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Development of Improvement Methods to Reduce CO2 Emissions and
Hexavalent Chromium Elution in Ground Improvement
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Abstract

Recently, there has been a demand for reducing CO2 emissions, and cements have a risk of eluting Cr
(V). In this study, we assumed two addition methods, powder addition and slurry addition, and set as a purpose
of reducing CO2 emissions and hexavalent chromium elution. For powder addition, we proposed a
new cement. For slurry addition, the effect of the improvement method in reducing the amount of additive was
evaluated. Consequently, we reduced the CO2 emissions by 50% and reduced the amount of
hexavalent chromium eluted to less than 20%. In the latter method, the CO2 emission was reduced by
approximately 20% by using a low-W/C cement slurry containing a fluidizing agent, and the amount of
hexavalent chromium elution was approximately the same.
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Test Results of Powder Addition Improvement
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OPC 250 261 118 0.40 265 117 0.38
325 221 12.2 0.24 779 12.0 0.22

200 170 113 0.40 270 11.1 0.02
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325 950 11.4 0.03 1169 11.1 <0.01




RMALBATHTZEATH  No. 86 M BIZH1T 2 CO2Pk & & /Nl 7 v AR HH B 2 AR 9~ 5 e B i DB %

2o HERREIGD20% LD K&EL 25 L, BEEITRITV
Lipolz, ZhUX, FIRIFKSEI L BEMEIRE
BT D0, AV MELO & D A K& AR TR T
ERNVTEHTHD, ZNHDZ &G, B EMIZ—
EBUEOI NV T ABEERL, HOKEESCE A R
EUL b BT B R 5 /R0 AL RELHM L& ATH
L2 E05, BEe— A EMEENEYNCRER L
Ez2bND,

2.3.2 COMHE  ARENL, Ny 7 hvIcLd %
B2 HRI T o®BES R & L TR YEREE 150 KN/m2, B
BENRE 052 ME L, RAHEEO 5 BFE—fhEHE
SREE A T30KN/M? & 3478 Uiz, 2 BAZSREE 23 e 3 Aok
RBANE & B OCOME AN S, Rt1mds
KRBT HEOCOHHELR I LT, DR % Table 5
WY, BAEREET30 KN/M2 A& 3 5 72 DI LRt B
MESInEE, BEMA, BAZNZE1250, 255kg/m3TdH
Lo L, BAFES B IT235 kgim3 & D pvy, X5,
EULAA, BE L THRRBERM O A, COEHFHEAL
BNz, COMEHEITRL 2076 kg—CIm3ThH -
7=

2.3.3 ANty RLBHE  ENENOHBEMIFINE
ERETHIZRIT A7 v A EORBREFig. 410K
o BAFLBMOZN, BATORM 7 o LEH B AL HEHE
0.05mg/LLA T 2 L7z, WEMBINEIC X v Az =
DR EIZRAR DN, k0t A FNREULH &L
T, BARKEMEHERATDZ LT, RIETHLAMZ 2 4
EHEN2BL TR TE /e, 202 &b, /Ekotk
AV RSREUEMIIAMG 7 v 20T CTH - TH, KNfir

AW ENEEE L BIRT 5 r—ANFET LI L L,

BASS R IEE 2 v M REA L0 BN 7 A% H &
B/NENWT L ERER LT,
ZZCBHRWBM AN 2 v A AR L 72
WCDOWNWTEET S, 228 Cik_7=@ 0, ARFITIE, ~
iz v ARJBEHT 25 G EBE LT, B & DR
RIZ15 L L=, ARIZD 7 = =AY RIETIE, B
L OEMPFMARE SN TR, ZDFRDAT %D
BICWBEEZGOMEIRH 2561, BICL 2RO
HIMZ & » TAliZ B AR 27 v AMSET S 3, A
7 a ARHEMERD IO SN HReERH L, £ T

