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ABSTRACT This study examined the effect of water-to-binder ratio (/#/B) and phosphate-to-binder ratio (P/B) on the flow, setting
time, compressive strength development, and pH variation of magnesium-potassium phosphate composites, MKPC mortars. Ten
mortars mixtures were prepared with the W/B varying from 20% to 40% at each P/B of 0.3 or 0.5. The hydration products and
microstructural pore distribution of the MKPC pastes were investigated using X-ray diffraction (XRD), scanning electron
microscope (SEM) and mercury intrusion porosimetry (MIP). The initial flow and setting time of MKPC mortars tended to decrease
with an increase of P/B, indicating that the final setting time was shortened by approximately 24% when P/B increased from 0.3 to
0.5. The slope of the early-strength development measured in the MKPC mortars was considerably higher than that of cement
concrete specified in code provisions. For obtaining a relatively good 28-day strength (above 30 MPa) and a near neutral pH (below
9.0) in MKPC mortars, the P/B and /B need to be selected as 0.5 and 30%, respectively. The strubite-K crystal increased with the
increases of P/B and W/B, which leads to the decrease of the macro-capillary pores.
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oof] ATtell A= MPCO] W& pH 54-& &-8-3fo] -3
FAA G ouj R o] mpzh gl B g el AL AR ER
A G87FsA S B7FstaAl gk o] & flE MPC EEEF
= 94 HH SrA 7;” x-]]/\]f:'— _?4 iy 7] oq?_izq )\]_o:l éb‘]—zH]j]
(phosphate-to-binder, P/B) & -7 3t Al 4] (water—to-binder, W/B)
7]'MPC REEEO] 54, A5, W% Y pHell v A=
FS H7Feksdth 3 MPCO] FEAS #4132 8|
%1 " (mercury intrusion porosimetry, MIP) 33 7}-& A A|
F JHRS A E-0) A Ol m) M2 B4 S Qe X A
178 -4(X-ray diffraction, XRD), % A}& 7] 7 (scanning electron
microscope, SEM)S- ©]-&-3F o] m] %] Bl AJ 7524 (energy disper-
sive spectroscopy, EDS)S A A 3} T}
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Ao AHEE A7) A2 Table 101 20Fsto] LR
Stk MKPCS &+ ¥9=:<1 vl1ulAlok(magnesia, MgO)i=
1,500°Cel| A 222d A1Z1 AlAar 1Y) Al 9K dead burned magn-esia)
oM, == 98% oA 07 FHARS AREEI T Mg0O2]

H] A2 2,560 cm¥/ge]™ W EE 3.50 g/em’©] T} HH3-A
A=A Z AR JAAPEE2- Al 114§ (mono-potassium
phosphate, KH,PO,) ©. % pHE 4.960] ™, == 2.34 g/em’©]
Tk A 2 QIAPZF 9] 25 = 98% o] Abo] v, Faral Al E-S AL

Table 1 Material properties

Densit Specific
Materials ( g/cm3})l surface area | Purity (%)
(cm*/g)
MgO 3.50 2560 98
KH,PO, 2.34 - 98
H;BO; 1.50 - 99.9

Table 2 Mix proportion of mortars

Goroith 22 A g ol AR ZE A= KS L1SO 679¢1

A Q8= 180 71+ Rl 2 W= 2.6 em’/go| ™, o ]

A A 295 247 2 mm W 2.930]tF. MKPC 2] w2 7 3}
of

w2 2171 RS 98] WE 1.5 g/em’ D)
SAA QA = A3 T

&-*HKBoric
acid, H;BO;) &

2.2 HIE YAl

PELdA] }9} AL A& Foll AEF o
B dEs 978k A aketth nha|Alobs} Q142 o]
EHo® 119] W&z v Hv, ARS-H = 1Ak ]

Fol whek 2 (1) 32 ek g & etk

MgO+XH,PO+5H,0 — MgXPO,-6H,0 (1)

