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Abstract

Fiber cement composite is a popular building material produced using advanced

manufacturing processes such as the Hatschek process, autoclave, and air curing. Fiber
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cement products find application in various scenarios, making it necessary to develop
their mechanical and physical properties. However, the movement of moisture within the
product leads to a reduction in its lifespan. This research aims to create a water-repellent
fiber cement product with consistent properties throughout the material by incorporating
inorganic compounds such as zinc and aluminum. The specimens underwent mechanical
property testing using a universal testing machine. The results showed that the modulus
of rupture and the modulus of elasticity of the specimens exceeded industry standards
at 9.5 and 8161 MPa, respectively. Physical attributes were evaluated, including bulk
density, water absorption, and a contact angle test. It was found that the density of the
resulting product increased, and water absorption decreased. The resulting product
demonstrates water-repellent properties across its entirety, with a maximum contact
angle test measurement of 133.5 degrees. Elemental composition was analyzed using
scanning electron microscopy (SEM) and Energy Dispersive X-ray Spectroscopy (EDS)
techniques to determine the presence of the newly formed phases, namely Calcium zinc

hydroxide dehydrate and Friedel’s salt.

L LGUEEEY Composite material; Fiber cement material; Water-repellent properties;

Aluminum compounds; Zinc compounds

1. uni

a o

HaR ST IWLUDSTIUA (Fiber Cement)1u Ao yYuBwusivaiauaus (Portland Cement)

1918 (Sand) Ta@aLasuLsa (Reinforcement) 1ag

q

Tanneasnlasuanuteneganntudagdu
Tnganunsaldanuliianmelutezaeuenetans  Tullagduasienliidule 2 viefe Wulowaglaa

LY U [ ! 1 . = < ¥ A a
TugUuuurestansuuswaziananus lnsusiaz  (Cellulose Fiber) Fsagiduiduloiinnannsssuei

ARSI ALYNIUTUMIENTEUIUNTHAAUUY o ENLANURTING waztduledumas1eu

wanida (Hatschek Process) antiunan o
aegnuumidluan1izun (Air Curing) taznela

Aunuleunas (Autoclave Curing) Livelvile

[

HARATTTAMUUT S uuluynanInnis

'
[ a al

T Tmgaunldlunisudndanlniuesdwud

q

(Synthetic Fiber) 1ilaaaeta5uaNununIu [1]
a = (3 Ao o I a 1

anuilapaAusenaufdAnyfie a1siauLe
(Admixture) lngaggnldiitoUSulaudi ve
WinUsgansamuesian 9nfilananiundneiuy

i ndndaeilnvesduudaunsagnideula
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wmeluasaeuen wimngnululdeunels
anmsiifanudsunlasanndasuneusn
ogstaiilos i Tuanmsoutugs avdenali
Annsuaninidene puudalsakasengns
THuanas naldefenaiinainnisasauues
ANLATEA (Stress) Melulassaiiavesiandu
Juwaninisidsunlasvuin (Dimension
Change) MAAIINN5IAREUFIIINAINTY
(Moisture Movement) [2] uaﬂﬁ]’mﬁ ANTET AU

Y & H o [ = LY
mvasrutukazditudan Aiduntlslulady

~ ' a

NALLSINTALAN WAZNITHUINVDUTDIINAY

qauvdeng 9 Ndudunseseauan

(% (%
[

FefuemAdelunadell Fajatunswam
AR e ST wuARTlauTRRAwlusuns
Aumnudunaziut (Moisture and Water
repellence) wiolilaundnanfasiiifiany
uSaussummustensidaufianmundeusis
mmelutazmeusn deauUasinananunse
Mmlalegldansifuumsinninansusenoueiuvse
Tmnansuseneaudingd (Zinc Compounds,
Z0) \ioansusznevdangd yhufAzeniadiiu
Yugudvasauaus deaviliiinansusenay
yialmitululaseadne Afauifdutaglivey
i (Hydrophobic Materials) d@swalinidu
uAnfauatlivesduudadalnififausinng
futh (Water Repettence)iﬁaéﬂﬂaL?jam [3, 4]
pgnslsinu ansusynevdansdlaudRiduimiag

