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Abstract: In order to explore the effect of highland barley straw ash (HBSA) on the durability and pore structure of mag-
nesium oxychloride cement (MOC), HBSA was used to improve the durability of MOC, and highland barley straw
ash -magnesium oxychloride cement composites were prepared. The durability of magnesium oxychloride cement
mortar (MOCM) with different HBSA contents were studied under the conditions of salt lake brine erosion, freeze-thaw
cycle erosion and salt-frozen coupling erosion. Three durability evaluation indexes: Relative mass evaluation parameters,
relative dynamic elastic modulus evaluation parameters and relative compressive strength evaluation parameters were
used to reflect the durability deterioration law of MOCM, and determine the optimal content of HBSA. Through the
analysis of apparent morphology and pore structure test, the durability damage degree and pore structure characteristics
of MOCM under different erosion conditions were revealed. The results show that the durability damage of MOCM

caused by freeze-thaw cycle erosion is more serious than salt brine erosion and salt-frozen coupling erosion, and more
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macro cracks are produced on the surface of MOCM specimens. The addition of HBSA can significantly improve the dur-

ability of MOCM. When the content of HBSA is 10wt%, the durability of MOCM under salt lake brine erosion, freeze-thaw

cycle erosion and salt-frozen coupling erosion is 21.24%, 23.48% and 18.91% higher than that without HBSA, respectively.

The opening porosity of MOCM added with 10wt%HBSA decreases, the specific surface area increases, and the most

probable pore diameter and average pore diameter decrease, which refines the pore structure of MOCM and improves

the durability.

Keywords: magnesium oxychloride cement (MOC); highland barley straw ash (HBSA); durability; apparent mor-

phology; opening porosity; pore characteristics
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Fig.1 Preparation and characterization of highland barley straw ash (HBSA): (a) Preparation process; (b) SEM image;
(c) XRD pattern; (d) Particle size distribution
#1 HBSA HILZER S
Table1 Chemical compositions of HBSA
wt%
Sio, Ca0O SO; MgO Al,O4 Fe,04 K,0 Na,O P,05 Others
61.75 10.63 1.75 2.04 5.92 3.83 5.31 2.60 5.72 0.44
%2 HBSA-SEHKERR (MOCM) WELALL
Table 2 Mix ratios of HBSA-magnesium oxychloride cement mortar (MOCM)
(kg/m’)
MgO MgCl, Sand Superplasticizer Water repellent Water HBSA
203.4 0
211.7 29.2
220.0 58.3
583.4 221.7 937.5 16.0 6.9 998.4 875
236.7 116.7
253.2 175.0
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# 3 HBSA-MOCM iXfFHI%HS
Table 3 Specimen number of HBSA-MOCM

Specimen number Cycle HBSA/wt% Specimen number Cycle HBSA/wt%
0%HBSA-MOCM(NO) 0 0 10%HBSA-MOCM(NO) 0 10
0%HBSA-MOCM(S60) 60 0 10%HBSA-MOCM(S60) 60 10
0%HBSA-MOCM(F60) 60 0 10%HBSA-MOCM(F60) 60 10
0%HBSA-MOCM(SF60) 60 0 10%HBSA-MOCM(SF60) 60 10

Notes: N stands for the specimen without erosion; S represents the specimen eroded by salt lake brine; F represents the specimen eroded
by freeze-thaw cycle; SF represents the specimen eroded by salt-frozen coupling.

R4 HHKNEEEFRE (g/L)

Table 4 Concentration of main ions in salt lake brine (g/L)

K*+Na* Ca** Mg* cr S0,* HCO5 TDS pH

83.25 52.78 52.71 128.22 137.60 0.12 457.68 7.60

Note: TDS—Total soluble solid content in salt lake brine.

PR DN A5 2R A B A O de 2 2 2R o M X
FUEIEHSH W, A SRR PN S W, A
EGS BT He 58 B VE AN S B0 W 4 BRR A7 T H AP

m;—0.95  my/my—0.95

= 7005 005 (1)
w,_ Ei=095 _ Vi[V§-06 o)
277005 0 04

_£-075 _ fi/fo—0.75
V=5 = o (3)

K m WX R m, R R (OR) BB
mo JIRAF RGBT (g); B, 9 AR S SR
VAR e R () BB A B Vo S T A
7 I (km/s); f, WAHXTPURSREE ; f, MRl ¢
KR TR 5 fy 4 B 00 46 Bt 1T o B
(MPa), W, W,, Wy=1 I, NAEERE; o<y, Wy,
Wa<l ), gHOPIRES s Wy Wy, Wa<o i, SR
1.3.2 fLEZ5 A i

MOCM 2t/ 19 FF 111 FL it 38 ok Wi 7K 233X 6 g
k.m0, FRFIN AR LE (78+3)C IR E T
HE+ (4820.5) h, PRI & mygo RJE, Kt T
AR W AE TR E A (20+3)°C R 7K 77 (48+0.5) h, HR
T R K 3 I PR i mge MOCM i {4 1 14
FUR K rh AR ik A7 I, R il o8 2 IR 1 AE
(20£3)°C K Fh FE A ARK , Ff JC AU B,
FE R A AE K T BT mye MOCM iR 1 YRR v
KT LB E P 4% AT 5P

mg — My,

Pw

V=

(4)

ms—mg
\%4

K, pw HKIEE, 998 kg/m®(20°C).