SHAIRE mRIId| Al obe} QAR 2 wi-g- w2 SR whg-st
of wkrd| Aok 2k Erlof whE A W-gAYg el FAA
o} o2 Qlal] w2 whirdiA ok ke Rl R gl €
o} oI5 argfste] of ] Aol M= MPCe] F57d =] 2
wol a3l PIBE 03~05 H 2 Frbska Qlok)

skt oA R FALS A S W 34 S5+
ufj-- v =, QF R O]' 7t~E 8 fal 7k E E st Al Eh
o] SR F thH] TASE W Fal 7k o] gl Q)
Abgol ‘3}:’—‘4]’\10} 2 slE fle T2 AMEE a1 QlTE

o] Aol A= mE2U| A oF-Q1AFA-F A] Wl E(magnesia- pota-
ssium phosphate cement, MKPC) E.ZE}2 9] F=7) % Hhy]
& 318 3ke], PBE 0.3~0.59] 912 A7 53 th MKPC 2]
LS vl o thEt wiBe] P = HESH| S8 PIBE
03 2 052 A5 o, 2} Q14 Hlof| A WIBE 20%,
25%, 30%, 35% X 40%= WA stE TUCH B& REEE )
ol A Eal-A g Au](S/B)= 2% o H, A}JAIZE g RE 9
&l BAHE AFAY] 4% AHEEFITE 7 Wl wE
MKPCi= 54 574 3l 4= sg7HE 913 BREE2 Al A9}
pH % wAlF 2 A4S 95 Fo] AER 77} A& ek gl o

. Unit weight (kg/m®)
Specimens W/B (%) S/B (%) - -
Water MgO Phosphate Sand Boric acid
0.3-20 20 2 154.2 539.5 231.2 1541.5 30.8
0.3-25 25 2 185.5 519.5 222.6 1484.3 29.7
0.3-30 30 2 214.7 500.9 214.7 1431.2 28.6
0.3-35 35 2 241.8 483.6 207.3 1381.8 27.6
0.3-40 40 2 267.1 467.5 200.3 1335.6 26.7
0.5-20 20 2 150.9 377.1 377.1 1508.6 30.2
0.5-25 25 2 181.7 363.4 363.4 1453.7 29.1
0.5-30 30 2 210.4 350.7 350.7 1402.8 28.1
0.5-35 35 2 237.2 338.8 338.8 1355.2 27.1
0.5-40 40 2 262.2 327.7 327.7 1310.8 26.2
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MKPC R 2E}= 9] G54 H71= Q3 =72
KS F511I(AHE 28§ Z 7 go]E)oA] 1%

o] &3 AHE-8F] KSF 51052] A W o whe} 2
S TE S A7 73S KS F 2436(3%S) A g ol ©

A E SAANT A W)l me @224 mme] A
AHg-8F] MKPC EL2BF2 0] 2 (A 3k=55N) B T4 (A
FE=43TN) AbE ST FAE] D% KS F
5105(77373 AW E B2 EFE 9] oF =7 I Al i) ol whet
50 x 50 x 50 mm Afo] =8 REELE AIFA S Al o
™, 500 kN &-%F2] RF5 A 5.4 9 7] (universal testing machine,
UTM)AHE-3Ee] A7 34178, 12213E 14, 3, 7% 2 28 o
SFATE pHEl 739 BEEE - 9] o] 3
S =Aal7] Y&l KS F 2103(Z9] pH @t =44
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Table 3 Test results of mortars and pastes

= ARt Al 19,39 79 5128 oﬂ SK o}@t}
E2FMKPCe] WEg- A= Bl vAl =5 B Sl
XRD, SEM B! MIP £} 2 2 A 3} T} XRD, SEM 5! MIP 1
A A RE oI AE FHZ 10 mm £/ 9] 3P 07 A%
ST XRD 9L SEM 241 &] A% Al & AF s v o=
wafste] S7gskal.om, MIPS] 73510 < 10 x 10 mm % B €]
A5 AREEEe] ANt RE A RE A dH e A
g F Abg-shalth

3. #d &4
31 B2

MPCK E.2E}2 9] 22+ P/B0.3 9 0.59 w] w/B2] W3}
of whet 2+2F 100~ 195 mm 2 100~ 170 mm o] ¢ = Lhek
W THTable 3). MKPC R 2EF2 0] Z 2= p/p7} Qo2
WIB7} =575 7 et B3-S YERI S th(Fig. 1). PIB
= WIB7F 7HE B 20%
(0.3-20)°1141 100 mm = W=+20] 52 A akA] ¢kght. 0.3-20

(e) 0.3-40
Fig. 1 Shapes of flow of MKPC mortars (FP/B=0.3)