(Retarder) [5] UfA3en

lawmstu vosuduuivesnuaus daaliaany

(%
=

WIILSININBANKREZITINAaNa sBLnLlia
Fuduseaiinsldansiss (Accelerating Agent)
aﬁ’wmﬂﬁﬁazqﬁlﬁw (Aluminum Compounds,
A0 uesdusenou ileisafizenleinstues
Juguddasanaud Winduniiieuwin vive
wnnIvenau [6] ililadanluiuesdwud
silalnfiuenanazdaudinieiunisiu
udn SllantfnisniennuaziBeng wieanin

WINTFIUNRAEMNTTY [7] wazanlniues

2D

cala v )
LNUWWN@%WW@JW@QW@’]@VVJIU

o

2. 389 gunsal uazdsnis

2.1 Faquazgunsaiildluauide
(Experimental Materials and Equipment
for Research)

2.1.1 749 (Experimental Materials)

Fanildlunswanudunaaeulnived
Fruudiided YuBiuddesauaud (Portland
Cement) 1518 (Sand) Je9a3aus¢ (Reinforcement)
whilewaglaa (Cellulose Fiber) ldulodunsnes
(Synthetic Fiber) taganstiuuas (Admixture)
Falgun ansuszneudansd (Zinc Compounds,
ZQ) fimsaUsznounanae Zinc Hydroxyacetate
(Zn5(OH)5(CH5CO,),+4H,0) waza1susenau
azqﬁLﬁﬂm (Aluminum Compounds, AC) 3
29AUSTNBUNANAD Aluminum Chlorohydrate

(ALCIHGO,)
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2.1.2 gunsal (Equipment)

gUnsaiflilunuiseaded] wseenidu
2 Ussinnile Ussnniinil gunsaldmiusieu
uen I wdosdunau (Hobart Mixer) 13os
é’@%ugﬂ%mm (Pasadena Machine) Wueiosile
ﬁwﬁ’ﬁﬁuﬁugﬂ Fiber cement product lag
Wz Fmdnniswiloudu Vibrating filter press
machine LLazﬁaU%umu (Dryer) UszLnvilaos
gunsaifldlun sl viantd leun in3eailo
ﬁuﬁﬂqmwgﬁ (Temperature Recording Device)
\SeamndEULSIRNUTZAN (Universal Testing
Machine) \n3aiionsudura (Static Optical
Contact angle Meter) gunsaldmiunaaey
mimi@ﬂ%uﬁ’l (Water Absorption Testing
Equipment) kazgunsaldmsunageusnIy
LU (Bulk Density Testing Equipment)

2.2 75115 (Methodology)

2.2.1 nsweudrunauieldlunis
AnszauTouvesuisenlamsdu

NINAFBUYBILIIENUINA@1TUTENBY
danednSevay 3 ﬁuaafﬂwﬁﬂyju%muﬁ dawa
Tiansrduiselawstuvesyudiuud

[ |

[8, 9] usillndiAeariugnsends wasludnsay

' £%
a1 1 Y

PaaNasaauUANISAULUING TuuAe T
INF1AIUANTUTENDUFINEARINANT WL
Aovanlaunsldaisissufisenlanstund

a < 13 - o ! aaa
pzailluyUduDINUIZNOU LNBNINIILIUNNTYN

lawnsturesyudiuudlviiisuminvsoninnin

Yuuivasauaun lngvinsuasyugiuug
Uodanaunianisiiuaisussnevdensduay
asUsznovergiidlon fusnsdniovasd
Wisfnanasdussneundn [9] fauandluniss
7 1 @rshefulagiinisuauuiis (Ory Mixing)
ntudnihaddudiunanwiafimsonlide
é’mﬂﬁaufﬁﬁiagu%muﬁﬂaﬁmLLauﬁ (Water to
Cement Ratio) 71 0.35 vnistudrunause
1383 Hobart Mixer 1utian 2 wiil WInQAY

v aa

& o o < o
NRUALINUAN AN WL UYL AAVY (Slurry)