I 0.50 (ﬂnc_
E 0.40 ——=4FB
ﬂé\[ﬂiiﬂ EfbrA

0.30
i —— [E{L B
E’[i 0.20 —o—FIRBEM
N ---HHE(E
P 00 | A —y
Z —eo—*
= 000

100 200 300 400

WERMARINE (kg/m3)
Fig. 4 MR BMESINE -7 v 2 EE & @& AT
Amount of Cements - Hexavalent Chromium Elution

BB E LT, k& Ao ZEiE CE R ER S IO
B2 EE L, OPC, mFBIs L ORISR DOt B
FESINE200 kg/mBD 47— 22D T, iR & OB &
N7 v AR EOBBRE R Lz, JISIEL TR,
Ay MHE TIEEMBEMASY EHESN TS
D, HERGMEIXL, 5, 304 &FRE Lz, Fig 5ICHR & @
PEALRER & N7 = AR EORBREZ RS, 2B, A
Ja AEHENER FRMEU T &Rl —R1%, 77
THTIEF00ImgIL T ey LTV, AT 7 &S
JFBIZDWT, BN EL 25 &R v A EH &
WINESL Ipol-y 2B ARATAIZXBRMTZ 2 AH
EOEBERIL, S 2 A~OBTNETHHZ LN
s, —Jh THREGRMICOWTIE, #EflRpf23E <
THAM I v DRHEDN/ NS -T2, 220D, Bk
B, AT 7ICEDBELETTRL, A FEKD
BEEZEBEELZ 8L Az n 2 E&FEMET L,
A7 v AEHENMEE L EBEZ O,

3. RT3V —iFMEAER

3.1 EAMH

ABRITIE, B ERINGRER & RO R e — A &1
L7, 322HTHIBT 5 L 91T, AMFHCIdh TIHED
DRBRENFERE Liclz®, WRME LTE, BEOH
TTF—#BAFARETHT=ELMBEMER Lz, 7z
WEMEAIE LTIk, WRHMZRAR Y VR CEERRE LA
AL, COMEHFEHIIA—I— T VT % &
WZHEE L, 0.668 kg—COz2/kg& L7z,

Table 5 SEWNIBEE A 72 3 S RM AN E & CO8E &
Amount of Cements Satisfied Strength of Test Specimen
and CO2 Emissions

gy %) S BRI 5 CO2HE ) &
— kg/m? kg—CO2/m?
OPC 320 245
=JFB 325< 156 <
B A 250 134
[E{LAB 255 137
BRI B A 235 76
0.5
E 0.4 oPC
] ——=)FB
3 03 - BTBRH
T 02 ---H¥E(E
[m
% N N N S S
K 0 le—e Py
0 10 20 30 40

AR ()
Fig. 5 [ & OFEMIGRE — N7 v A&
Contact Time with Acid - Hexavalent Chromium Elution



RMALBATHTZEATH  No. 86 M BIZH1T 2 CO2Pk & & /Nl 7 v AR HH B 2 AR 9~ 5 e B i DB %

3.2 HEAHZE
3.2.1  Po—REE  ARBUX, EXAVFINZIC
W 2 M AR EZRET D72 DICEE Lz, —
W72 AT ) —ERINCIE, HfENICE A > P IV 2E
BL, RESEAHET 2, TORICEE L L& FH
HERDONBEAL D INT OREMETH Y, EiEAHE
RREEE R T A LER D D, ARFTIE, BEO
THEEENG, WEMEofEL LTPr — M FEF 2 5%
EL, Z£0OBREEAEEKETO305% TI6HEL T & L
7=, REBRFEE, miEh=r 7 U — solRbE ROV
TR 1L (JSCEF512) ITHE -7z, #BRSRIE L LTiX
WIC=45% ® 7 — X I3y EME AR & 40, 0.5, 1, 2, 3wt
—C%, WIC=70%D /7 — ZZ0wt—C% & % 7E L7,
322 HBHE  EPWmEMEAIZRINLIKEKE
MEAY =D v E—2 —C2MRE - LA b
2 Z V) — &R U7, WiE AN T DWW T, 3.3.1H
THBT HPr— MBI RN, W/IC=45% D7 — AT
131 wt—C%, WIC=70%"D 7 —ATIF0 wt—C% & L7z,
2 BAEANE 13300, 400, 500 kg/m3d34s — R & Li-, %
D%RIL, 2.28 & Ak O EHETHEM Lz, BiB% oM
P CICEMAL, ERCHTERSE CEA L, #AER
137, 28 02— A& Uiz, JIEHEHE $2.26i & [k
S CHEM L7,