MOCM 2t 14 19 A L 45 48 SR FH A 12 4 AR 3
70038 o 1 32 [ Micromeritics 23 7] 4= 7% i) ASAP
2460 8 4 {3 b R T AR5 LB AT AU T
MOCM Y FLBZZ5 A . W B R FH AU, B
2 ALY I 78 B AE 0.001 m¥/g UL, AL
A [ A 0.35~100 nm. 3 A7 R KT (5°C)
S PO R AT U R A ok 2 Ak A S I — KA,
I A T B AR B A 40°C 1Y 28 IR R B AR Ak B
24h, DL BR RN FLBR P A K B, SR BET
(Brunauer-Emmett-Teller) 77 ¥ K 115 MOCM i 74
By LR AL, R BJH (Barrett-Joyner-Halenda) 1%
R AL oA o LB AR AL B 3 1w AR
BET J7 8 & b R 1 AU A 20 R

P=

(5)

1 -1
Lo (2 ©)
Opo—p) VaC ViCl\po
NaVinA
SBET = Avm N (7)
0

X po B R AL T s pRon SR P
B IE ST s QRIRTEIRTT p T B AW B 4 5
CRHHRL; Vi /R0 T 58 W= W B 22 19 <
PR Ny RoR BITARAMAE 2 8 Ay Ros R
5 58 I W R P B i A TR SR T AR, H16.2x
10720 m?; Vo FRon AR BEIR IR R

2 #RE5Te
2.1 HBSA-MOCM it & 1%
2.1.1 FHhiH K KR
MOCM R P 76 2 5 i 7K 2 1l 3R 85 R (4 ifi A



xS

T RRAG AT K-S B K U8 52 5 bR ER VAORE & 50 407 50 JEE 458 42 S L B R 1

£ 2977 -

WU S BB 1= i i ] A A8 AR A, B 2 TR .
Bt 25 152 ok BF R) B8 00, Wy W, R Wy 2 B
B JE RN AR . 283 60 R ER W i K 4= 1k
VUG, MOCM ik {4 ) i 5t 4 F 45 55, AR 3
SHFL PR R 4B 4 A I L T B R R R A A 7
Kk, MOCM i A P 45 49 % ot e 5 85 728 A 35 Ay
JEC, BRI SR R G T S B BE M S 8Ok = 1k
MOCM Tif A PERE R AR 1L . FEARTRATH, Wy, W,
Wy ¥ — o B R RN . 3R i T K
08 738 5 FLBR #E A MOCM iR A2 3B, 78 T8¢
KFLBR, BN T S5k 1 % S . Bl 4= Dl )
M4SN, B 2 1R B 1 7E MOCM 4 N 1
R, gk, SR, TR E ORI
R, A MOCM WFFER4s R 13K, A
280, W, B Wy BTN . 20t 60 KR K 1R
MLLJE, HBSA B8 7E 10% LI 1 MOCM i 4 (1)

1.15

=]

1.05

1.00

0.95

0.90

Relative mass evaluation parameters W,

080 1 1 1 1 1 1 1

1.4

05 FE A F oK< 48 HBSA. HBSA il 10wt% [1)
MOCM fiif AP R B e /N, Wy b F ol SR A
M W, fil Wy kb T 4t 5 4R &5 . HBSA# &t Hi i
15wt% [ MOCM Tiif A 14 451 475 7% & [k & #8 HSBA
J“H . HBSA 8 Jy 30wt% Hf MOCM 1 ifitt & P 4
Uit e, Wy MW, &b TR, ws kb TR
BORA . 5K HBSA WAL, 8 A 10Wwt%HBSA
B MOCM £33 60 Kb < 21 fE Wy, W, Fl Wy 43
SN T 0.05. 0.33 F10.21, % X 1 & 1kt 45
$5e A U )RR X BT R B BE F A 38 B R R AE T A
5 BE 1Y 25 1k, W #8 A 10wt%HBSA ) MOCM %
Wi =l 2% 0F R B TP BB EL K $8 HBSA B 4R
T 21.24%.
2.1.2 URALE P2 1k

MOCM 2t /4 75 VR Rl 41 P4 FH R B i 21 2E AR
2 BB R G R B AR AR, B 3 T .