M19199 1 gATHANIANISANEANLTOUUSATEN
lawmstuvesyuiiuuduosnuaud lilevinisiiu

a1suszneudangd wazansusznevsvaliiiluy

Composition (Yow/w)
Sample Portland
ZC | AC
cement
Ref. 100 0 0
HO 100 3 0
H1 100 3 1
H2 100 3 3
H3 100 3 5

2.2.2 m3lameiaadouiinatuan
Ufisenlawnsdu

dunaueIounsed 1 6¥un1snean
aouAASeuTiintuanufasenlenstu
oiadesiletuiingumgil (Temperature

Recording Device) #uu1#195114 ASTM C186-98
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(Standard Test Method For Heat of hydration

of hydraulic cement) Iﬂaqmﬁgﬁﬁﬁﬂ%umﬂ
UfAsen1smennuseussgnduiinyn o 30
Fuit daurBuduaunseinuuiiselansdu
2.23 mstugUTusumagou
yhmsinsudengnsiidAnismeniy
Seudnufiselawmsdulndifgaiugnsansds
FadugrsiltlunsndnndnsasiiiuosBiuud
Unit Useneume Yuduiiainuaun nsgasden

watAUlELASULTI ANUDRTIAIUAILEAIILAITN

'
a

7l 2 gnsfiiden fio gns SHO MiimaivansUszney
fanvdi 3% lneihvdnuesesduszneundn
uazgns SH1 AfinsiAnansuszneudansa 3%
LLazLaumiﬂizﬂauazqﬁLﬁamﬁuﬁuﬁluﬂ%mm
1% Tnenninuesessusznoundn naungiu
ARG 9 1WIPeAUlABIENITNENLAY (Dry
mixing) 1unan 2 ud anduduniaugon
nenuafeo e snsduiheyudiuud
Uasnuaus (Water to Cement ratio) 71 0.90
Funan 30 Fuit Mnturhnstudiunaude
Lfﬁlax‘i Hobart mixer ﬁﬂﬁ:ﬂﬁﬁ 218 SaURDUYI
(RPM) Jurian 30 3undt uasdusiefianudy
416 seusaUNTl (RPM) LTuwian 1 wiil aunghu

1% a a I3 v
YNUUANNUA UanwaueUuuanaIvu (Slurry)

1% v
o = [

N15TUUAIEA3099RTLIY (Pasadena) tu
FUNUINLUBSTUUANTYUIN 8 WU, X 16 Y. X

0.6 .

M13199 2 drunanlun1stugurunulnives-

YLaum
Formula
Materials (Yow/w)
Ref. | SHO | SH1
70. 70.
Portland cement 70.5
5 5
25. 25.
Sand 25.0
0 0
Cellulose fiber 38 | 38 | 3.8
Polyvinyl alcohol (PVA)
iy 07 | 0.7 0.7
fiber
Zinc compounds (ZC) - 30 | 30
Aluminum compounds (AC) | - - 1.0

2.2.4 n15U (Curing) Fuarunadey

Thiunuinieuniude 2.2.3 urunng
ﬂmﬁqmmﬁ 70 parwalua Wuszevna 1
$u arnturiinisundusunieldernaun
(Air curing) \Juszezinan 1 7 uay 14 Ju Ay
10U

2.2.5 NTNAADUANUARIY

BunuiiunsUndenan sty
umedeuandRsie o ferelui

2.2.5.1 msvedeuaNUanena (Mechanical
properties) feeses Universal Testing Machine
(UTM) 8198399108195 1SO7500-1:2004

(Standard Publication Metallic materials —

Verification of static uniaxial testing machines)
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LAENAFBULTIRAIBUUY 3 90 (Three-Point
Bending Test) vilulaaudfinisnasiy 9 w9
Furumaany Téun Auepdanisunnsin (Modulus
of rupture, MOR) ﬁwaﬂmﬁmﬁuwasﬂaaﬁa
iu warAmegdataveu (Modulus of elasticity,
MOE) 1Husiivsuanaruansnsalunisiain
fusswihaduloaSuuseuiioniu

