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Abstract : Two types of magnesium based inorganic mineral powders are green and environment-friendly natural products,
which can complement each other's advantages in terms of thermal stability and smoke suppression performance, achieving a wider
and larger range. High mesh brucite powder (MH) and different meshes of hydromagnesite powder (HM) were prepared by physical
grinding. The combustion performance, smoke density, mechanical properties and thermal properties of the modified polyvinyl chlo-
ride (PVC) cable material were tested by using limiting oxygen index meter, smoke density test box, universal mechanical testing
machine and thermogravimetric analyzer, and the final combustion carbon residue was tested in detail by using Raman spectrometer,
scanning electron microscope and energy dispersive spectrometer. The results show that high mesh MH mixes with high mesh HM
can improve the flame retardancy of PVC composites to a certain extent, especially the maximum smoke density and smoke density
grade decreases by 33.6% and 42.9% respectively. At the same time, it can effectively improve the thermal stability of modified
PVC cable materials, as evidences by an increase of 5.3% and 56.5% in the initial degradation temperature and pyrolysis tempera-
ture at 50%, respectively. The residual carbon rate can be significantly increased after combustion, which have increased by 3.6
times and 4.3 times at 600 °C and 800°C , respectively. The addition of MH combined with high mesh HM can also effectively
improve the degree of orderliness of residual carbon, making it more dense and continuous, the transitivity of heat, mass, and airflow
can be inhibited. Especially, the agglomeration of MgO on the surface of residual carbon can be promoted, which can effectively
improve the physical barrier effect. Finally, the physical method for preparing high mesh magnesium-based powders is inexpensive
and has lower comprehensive application costs.

Keywords : various magnesium-based powders ; polyvinyl chloride cable material ; combustion performance ; smoke
suppression performance ; carbon residue ordering
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Tab.1 Material formula of modified PVC cable material

Samples MH amount/phr HM amount/phr HM trade mark

1" 0 0 -

2* 15 15 HM-2000
3* 10 20 HM-2000
4* 20 10 HM-2000
5* 15 15 HM-3000
6" 10 20 HM-3000
7t 20 10 HM-3000
8" 15 15 HM-6000
9* 10 20 HM-6000
10* 20 10 HM-6000
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Fig. 1 SEM images of MH and various meshes of HM powders
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Tab.2 Performance indicators of MH and HM powders with

different mesh sizes

Specific White-  Oil absorption

D,/ D,/
Types ;‘;1 ;;1 surface area/ ness/ value/

> > (m’-g™) Degree  [mL-(100 g) ']
MH-
6000 1.90 4.82 18.53 92.0 34
HM-
2000 4.11 17.75 9.16 96.0 54
HM-
3000 3.64 16.73 10.06 96.1 57
HM-

1.98 14.27 15.32 95.2 58

6000

2.2 BHPVCEILAGHmIIEsE

A R TCHLT Pk AR S L AR N3 PVC AR
& ko PVC £k 45, it T H LOT L 7 i
i A RE | KM B R 5% A, PR AR A5 RS T
3. MFR3 A LOIMNALS SR rT LA Y, 2 MH-6000

SEANF HE HM 5, et PVC 24517 LOL AT ik
FH ETE, 2, 24 MH-6000 & it A [ 453 B
HM # A Bsf, H LOT X be HAth 52 e AH [R] H %2049 HM
MRS TR o 2, 4N 27, 57N 81 FEAY LOT (R 34 K
W] 20 5 KAE , b4, Bifi 5 2 T HM H B0 3 i, kot
PVCE i) LOL 2 30— i b 34 X nl fig &
A LA HM H B0 il LA SR T ICHLT Pk
IRTE PVC FEAAR A 43, 3T IR B Rt & 35 BHISR R
REA BT B AR R VR T 5 A2 o A B i, W8 7 g
LT PR S , ot PVC £ 45 i A B 2 A A T
FEBE LT, X 2, AT L& B2 20 473 1) MH-
6000 & Fit. 10 {53 AN H £ HM i, Hhr s 2 75 [+]
H 02 Bk B e f:, 3R B MH B ) FHETH 4 800
LA B 5 % LY 26 48 ) A (T LA B, SR T
ZF T YIRS R BRI R BE XA — R 1Y)
T EEXT HM Y B BN EUEE, 2~ 104808 10 Al 5
FHIT 5 B DA 9 2 , 7 F MR %% 8 R 2% B S5 0 0y
T, 4%, 7, 10" e R IR %880 8 R %% B 25 9% R 52 Tc AR
] H A HM B Al B AR, IBAs, 3558 20 43 () HM
SZHC 10439 MH., U RH HM AE 48 75 187 b MH BE 4
IeAh, B 52 B HMORHAS H R 38 0, 888 10 fe U
RN 4% i A AR S B 2 R R AR S (e
TR B e KR 5 T 33.6% , M0 955 13 25 4 e R T e
T 42.9%), X A fE i T HM (1) H B ETHT RAA 3L
PEFETCHLE P83 R LA 1 - wibE | T HL HM 78
BRI AR TPORARE P A K /K78, IR Re Rl
K 1) A, 3K S AN S - RS AN T L
WIS a2 ) I, 38 RE A RO R e = A 1) R it o
TR, TR B I BB i 2 v B Y HCLA i A6 25
oK e R B AR AT 2 AR A R 5, B i AR %
FIVHA 2% B S5 KR B B 28 b HM FE 2+ ko ik
PVC 245 iy BEIR 4 7 T4 , MIH AE 38 T2 458 1) e
R R % AR B R A 2y TR, PR, R
15% [ HM #5344 F1 42 B 15% A MH-6000 #53 1K 15 £
P RE TS B e e , 457 TR RE R 2494
2.3 FUHEPVC &850 # AL Z T