1.4

1.2 |

0.8 -
0.6 -
04

02

Relative compressive strength WV,

|
<
)
T

|
<
~

1.0 |--- ,

(b) % g
~ 1.2 F E s
SN ‘ E 2
2 10 be—m B S e S
3 \‘:‘\\
2 08| '
g v 2
2 s
2 0.6 - @
] —o— 0% 2
Q <
e 04 o g
s A
2 02t
2 —— 30% y
B0 fe b
B L .
& 02 =R
[5_3 v
_0.4 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70
Cycle
[}
=28
g5
o @
o

30 40 50 60 70
Cycle

[ 2 #hxi{2imErE HBSA-MOCM it A METEAN S5k

Fig. 2 Durability evaluation parameters of HBSA-MOCM in salt lake brine erosion environment
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Table 5 Calculation results of specific surface area of HBSA-MOCM
Specimen number Vp/(em®g™?) ¢ SSA/(m*g™) Specimen number Vp/(ecm*g™?) ¢ SSA/(m*g™)
0%HBSA-MOCM(NO) 2.04 86.60 8.88 10%HBSA-MOCM(NO) 2.97 95.34 12.93
0%HBSA-MOCM(S60) 1.24 66.19 5.40 10%HBSA-MOCM(S60) 1.80 159.03 7.41
0%HBSA-MOCM(F60) 0.21 66.44 0.92 10%HBSA-MOCM(F60) 0.86 48.25 3.73
0%HBSA-MOCM(SF60) 0.53 71.57 2.33 10%HBSA-MOCM(SF60) 0.97 227.62 4.23

Notes: V;,—Amount of gas required to complete monolayer adsorption on the surface; C—Constant; SSA—Specific surface area.
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KT AL HBSA B, 7] WA 10wt%HBSA ) MOCM
W57 /N o R [RR D45 1 S MOCM LR
SER PR 32 0533 R 1), FLBRES A B fs o |
N5 1 78 R LB

% 6 HBSA-MOCM iX R EEILEMXER

Table 6 Testresults of various pore diameters of HBSA-MOCM specimens

nm
Specimen number d, dy, dn dy, Specimen number d, dy, dn d,,
0%HBSA-MOCM(NO) 3.13 16.21 12.54 0.724 10%HBSA-MOCM(NO) 3.06 15.57 10.86 0.722
0%HBSA-MOCM(S60)  3.52 17.78 15.55 0.730 10%HBSA-MOCM(S60) 3.33 16.66 11.23 0.725
0%HBSA-MOCM(F60) 6.31 27.57 21.92 0.749 10%HBSA-MOCM(F60) 6.12 22.69 13.72 0.737
0%HBSA-MOCM(SF60) 3.96 21.95 17.94 0.738 10%HBSA-MOCM(SF60) 3.88 20.79 12.95 0.732

Notes: d,—Most probable pore diameter (<10nm); d,,—Most probable pore diameter (>10nm); d,—Average pore diameter;

d,,—Average pore width.
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Fig. 11 Cumulative pore volume and cumulative pore surface area of

HBSA-MOCM
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M ZFALRY LA, X A MOCM 1 £L Bt 45 1
Fhngnfk, MmN T K R B B s R,
G T I ER LR GG AL rh L BE 1 B K R ) NS OB
J1, $E T MOCM BTt AMERE .
2.3 HBSA-MOCM M &5#4

MOCM K SEM W25 R &l 12 firzs . Al LAWY
BAEE, £ HBSA 1) MOCM /KAL =4 F 2 L)
B AOIR I AR SR R 32 A SR A BB HE, R
MOCM #2417 Jy 2R R iy [FIRT, i s T K iy fL
BUE L. A, MOCM Hr ik 77 75 2 & 1 K AL R iR
B (M-S-H) BEME, X2 i TRb ok P i P i 5K Ak
774 Mg(OH), KA R BB . K. BE LI
fifi 42 HBSA 1) MOCM 7 = 1 B85 R (1 7K 43 M £
BT A G ERN NG, I 1 A S .
% A 10wt%HBSA f) MOCM Ay fOUIE S5 Fh A= i T Kk

[¥ 12 HBSA-MOCM ffJ SEM [El{%

Y M-S-H BER S AR FOAH A, T H. M-S-
H BERE Y 5] AL BETE AR AR I, T8 LR - T 1A
LY, A RO IE T FAH S A AH B34S FITE i
R LB . X & B T HBSA & A %5 i i 3% 1k
Si0, &k, fiEfE 5 MOCM KAk ¥ Mg(OH), &
He ZROKAR RN, A2 M-S-H BElE . M-S-H BEf &
—Fh ELA e ) R B R LR, AT
FERZ A 1.2 nmf AR GERRER 254, i HLEA 30
B PERE PR AN 2R PERERY . M-S-H B AY 0 1 %
BRI LRI, AROZA 200 T S A 2 A LA
FM, TR AR IL IR Yy TG SR T 2548 1 5
Sk, BN T MOCM NEBHIFLER A, W5l AT —
FRA /N B FLIR . L, B A 10wt%HBSA [
MOCM A5 FEFLA 2 F LA ECE B s b, AL

AR, il T ALBRAH, BRI APERE.

Fig. 12 SEM images of HBSA-MOCM

3 &1t
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PERST L A B R R R A 1 PR M S 80K
MOCM i AP 405 25 b R, % L A B 1 638
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HBSA #2755 T 21.24% ., 23.48% #i1 18.91%;

(3) 5 K15 HBSA ) MOCM A X, # A 10wt%
HBSA ) MOCM 7 5 ] i 7K A=l L V% fil 0 2442 1k
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