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Abstract: [ Objective] To balance the effectiveness and economic cost of snow-melting agent, and reduce
the damage to plants and corrosion of steel, the performance evaluation indicators of a variety of snow-melting
agents were selected. Sodium chloride, calcium chloride, and sodium acetate were taken as the core
components. The ratio of two efficient chlorinated snow-melting agents was determined through the orthogonal
tests. [ Method] In view of the snow-melting and de-icing performance and the environmental performance of

snow-melting agents, the tests were carried out on pH value, freezing point, ice-melting capacity, penetration
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capacity,, undercutting capacity, carbon steel corrosion rate, and plant seed relative victimization rate of two
efficient chlorinated snow-melting agents and two traditional chlorate snow-melting agents. The optimal mix
proportion scheme of snow-melting agents was determined. [ Result] Sodium chloride has the most significant
influence on the static ice-melting capacity, penetration depth, and undercutting area, followed by calcium
chloride, and finally sodium acetate. Calcium chloride has the strongest static ice-melting capacity and
penetration capacity. The undercutting capacity of two efficient chlorinated snow-melting agent is significantly
better than that of sodium chloride and calcium chloride. As the calcium chloride proportion in snow-melting
agent increasing, the snow-melting agent freezing point depression capability increases, while the carbon steel
corrosion rate and the plant seed relative victimization rate decrease. It indicates that the content of calcium
chloride in snow-melting agents plays an important role in its performance and environmental impact. It
should be reasonably adjusted according to the actual situation. [ Data] The optimal mix proportion of sodium
chloride, calcium chloride, sodium acetate is 69. 8 to 23.2 to 7.0. The snow-melting agent with this mix
proportion has lower freezing point, stronger snow-melting capacity, higher pH value, smaller carbon steel
corrosion rate, and smaller relative victimization rate of plant seed. [ Conclusion] The snow-melting agent
with this mix proportion can effectively remove road snow and ice. It will reduce the negative impact on
environment and infrastructure, providing a scientific basis and reference for the snow-melting agent
promotion and application in the future.
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Table 1 Snow-melting agent technical indicators

il 5551 SN iy 25 CHFY pH {H UK/ C HBRSY/ % KA/ % W/ (g em )
ALt ERERATHTT Uk A 58. 44 5~8 —21 NaCl=99. 5 <0. 005 2.165
Afess ERERUTTESSIN 147. 02 8~10 —50 CaCl, - 2H,0=98.0 — 2.150
T T 4 B a4t B R 82. 02 7.5~9.0 CH;COONa=99.0 0. 005 1. 450

1.2 RWEHE

TR RS R PE R FE AR o 2 WA, B L
o R KT BE I PEO, AR K e | Rk
e, BERE . U, B Ao Rl R vk
LHEST AR AR AR AL ALK AE T, (HX — 4545 2
W T RS R RS ALK B E T VI AR, AN R HE
J Rl 5 ) A R UK 5 BB T, AR 5 SR FH il UK g
BIEWE . T YN 3 A8 FR PEA S 50 ) il ok 25
A1, 5 2 WO R MIEAY, L3S pH {H ., ik
fEmaRes | A R, SRRl UK S 68 1 VE AN 4
FRANIREE S W PR F5 b o0t il Rl =5 70) (9 4 1 Be

Fir,
1.2.1 BKERATH

(1) VK

AR TR R, KB FHER K, SH0K
PIBARZE SR R, HKWESZEIEARZE, ik
FNUKAKIR G W11 A7 [ AR 78 SR AR 55 B AR
TOKBE [ A 22 R AR, DT 35 2 = BR 0K A 2K
USO8 H i B #3k ( Differential Scanning

Calorimetry, DSC) Ml BEEEHE ", #AEMH, L
IRLE e PR, nTEE ML, WA N
FH o 1207 i ad THE AR IR A, AT R A
TSI, £ DSC AR B vk g i, AN R AT A
rh 2 Y BRAE IR E RTHRE X 2 MR e A
T TP SZ A o 2 B R TR R AR A S e, 5 R B A AT
HEMER2E, MG S R B, e br i 22 5
AN, ATESE RS, T ARSI S0R R AE N
VKA, TR S kS AT, B 10 mg
[ AR R PK 25 5 RE ¥ ERITHR R R 10 °C/min,
DSC JR VLR A 25 ~60 C, SAM AR, @it
P b, GAALbR I, R AR AR R R, 7 i 2t
P AR A R R R S A YD 2R, A5 S
VKA,

