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Reuse of White Carbon Sludge in Cement Concrete
Abstract

White carbon sludge (WCS), which is a by-product of the white carbon manufacturing
process and an industry waste. Since WCS contains agglomerated nanoparticles, disposing of
them has possibilities of polluting our ecological environment. Nevertheless WCS was
confirmed as a pozzolanic material by XRD analysis and compression testing analysis, the
feasibility of reuse in concrete is worth doing research. In this study, four control factors with
three levels each in L9(3)* orthogonal array are considered to design this experiment. The
compressive strength of each cement mortar samples is measured and the corresponding S/N
ratios are calculated to investigate the optimal setting. The properties of WCS sludge-blended
cylindrical concrete (SBCC) specimens were for compressive strength test, ultrasonic pulse
velocity measurement, mass growth measurement, and other engineering properties test. The
experimental test reveals that the compressive strength of SBCC specimens are comparable to
the ordinary Portland cement concrete specimens in all curing age, the other engineering
properties were similar. Hence, the WCS sludge can be converted to a useful resource by
exempting the difficulty of disposal problems and appeal to the environmental sustainability.
Keywords: White carbon sludge; Nanoparticle; Compressive strength; Cement Concrete;
Design of experiments
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Factor
Level
A (cement) B (WCS) C (G Type) D (W/C)
Level 1 85% 8% 5% 0.445
Level 2 100% 10% 6% 0.485
Level 3 115% 12% 7% 0.525
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Factor
Sample No.
A B C D
Sample 1 1 1 1 1
Sample 2 1 2 2 2
Sample 3 1 3 3 3
Sample 4 2 1 2 3
Sample 5 2 2 3 1
Sample 6 2 3 1 2
Sample 7 3 1 3 2
Sample 8 3 2 1 3
Sample 9 3 3 2 1
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*F7 =d L9(3)* 2 % i (Orthogonal Array)d > 5 SIN vt #5823 {7 -k & w5
FH2 RS TRHFURS R > U SIN RIEFFURE R AP F 2 et E E
g v 2 75 & (White Carbon Sludge ; WCS);‘?J: g 5 12% 0 G Type %éifé?']i?lt v 1% o
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A 3E Bk ik ASTM A4 P~ WIB=0.485 42 & = 8-k ik ) % (OPCM) £ £ £ &
SRR SRR RERER > PR R IR E S 7386% A tkA 40507
sk A 82 n A @394 3 OPCM > /1 3t 91.22-126.88% 2 fF » BEIH %6 1 1 A
2ARM > R e i ORI R 2 2R B E 0 Aok 49T o

24 LR nRRRE

B E(mm) iR (%)
OPC 173.86  73.86%
#A1 13458  34.58%
#A2 15022  59.22%
#4A3 17587  75.87%
# A4 22687 126.87%
# A5 10122 91.22%
# 46  137.39  37.39%
# A7 22688  126.88%
# A8 20056  100.56%
#4A9 15647  56.47%
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Bk 52k 2(A2) 5 Bt o drdl F1F B(AS 4) o RIrok i 3(B3) A Bk o
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L5 wov s FURWA 4

FUR 3% B (kgflem?)
1= 3= 7 = 14 = 28 =

OPC 80.3 212.5 295.0 329.2 369.9
(100%)  (100%)  (100%)  (100%)  (100%)

T 53.4 214.6 389.2 431.3 454.6
66%)  (101%)  (132%)  (131%)  (123%)

B4 2 46.2 180.2 337.5 393.2 400.8
(57%) 85%)  (114%)  (119%)  (108%)

3 36.8 145.5 277.1 338.0 361.8
(46%) (68%) (94%)  (103%)  (98%)

¥+ 4 19.5 149.5 306.2 356.9 365.7
(24%) (70%)  (104%)  (108%)  (99%)

45 58.7 224.7 382.8 456.9 461.0
(73%)  (106%)  (130%)  (139%)  (125%)

B4 6 77.3 232.0 406.2 413.7 491.5
96%)  (109%)  (138%)  (126%)  (133%)

A7 4.4 132.6 327.6 359.0 401.9
(6%) (62%) (111%)  (109%)  (109%)

. 36.8 161.9 300.9 370.7 389.8
(46%) (76%) (102%)  (113%)  (105%)

40 84.7 287.0 414.7 477.5 530.6

(105%) (135%) (141%) (145%) (143%)
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26 FERFAIZERECHEE - ZF I RE ST RS
AT 4R 4 3% (W/B=0.6)

RERIE P
OPCC WCS(100%-12%) WCS(115%-12%)
BB #5%(cm) 15 10.5 11
¥ = # (kg/m’) 2318 2277 2258
ZF 7 2(%) 0.8 1.5 1.5
F 3+ Rl (kg/m®) 0.035 0.084 0.078

30 (1). WCS(100%-12%) 45 -k i * £ 100%(22 2 i 4 4p k) » ed 4 % £
5 12% - 4  fj 4 WCSA2B3
(2). WCS(115%-12%) %45 -k i& * £ 115%(++ s jE 4 5 15%) > fgw 4 %
£ 5 12% > 4  fj - WCSA3B3
362#FERFEIHE L
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2 HRfpE® o A A2 g iOPCC WCSA2B3 &2 WCSA3B3 #7458 %
dHEEE B ERE R AL 64T o BRI S A 205 IR (WSC) 2 R R
OPCCRr @tz Hix& 5/ »HRF]hi WSC 2 B =&/ »Rik2 Mo
363FERELI TF F L%
A2 2 ATER R 35 7 EE% Ry ASTMC231 2 22 0 #
O GOMRTELR GRS BOR A B REEN - LFHP 0 L RREP 2
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3.7.1H FiR 5% 3 FUR
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Wz 5K ¥ OPCCR AL FMzZ %R 23 » 7737142856 91
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SAp e b aliEsk S B WCS 5k P 2 S0, 2k 0 g HE AR E S
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Bl SE Rl Rk Y R v hpE L 32 7% V14
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% % §g ) 47 ok 7k (Saturated-surface-dry, SSD) » £ & {74z 5 i i £ BI(UPV
Measurement)» I 2z 4% 2 # 8 T WCSC ;#4822 OPCC 248 2_ 42 § A L 1 (UPV)
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