2.2.5.2 N15NAADUANTANIINIEAIN
(Physical properties) fiastoluil nsmaaeuen
AUV (Bulk density), mi@m%mﬁw (Water
Absorption) auIM5§1U ASTM C20-00(2022)
Standard Test Methods for Apparent Porosity,
Water Absorption, Apparent Specific Gravity,
and Bulk Density of Burned Refractory Brick
and Shapes by Boiling Water

2.2.5.3 mvagevauTRnsiuh awnse
@ﬁ’ﬁLﬁumiéf’gaﬂﬂiﬁmsmﬁgﬂiﬂwammﬁwﬁ
\nreguuiiuia TnsnisTnguduiaszaing
swathfuiiui (Contact angle) AUUIATFTIU
ASTM D7334-08(2013) Standard Practice for
Surface Wettability of Coatings, Substrates,
and Pigments by Advancing Contact Angle
Measurement

2.2.5.4 MIAATIEVTMHaTDIAUTENDY
FENABIPaNIIAUBIANATOULUUABINTIA (SEM)
waginalla Energy Dispersive X-ray Spectroscopy
(EDS) B%e Jeol $u JSM IT-510 Aussdulyiii

15 Alalhan (kV) waznseuabnin 30 aduauwkus

ol

(MA) eTAT19E 9 ueR NN (Qualitative
element analysis) Anwsmaluesruszneu

Tuduaunaaeou

3. NAN1SIVULATILATIZINA

3.1 N135A8A2UTaUYRIUHATEN

lownsdu

——REF

= === HO (ZC 3%)

— . — H1 (ZC 3% + AC 1%)

= = -H2 (ZC 3% + AC 3%)

woeeeee H3 (ZC 3% + AC 5%)

Temperature (C)

UMW 20 b
U201 L

T uwee 1ys

° 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
Time (hr.)

dl a aaa U
ad 1 nsmluansranisiinufizenlansdu
A a 9 =
WalauasUsznaudsngd uazansusenay

availfley asluluyudmudinugnsdiunay

nnsmifiansluawil 1 wuiieins
meANLTeuYeIUisenlawnsturosudiuugd
Uasauaus Wleduansusznaudenyad 39 Ing
dminvesesduseneundnyiliiinniswing
Ufiselamstuveyuduud lngdunalaan
naldlunisudei Wisduan 5 dalus 38
Wi Wy 7 92l 7 und Teedloduansusznou
dangdaludrunanyudiuuddasauaud
asUsznoudengdasdniufAtenduh e
Wudsngdlansenlan (Zinc Hydroxide, Zn(OH),)

aaa 1

Auaun1sh 1 anduinuiseseiieiu
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lansond@alesau (Hydroxide lon, OH) iin
Judsnydlosou (Zincate lon, Zn(OH),?) A
wandluaunisi 2 antudansdlossuazdn
iufAsendusaa@eslessu (Calcium lon,
Ca*d) Mnyuiudvesauaud induunaidey
lonsondTsAwy (Calcium Zinc Hydroxide
Dehydrate, CaZn,(OH)4z+2H,0) [10] Fafuans
Tuaunisil 3 neufisendasfniuiediee
desauninansussneudnydezmunly anndu
whadeuloauIvarunsai i jasendu
Fanmleoau (Silicate lon, Si0,") 3NYuiuud
Uosnuaus (Tricalcium Silicate, 2(3Ca0+Si0,))
wazlonsendalenou Naluuradendainalomsn
(Calcium Silicate Hydrate, 3Ca022Si0,23H,0)
wazupa@oulansenlus (Calcium Hydroxide,
Ca(OH),) muann37l 4 Faduufizelawnstu

Yoy uBuAUasaLaua [11]

Zn?**t 4+ 2H,0 - Zn(OH), + 2H* (1)
Zn(OH), + 20H™ - Zn(OH)4~ 2)

2Zn(0H)?™ + Ca?* + 2H,0

2(3Ca0 - Si0,) + 6H,0
- 3Ca0 - 25i0, - 3H,0 + 3Ca(OH), (4)