(2) #rEmhKiEe

R I A RS A R 2 A N K
FERME TR B PEAY . AR PE GB/T 23851—2017 A ik
A5 ) X0 A T ) S A VK RE S, (A DL R A
e[ g 7 = I G L R P N R U o AR =3 ]



% A OBo%

SIS 3

542 %

SAFEMEERR . FILABISE RIS SHRP H-205. 1
VEABR, R AR R0 AR 2 VKR, RRE ) 25 YL
H—10 °C, MERIEE H— 5 C, IR i vkt
AR F RS R B, B 120 mm BEFRILE 4.3 g f
E5], 100 mm F5FEMA 3.0 g FEEF], 75 mm BEFEIL
L7 g @SR, wEeiebr b # B mvkae ) ¢, R4
BN TR RS R AR KR, TR
Gji:mo_mi9 (1)
m,

Lo, G, K] ¢ B E ALK EE J1 5 m, IR
FTVKRE RIS 35 L5 m, ISR A] ¢ B okoRE A
REFR L& m, AR5 i &

(3) BiERE

BB IR LT I Bk oK o A S R Ok S 2
MFEIEE )y ] BB aEE R, b m S n 22T
RESR MR UK — I 1 1T, 2 3 DK )2 3] 86 1 T 5 1 B
], DASCAE VK - 6 A1 b n] T I Sz bk i i fk fig
71, EHEE T RS R U Bh Aok R A RE ST, AT
FEMKHE SHRP H-205. 3 #4058 vRE 28 A i i
JER—10 C, FEFRIHERN 22~27 mg, KBS
BB, B 0 I E] P K2 98 15 TR
B, EARE.

H,=M_, xi, (2)
A, H, KET ] ¢ BB M, SR ]
i BB R,

(4) TFUhHA5:
A S A Al S R A K - o A R KM S
P B RIBGER A VAN, R EL S 50 47 1Y T YTl 56
FRER T Ml =5 UL 53 A 2E AR X A ) 0K )2 BB &
AT IR WARELNE R AT 0 T U R T
Al 25 A RS TR — R e vk mn b, DR TR M) R
o) o mh fk vk B R B0 RR BE L A B 58 MK 4is SHRP
H-205. 5 #EL 08, FEMITETRIE J 0. 88 mm [ SMA-
13 ZEHi AT IR, KR A U R I B Ry
—10 °C, BUEFI RN 30~35 mg, REFEIR N T
LS, , BIVEES 728 5 VK2 5 76 vk —56 5 5 = AR 1Y
Ak vk A, THEA R
S,

%=KXH, (3)
Ao, S, IR E] B SEBRA RN S, WS
FZHEA, K1 em®; V, KA ¢ FSEBR T O] m AR
AR Z 8, FIH Photoshop A V. ASH
HI15ZE %, FIH Photoshop #4115,

1.2.2 INEEMWESN

(1) pH{H

HRH Al A P WLBE RS 50) 60 pH [ S5 TR Bk
RN R A B R AR SR
i GB/T23851—2017 #RAEAD B, 44 MR feff ) e 2 T
W, AU ZER I T e L, 1 o i A 4K
F18%, 11 RUGT & 0 50k 29%, 82 4147305
FHE KGR pH THHR, P RHRC & AR bt
pH FHREE AL ZE 25 °C, ¥ pH THE AR % W
oy FERES S DL T SR pH A, SRR AR
1 min, RXEFEHH pH M, HAETFTE 6~ 10 JEEN,
H 2 RIS pH (B 22 E AR T £0. 02,

(2) B P

AWFFEHHE GB/T23851—2017 H (ks 46 45 R
SERCN PR BEEC 3 A 20° K B, RSFE R
50 mmx25 mmX2 mm, FIAHK 28 em®, FHAPACE
R TS T 5 FH e RO A 19 G IR A 4K, B Tt
FETh TR 2 h JRAHRE S EE L 0. 000 1 g BYHL R
FREE; Bl A AR R 10% Wl FliE o, 12
W0 48 hy K A 228 T K kR HEH JC K 282
HL5 min, THUETEREGED, MAMTHP T2 h,
FRIE, MREMER ) AR M hER o, TR
NG

v

_ 8 760(m(,sptm,) X 10’ (4
K, my HIRF WA BT m, sl 8 0 2% 5 o
s NIRRT, p WX EE; « XK
A fa]

(3) FhFRZEAL

R T RS il R B TS e L, SR GB/
T23851—2017 R H (1)~ ¢ 25 3280590 000 2 A ) b+
A2 H R H 4% FAL S RAL 3 100 A F R
i, £ (40£1) CHIZK TR 20 min; T 50K
FEA UEARFBLIR R 09 & ZF G L s He LA B 1 7R A 11
UGS RS sl R 2R &, fE (24=1) CHYEE
FAH, RIBIFER K, 12 d JRid R K R,
DLA R B R TR B 172 hnie, FHIRIRE )5 15
DIARACE: il 25 7 e v R R A 7 o B, 1B 4 A
R AR 2 EAR S HHAEAKN.