(d) 0.3-35

Setting time (min) Compressive strength (MPa) pH (paste)
Specimens Flow hrs days days
(mm) | Initial | Final
3 12 1 3 7 28 1 3 7 28
0.3-20 100 5 23 8.6 14.1 16.2 17.3 242 26.0 9 9.1 9.3 9.5
0.3-25 105 8 31 1.8 13.0 21.1 22.9 29.1 35.1 9.2 9.2 9.4 9.5

0.3-30 125 25 100 1.0 9.2 14.8

16.4 21.0 29.3 9.1 9.2 9.5 9.5

0.3-35 150 25 140 0.6 6.1 13.0

17.8 | 20.18 | 25.0 8.8 9.2 9.5 9.6

0.3-40 195 40 204 0.4 2.9 9.0

10.7 14.3 17.9 8.9 9.2 9.6 9.6

0.5-20 100 2 30 5.4 14.1 18.5 20.6 24.9 28.2 8 8.3 8.5 8.8
0.5-25 100 13 38 6 16.9 20 30.2 32.1 36.6 8 8.4 8.1 8.8
0.5-30 115 25 75 3.8 20.1 29.2 36.4 39.9 44.7 8.3 8.6 8.8 8.8
0.5-35 135 30 95 1.3 13.7 26.5 34.8 37.4 45.1 7.6 8.2 9 9.1
0.5-40 170 45 174 1 7.2 244 29.3 31.9 40 8 8.5 9.1 9.1
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o M= A7) o] B53 AR HolEe] Bl Al B
ZERZ F 9] Qo] Fu A= 374-S YERI S THFig. 1(a)).

o]= ko B WkE U] A}-6-550] B w0 7 ke )
P/B7} 0.3Y Wl MKPC .2 E}F2 9] W/BH] 7} 25%, 30%, 35%
2 40%%2 ZF7Fgke wek 2 23= 242 105 mm, 125 mm, 150
mm % 195 mm=E Z7}3ti ). o) = w/B7} E7 gkl whe B
ZEFZ W) A7 SobekaL, o= Ao Rbs e AU &
SR W 0 wekE T o) 9F - 3 F PIB7F0.5
Ql BB H S oM = AR gl

SEAIZH

oN

MKPCHEZE}Z2 2] 3 A4S A3 p/B0.32] 45 WIB
7he] W& MKPC 2 EFZC] 24 W A A7 #7#5
405 2 23 ~204% m4°ﬂ 2121 © M (Fig. 2), P/B 0.52] 73-%-
o= ZHz} 2~ 454 9 30~ 1743 ¢l AU TH MKPC &

ZEFZ = WIB7Y Sl whet 24 9 4 A3k Fotst
= %S YeER =l 53] WiB7F25% o] 8k w Zé L
FA AR ZHZE 135 2 38% o]3tE A3t wE A 2
Q%\%\;} ‘:’]'11—‘“ } }\]_oﬂ/] H}O © XL oﬂ7]u]—_0_oiKH2PO4
7} &3 v pHE Y50 MgOE £ A1 711, €3l ¥ MgO
© AT RES-SFo] mEd|Alof Q1AEST B3k E w2 A
A3 Dot el MKPCE Al E 9] S A EA]of| A 1}
Elubs f27] d2do] flol wE -S4 %*é% ZH7 #ot o
Eof o9 &2 v el A W/B7} TS HEEE
o] &9 A A F2 T 71l | th(Table 2). T 718 A A
+ MKPC EZEFE oA 81eh4] gkg-& S7FA] 7] ] =
o], o] 2 <13 MKPC .2 E} 2= W/BQ] 749} 8H7 -3 A A
Zro] ghotzith,

rl

of

2).

MKPC R =ZE}= 9] FAA S PIB7} SHE+5 571818l
th. o] 1A vl &0 T QIANE 8- 9] s v}
7kt HEga o] ol 7] wiitolth dRkA o= ni

HlAJob= &0l % =R oFom 2Hggdex LTt
MKPCU] Q1443 &) vl o] F7ah= o] A &S
s, o] 9 & B ol A ml | Aot wihE SRR &
&l =] o] QIMEA #} Whg-sHA| Atk whebA 52 P/BO Al MKPCO)

250
—6— Initial(P/B=0.3)
200 —8— Final(P/B=0.3)

.g --0-- Initial(P/B=0.5)

=150 -3-- Final(P/B=0.5)

g

.%D 100

p=1

A

50
0
20 25 30 35 40
WIB (%)

Fig. 2 Setting times of mortars
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FTAAEE Frobd 4= 9t
3.3 =4