3.3 HER#ER

3.3.1  JEIE WIC=70% D 7 — A1, B LA % i
NI EEEE O L6 &35 7- 9 2 & 3 T & 72, W/IC=45%
D7 — AZDOWTCHE, B EAIEIMESOWt—C% D 77—
AT, VRN 2318080 LA EToH - 7228, FEMEAIEIN
BARLWt—C% D7 — A TIXRIITKHAPERSK T L, 7t FHE
RIS ThH -7-, 2, 3 wt—C% & B LA & % 1
LTH, Pr— b FEEFICR & Z2ldid i3 /i b e h»
ST, T, WIC=45% DRER 7 — A TiX, EMLA
WIMEAZIWt—C% & L=,

3.3.2 —BEMEERE  ENENOEMICBIT L
JEMRRREE, AR OpHE X OS2 v 23R B % Table 7
W, 2BAE28HICRIT D B RN & & — il o
DR %ZFig. 61RT, A U BMRINE TR 5 &,
WIC=70% & t~T, WIC=45% D573, —HllEAEsREE )

KEW, ZHITEA L FI VLT OKRENEDSLIZZ & T,
WETLHOEKELEAD LD TH D,

3.3.3 CO8tH= A BN, EHIH /7400 KN/m2%
B AW R TAE L, HFHEEIOIZE, HEH=
PSR %2500 KN/m2 & 5F5 L 72, = OHu ek BB 72
S BRI RS L OCOHEH J & 3 L 7o 5 R % Table 8
W, WIC=70% & HeNT, WIC=45% D578, iRINE:
2380 kg/m3E L/ &V, ZD4COMEHEL/INEL 2D,
#120% DCO25 Kl T & 7=,

3.3.4 ARy oLBHE ETNEND T —AITDON
To7, 28HFEAEICBITBZAMZ 0 AEHE L WBMTR
MEBORRZFig. 712 T, 7236, A7 v A MHENE
BTFTRMEUTERor—21%, 77 790 Tix
0.01mg/L T’ ry L TWA, WTIIZENTH Y
0 AVAHEITEEYENR0.05 mg/LLA T & 72 o 72, BTN
B300kg/m3> 4 — A D I, WIC=T0% & Hb~T, WIC=45%
DIH, Az v ZEHBEPKRE L Rotz, Zhi, i
KEOIERHIZL Y, A7 v bOWERNRENWEE
ZHNTWDHE /N7 o— NERDDE X KT D
ERRENED Lo EEX N5, LHLAT YR

7000 | ~—E1{L#1B W/C45%
6000 | - [E1L#1B W/C70%
5000 | —E1EE

4000
3000

2000 //

1000
0

28 H38E (kN/m2)

0 200 400 600
FSHINE (kg/m3)

Fig. 6 A7V —t BA UM E— — 8 EHEsR (% 4:28)
Amount of Cements - UCS
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Amount of Cements and CO2 Emissions Satisfied Strength of
Test Specimen

W/C B EM IR COHEH &
% kg/m?3 kg—C/m3
45 340 185
70 420 225

Table 7 27 U — iR O FRBRAE F
Test Results of Slurry Addition Improvement

7H 28H

wic e | WER || AEze | wEm |, | Awe
TR DR A R DR A

% kg/m? KN/m? — mg/L kN/m? — mg/L

300 811 10.8 0.05 1277 11.3 0.02

45 400 3290 11.2 0.02 4821 11.6 <0.01

500 4343 115 0.02 5999 11.8 <0.01

300 685 10.9 0.03 871 115 <0.01

70 400 1872 11.2 0.02 2102 11.9 <0.01

500 2708 11.4 0.02 3568 11.8 <0.01
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