Ny 100 5
=— X %
! 100 o ()

w s

S =

x 100%, (6)



24

IR, A SO AR RO SEERE T 91

b, fRHEHER, N, HERIRBNEFRG F, H
KRR R, PSS AT R %, S
AR

2 BREKEBMENEFIE

AWFFERHIES BT R, =K =R,
HEH Ly (3%) MIERSR, w e iRt niets b
FrRERIKEE S . BB R T VI, 7EBA B AH
SERFFE, A AR R A MORHAC IR R g — 0
PR PEBE b B HE T O AR . AR, BEIR
B, FEREAORAEBE o BARHE O B R B . AL EA
FALES, IR THIERE i BRHE R g AL . Ak
YL BEIREN . LR B 3 RS R RS PERE . R
PERE AN 26 T 1 R A 58 A 5L Bt 3 45 1T
FLE P S A SRR AT Ay e 5 S B R S R A 2 AR
Gy, TR 54 H T A i AN A% RN T S il 5 )
MRS BRVKEE T, ERLSE R SRS IE/N THER
— PSR TR RAHE 3 FIAPRIAY LB S
8 70%, 80%, 90%; FEALES 15%, 30%, 45%;
BEREN 3%, 6%, 9% . SRJGEE IEZBIT % (W
#2), MWDy BT, W g R AT
o3,

F2 EXEITAR
Table 2 Orthogonal design scheme
G e AT B2 B
¥ 1 1 1

3
2
3
2

W N = W N = W

1
1
2
2
6" 2 1
3 2
3 1
9* 3 3
2, LL1RE], 3 FhEh R K 1, B
SN B 70%, FALE &R 15%, BEIRN S
3%, =FHHMN 88%, HEARR 1" A ILanE
HHNT9.5%, FAEEEN 17.0%, BERREHEE N
3.5%, PSR 205 SR A S L5 Ty
23 3 i, KU SHRP # &Rl vkides | BiEiRk
5. FURKISAE RN RS R R i 5k, A
30 9 A E S Iy AT 3 Wk P A it
5, IEACIREG BT R AR 4 fion . XK 4 Fdg it
Pt dr, IHESERAR 2, kS5 PR,

*R3 ASBREFNKNHTR (B %)
Table 3 Test scheme for chlorinated snow-melting

agents (unit: %)

RS SR C 7 Fh ) L)
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Akt SAALES TR B

1* 79.5 17.0 3.5
2* 64.2 27.5 8.3
3" 57.8 37.2 5.0
4 76.9 14.4 8.7
5" 69.0 25.9 5.1
6" 62.5 35.2 2.3
7" 81.1 13.5 5.4
8" 73.2 24.4 2.4
9* 62.5 31.2 6.3
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Table 4 Orthogonal test design result

LA bR/
G WERKEN BERE/mn TR/ em®

JC kg )
1* 8. 68 6.50 1.10 27.72
2* 9.28 9.00 1.61 31.28
3* 9.48 10. 58 1.70 30. 86
4* 9.06 7.58 1.21 29.90
5" 9.20 8.17 1.54 29. 56
6" 8.32 6.25 1.08 29.33
7* 10. 31 15.08 2.45 28.21
8* 9.88 13. 50 2.17 28.08
9* 9.51 12.25 2.09 30.77
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Table 5 Mean value and extreme variance in orthogonal test
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KFE1 K2 K3

Atk 915 8.86  9.90 1.04

iR Rl VK e A 9.35  9.45  9.10 0.35
BEEEEH 8.96  9.28  9.66 0.70

At 8.69  7.33  13.61 6.28

BERE/mm &M 9.72 10.23 9.69 0.53
fhmeeh 875 9.61  11.28 2.53

At 147 128 2.24 0. 96

T/ em® A 159 1.77 162 0.19
EEBERHY  1.45  1.64  1.90 0.45
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Fig.1 Static ice-melting capacity varying with different
influencing factor levels
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Fig.7 pH values of various snow-melting agents
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Fig. 8 Carbon steel corrosion test results with various

snow-melting agents
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Fig.9 Seed germination test results with various
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