P/B Y W/B W3l & MKPC E2EF=29] A5 E =
3} Fig. 3o YEFAGITE MKPC R 2EF29] A9
=735 = P/B0.57F0.3 TiB] ot ow, wiB7t F7t e
T AFAEL 2= Frrekad vk Bt oF 46% (12.3 MPa)
=7 Yelgth PB0.3Y W MKPC X 2EFE 9] &5 =
WIB 25%°l 4] 35.1 MPa= 7} 39k ™, /B 0.5 w MKPC
REELE 9 AFHEE WB=30%4 44.7 MPaZ 7} 5=
Al VERRTE
MKPC 2 2EF2 9] $+573 == P/B 039 2% wiB7} 7+
gkl et 25%7HA = ek oH, 1 ol shel| A= g A
3ttt P/B7F 0.5 Wl MKPC RE2EF2 9] b7 %= W/B
7F 2F 2ol wet 30%74A1 = F7Fekl o, T1 ol skell A =
Atk AWM E 2 2ELE A9 WB7L &= 4 EH)
o] Aol &gt BA|# F=ro] o5 dFH T S
7F3HAl Ptk MKPC B2 EFE F31 o] o) n}3k7k 4] 2 w/B7}
7FAastof upe) A 0] A9} e W9 A ShAf o)
S/ A Hl P = OLZﬂC% 71 Ao 2 ghekE ) 844
Tk o] Aol A 3 g MKPC R E2EFZ2] -5 W/B7} 25~
30% ol skl A= fr5d 4 FAT At R(EE AR}
Z) A @A Az A T E A EEFO R ] SRS}
A Zlow dgkent

AE 1Y o]F MKPC ZE2EF2 9] A& E UE &L A

I
£ -8-0320 —-0325 40330
S 3 —¢03-35  —6-0.3-40
0 @
0 5 10 15 20 25 30
Age (days)
(a) P/B=0.3

Eo | B8-0520 —-0525 —&-0.5-30
© 5% 0535 —0-0.540
0 &
0 5 10 15 20 25 30
Age (days)
(b) P/B=0.5

Fig. 3 Compressive strength development of MKPC mortars



19,34 9 7ol A ZH2} 35 5 59%, 71% 2 83% = LFEFS:
FEEel daA= 2 (2)

f(t) =exp[B, (1— ? IS 2
oI71M, g = EEEE 4EFF R I V&7 8 dAshs
WAL, I gho] Waas 27 Aeddas sk 24
YE FR7]FolM = Be AT AHE FA EA
o W 57198 A5 8 wE 2703590157 A A
shar ek Wb, A (2)F 7]9ko 2 MKPC 5.2 EF2 9] gk
A ud TS 8 A A A 8 g 0.027~0.093 1

el 9l9lth o= MKPC B 2EFE 9] 7] &7k & whd &

St AQAAZA BAE S ARSI SOl E Eehal 5

9 S5 A RE 2 Eof v] 8| Ads] wska-S o
=g

3.4 pH

P/B 2 /B W3}l W2 MKPCS] pHE Fig. 4] YERAS]
th. MKPC®| pH+= P/B7F F7hsrel whet Fhaekql=t),
MKPC®] A& 28 pHE P/B7]- 0.3 w] H+t9.540]9] 0™,
0.5 ] 3+ 8.920] 3T} T3 MKPCS] pH:= A9 o] 57}

of wpe} Z71akgl =), P/B7F0.3 2 0.5 vl A= 282 <) pH
= A 1Y oin] 2471 0.54 2 0.94% S7F8ESITE o= AlH
o] F7tell whet 2| &2 Q1 MgO$} Q1MHEE €] W3- 0. % MKPC

B o)uk-S- 2] 194H2-F(pH 4.96)0] AH] % 11 At 2] o 7
1| REE- MgO(pH ©F 10.8)2] &Fo] F71ato] vrehd A= 3
el o}, 3 MKPCS] pHE W/B7} 571kl whet 5716k
t}. MKPCQ WIB7} 5% <718kl w2} P/B7F 0.3 vl 3+t
0.025 A, P/B7} 0.5 W] 33 0.069% 3+t WiB7) &=
=75 MKPC Y] QIMPZE 9] &3l o] S7Fst Al nt whaet
Al QIR S| AH7F FrhebAl HHE A o' vuks
MgO2] o] H|Eo] ol Al o] pH7} sst o= 3t
eIt SR WB7120 ~40%% W MKPC 2] pH *H 3H= 3+
0.19Z W/B7} MKPC 2] pHell 1] X &= & &/ wll-¢- St