Walfnaisusenouazgilileuiiiuiy
TudSuad 1% 3% way 5% Lagulintinuad

29AUSENBUNAN danavinliianiglunis

uSasanaadu 5 9219 3 Ui, 4 Halus 2 undl
waz 2 ¥lug 48 undl suansu Tnpansuseneu
ovgifloudwiifBentuiiAnduorgiiden
lansanlan (Aluminum Hydroxide, A(OH);)
uazarsuaulaeanlyn (Carbon Dioxide, CO,)
vioinilusrglilley lansenlyd (Aluminum
Hydroxide, [AUOH),]) wazmaslsslooou
(Chloride lon, CU) fauansluaunisfi 5 uaz
auns 6 awadu a1sUsznevdengdlugy
vosdansdlansontes vinUfAsendu
Asuauleeanlen iadudsnzdasuaius
(Zinc Carbonate, ZnCO5) ANENNNTT T A

AYNOUAINT seuuIldauIsaLaRIaNI

nsvuaUazele

Al,(CO5)5 + 3H,0 - 2Al(0H); +3C0,  (5)

AlCly + 3H,0 — AL(OH)5 + 3HCL  (6)
AL(OH)4 + OH™ = [AL(OH),]~  (6.1)
HCl+ OH™ - Cl” + H,0 (6.2)

Zn(OH), + CO, —» ZnCO3 + H,0 (7)

4Ca’t + 2Cl” + 40H™ + 2A1(0OH);
i 3Ca0 " A1203 " CaClZ * 1OH20 (8)

wananll wraleslansanledainnisia
Uisenlawnstuvesyudiuudvasawaun nu
aun1sn 4 annsainufnsenlemsturiuiy

Inawihlgisendvevaiillenlansonlus wae
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ﬂa@lﬁ@n@@@u mmumiﬁ 6 Lﬁﬂlfﬁu \ndeTing
(Friedel’s salt, 3Ca0OsAl,05+CaCl,+10H,0)

[12, 13] mwaunisi 8 sewniduluaive

=4

T¥anlunisudeiiEitu dsainnismeans
WU sUsznovesgiilend 1% 1ou
U'%mmﬁmmsauﬁqmLﬁaamﬂﬁnaﬂumi
uiaslndiAssyuiimusivosmuaudlddush
97994 (Ref))

3.2 duUAeNg

NNANITNAFDUNUNMENUFALTING F19
wanslunmii 2 was 3 vestunulviuasdiusd
fisludruesauendanisuaniin (MOR) uay

o A 1

Awegaatavey (MOE) Lﬁmqﬁu Tnefusuil
fnmsiuansfuussvnansussnoudangd
waransUsenavesailiiuy dwalvirnaudfidena
wnntusgsadlunn 1 Franavesnista
waziilothefildanmmagey nsuatuay
Tuanmzun@dunan 13w v nuisudisuiuan
1NATFIUNgAENINTTY Aaflanslunnsiedl 3
waz 4 wudidldA1 MOR Uay MOE gdningms
$ads Bamadanariinanufitenlawmsiu
Aauiuiy dawalviflosdusenauvanndofing
(3Ca0AL0,*CaCl,*10H,0) TulAseasne e

LASUAMNLT LT AN [12]

[ 1 Day B 7 Days [ 14 Days
15.00 4

12.50

45 11.55
10.65 10.9

MOR (MPa)
-
o S
o o
o o
1 1

0.00

Ref.Air Cure SHO SH1

AT 2 ANNBRRANITUANYIN (MOR) ¥83gns

dunalunsUFUTLILAINA15197 2

A1519% 3 A1LBRAANITUANYN (MOR) w89

JUUNNITUY 1 TU

. . . finnsua 1 4y
ABgaanITHANYKN (MOR)
(MPa)
Ref.Air Cure 7.99
SHO 8.72
SH1 9.50

[ 1 Day g7 Days [ 14 Days

14000 -
12000 -
10000 -
8000 4
6000 -~

MOE (MPa)

4000 -+
2000 4

Ref.Air Cure SHO SH1

AW 3 Aegdagangy (MOE) vaegnsdiu

HaAnlUNSVUFUTUINUNIUAITI9N 2
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M13199 4 Aeadadaviey (MOE) Y0eBuauy

