
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sample was not

result of preliminary evaluating the hardness property,
it might be applying this alloy to create the HEA
materials or multiphase alloy with novel properties for
high hardness and high strength such as tool materials

and structural applications.

4. Conclusion

In this preliminary study for producing
AlCrCuFeNi HEA materials by using direct arc technique
can be achieved to get homogeneous melt samples
for small weight sample up to 100 g due to limitation
of the equipment power source used in this work
which only allowed to prepare the samples in the
experimental scale.

The microstructural characterization of the
AlCrCuFeNi HEA samples in this study mainly observed
the lamellar matrix structure consisted of Fe-Cr-Ni alloy
phase and Cu-rich-Al alloy phase, rod-like chromium
carbide and polygonal M7C3 dispersed in the matrix
due to the carbon from graphite electrodes dissolved

into the melt during arc-melting operation.



The hardness data of these HEA alloy showed clearly
superior hardness property to other commercial alloy
materials which can be developed for the application
that require high hardness and high strength.

For the further work, the interested topic for
microstructures and properties of the AlCrCuFeNi HEA
alloy improvement is to homogenize the as-cast
structure and tailoring the microstructures and

mechanical properties through thermal treatment.
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