0 5 10 15 20 25 30
Age (days)

Fig. 4 pH of MKPC pastes

OfU|AIOR QIS AIMIEO] CH

3.5 SFFXZ(MIP)

P/BH w/B ¥ 3}l b2 MKPC 2] ¥-=+5-3 W 3}= Fig. 591
YERNSITE MKPCE] =82 Aol B3 3= (macro-capill-
arieS)°ﬂ oyl A= k. PIBE] 5 7F= MKPCO] At LA
7 228 7 A A=), PR} Z ke ulel w1 Ao}
AAFZF 2] vE8-4d o] F7ke} §A 2EFuRO| EK (YA A
71=5~15 pm) 2] ABAd=Fe] Srkete] A ZAH ¥ 580]

Agh 21 0% bty 3 wiB7t S A BA
&bk, ol Al RIE Flo] ~E ] A7
‘doltt. LRk o & w/B7} T 7vekel whek A7t
7}3}21 o, O] £ A3l A BA T F=o] Tk 0"

F

7] (art1ﬁc1al air pores)2] 73-%- T P/B Y w/B2| WA 3}
ZHAIglo] ELE MKPCOA 3.3~4.8% 7 2. & 0|28k A|
ERSTE 718 2715 0.05 mm O = T2 w3 Al 2]
YA 5 A}%OPO% AAA o2 EQdeh 3719 d&F= e
o wheb Rl B A8 S s o 2 A e
RS HH‘“%W v =20 7]l EE HER TR
o] &= #5°] 10 nm ©]5}Q] 2 & =(gel pores) 2] -3
MKPC®] P/B 5L W/B°l 213t F Fo] wlv|sk3itt.

AN o= 552 A50] 20 nmo i FA2 E
HFA L & vIAA FEEY MKPCIA 20 nm ©]
=< P/BO) 328k 9 wiB2| F7tel whet 571k
o, EAg PBIlA] A5 20 nm ©]7d<] 301 =7kl
eh b E s skt ub, s A s wiB & o PB7}

l‘ﬂ_@oﬁ [‘F F_R

Specimens

Designation
0.3-30 | 0.3-40 | 0.5-30 | 0.5-40

Gel pores(®<10 nm) | 0.11 0.00 | 0.31 0.16

Micro-capillaries

(10 nm<®<50 nm) 1.70 | 0.01 0.29 0.39

Macro-capillaries

(50 nm=<®<50 um) 10.01 | 16.87 | 7.60 | 12.08

Artificial air pores

(50 um<®) 332 | 3.80 | 477 | 4.22

Total porosity (%) 15.14 | 20.68 | 12.97 | 16.85

40

| Micro ! Macro ! Artificial

35 ¢ Gel

pores jcapillaries! capillaries | oair pores
i : i

(%)
(=]

[
[

Pore volume (%)
o8

100 1,000 10,000 160,000 1,000,000
Pore diameter (nm)

Fig. 5 Pore distribution of MKPC pastes
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& :MgO ©
©9 © © © 0.3-30
ey 25
&
%‘ © o © 0.3-40
AENE RY:
= v A

@) ®) ©
o7 o~ O 0.5-40
10 30 50 70
20, (degree)

Fig. 6 XRD analysis results of MKPC pastes

2ol mt A5 20 nm 0]/ 9] 552 ghastgl o,
FAE 3 adhs e HERSIT

3.6 X-ray diffraction (XRD)

P/B % w/B®] A3}l w}E MKPC #H[o] ~E 9] XRD A3}
£ Fig. 60l VFERIQItE BE A3 Aol A 20=43° 4 62°
ol A At 3 2E FAdsH el ol mIHkg MgO (26~
37°, 42.9°, 62.3° 4 78.8°)°] &3k Aot} L 15°0~16.5°,

19°~21.5°,25°~28° 4l 30.5° ~40° F-Lof| A of 2] ¥ 517} &
/ﬂg 74 o g_o]sl— 2= O]L:E” o]% MgOQ]— o])\].yl— _4 H]_o
A& 2EFHO|E-K (MgKPO, -6H,0)] 87l o] 3t
Zlojt}

W/BE= MKPC WHg 87352 A3 3ol T 93
u X %] 9kgkel. vk, p/B7} A ghel| W Mg02] ¥ = %
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