ANNSUY 1 U

_ .- . finsuu 1 S
AugaaEaugy (MOE)
(MPa)
Ref.Air Cure 6564
SHO 7955
SH1 8161

3.3 dUUANIINIENIN

ANHANAFDUANRUILU (Bulk Density)
Wagn13ATun (Water Absorption) FauaRA3
Tun i 4 wag 5 wudlananiiglunisuusiig
U AU UUVDITUIUILLNLVY dUEUUR
P ~ & iy aa a
AunsaguinlaganludununinsEy

a

asifuus sneannansuseneudensd uay
asUsenevergilitley %ﬁ@hmi@m%mfwamaq
2 whidlawisufutunudieddduyn 4 aaaan
Y095V FawasinainaInesfusEnoud
Aetuludfe wral@uulensenddediam
(CaZn,(OH)¢+2H,0) wazindofLna

(3Ca0-ALO5+CaCl,s10H,0) Liiudy

| 1 Day

7 Days 14 Days
200 - ] % ] %

1.641-68 1651697
155

150 N 361'42“16

1.00

Density (g/mm?)

0.50

0.00

Ref.Air Cure SHO SH1

AT 4 AIAURUILLL (Bulk density) U949
gosdruranlunsTusUTuUliue ST
MIUATSIN 2

W 1Day | 7Days W 14Days
40.00 -
& 3000 -
24.84
c 22.54
% 20.53
§ 20.00 -
Q 2.52 12.41
© 10.5111'85 10.47
;L; 10.00 7.66
=
0.00 -
Ref.Air Cure SHO SH1

A 5 AINseaTun (Water absorption)
vosgnsaunanlunsuglrunuliues

=~ 3 A
PLUUNFIUHNITNNN 2

3.4 guUAnnsiuth

nanadauaLURNSHuTAENSNAdeY
yuduila (Contact angle) fauandlunwil 6
wuh SuniliiuesBuudidnisiuansUseney
Fanzan 3% (SHO) uaviusuAtnsansUsznau
dangan 3% swAuansUsenovezgiiilond 1%

a0 o o A

(SH1) umyudunan 124.80° hag 133.50° pnu

3

o o <

APV TIANRINANIALUINAINTU 3 11 Lawieu

'
a1 [

futuaugeda (Ref) ifiiuududaegi 41.50°
%qﬁmmé’mﬁaﬁmdnuaﬂﬁqé’ﬂwmwm‘tﬁuﬁa
Tagainansnedt 3 uandlifiuinituiovestuny
PflsBuansiuuns fosdusznounnaide-
lansondTeaLsn (CaZn,(OH)ge2H,0) wag
\NFoTlna (3Ca0-AL0CaCl,r10H,0) Histu
Tlpssaddlngesiusynausdewini wand
autfvosnsliveuth (Hydrophobic) Faautif
fananazavvisulimiuisauaiunsalunisg

AUUNVDINANA N
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A157199 5 ANudNRuSuesuUIn Contact Angle Tunwi 8 A5 EDS LaniAnudunus
AUANYUTNURD ST WU Y AD Fy1adve9sidendinga
Tald uazlnu X A nasuessdendlumniag
Contact Angle 4o da X o v
- Surfaces 299 keV aianinndulugiunasuazaonndes
( ) 9 d' ¢ Iy A o a ¢
fusaiduesdusznoulutunuiinnsing ey
0 <80 Hydrophilic . . .
- awnesu EDS wufinveassiguAa@ey (Ca)
0 = 80°-150° Hydrophobic ,
P9nLAU (O) Fanou (Si) uay dnzd (Zn) @9
0 > 150° Super hydrophobic

A0MNAARINUANNITLATIVBITUIUNAFDUNLINNG

WNA1SUSENaUdINd dnavnliiawraial

lansanTBIAEN hazhAateuTaNALaLATH

FIFDAPARINUINUIIBUBY Nazari, A. way S.

Riahi (2012) [15]

(n.) (®.) (A.)
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