i TG A3 A o3 B IEEE Y 27, 571 8 Ik i
PAERESEAT T PRI S b 1 S xR, P 3k
i 2 Frow , AR EES TR 4, EEURERI G
AR R B (T,,) AR 2R 50% IS of g 19 ik JE
(Tsgs) 55— B e R 3 e 8 3 BT T IO U0 (T )
55 By B A3 R T IO A TR () A A



162 AR

2024 4E 55 52 4 45 3 1

#3 MEPVCESRWEEREINK
Tab.3 Physical performance testing of modified

PVC cable materials

. Maximum Smoke

Sample LOI/% Tensile Hard- smoke density
strength/MPa  ness(D) density/% cank

1 24.0 5.78 91.2 93.43 88.17
2* 25.8 6.04 93.5 68.80 53.17
3 25.1 5.98 93.0 69.58 55.23
4 25.4 6.31 93.0 65.20 51.35
5" 26.2 6.18 93.5 66.87 52.78
6 253 6.02 93.5 67.92 53.88
7 25.6 6.26 93.0 64.93 52.25
8" 26.5 6.41 93.5 63.02 51.92
9* 25.5 6.32 93.5 64.47 49.12
10" 26.0 6.55 93.0 62.05 50.31
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80t
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Mass residual rate/%
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K2 1%,2%, 5% 8"t PVC 4459 TG 2 M DTG h4k
Fig.2 Pyrolysis and mass loss rate curve of modified PVC cable mate-
rials in sample 17,27, 5", 8"
x4 1",2°,5, S'MIBUIE PVC R BIRIA S TR S R
Tab. 4 Thermal analysis test results of modified PVC cable materi-
als in sample 1,2, 5% 8"

/ T] max/ T

2

Sam—- T,/ T.

Sov ./ Charresidue Char residue
6 max

ple °C °C °C °C at 600 °C/%  at 800 °C/%
1 245.1 3123 3052 4593 9.5 7.9

2* 2475 4832 3012 4817 42.3 35.6

5" 2553 486.1 302.8 480.9 442 40.4

8 258.5 488.7 3103 480.3 43.8 42.1

600 °CLA J2 800 °CF iy it fe R £ . A& 2a F1 &
2b TR rT LA ), oebE PVC 488 £ 20 B
BERRAR 55— B BE B 200~400 °CZ R &4, 5
B Bt EEEAE 400~500 °CZ 0], TN T L WAy

25, 3 A o 3 AR DX [R] e A A
KL, 76 DTG fh 26 ot 5 B R G 2 N IETE | 3%
BH 5 LR X () AR v e R A X R N . LA
KB NNTCHLT PR Z /I, 0 PVC 2R 45109 T, h
245.1 °C, T, N 312.3 °C, i I T EHLT W Hiik =z
Ja, T, BT, HEEE SR HM [ B 5o K
B ETE R ETF T 5.3%, T, AR b TR,
&K BT T 56.5%; 75— J7 T, RGN T AL Pk
2 JE (E R BB HM ), T, B —E R,
M T = A HM-6000 )5, 7, U F T4 2%, AR
2 FEAIN T A PR Z )G, T U R B
B BT T RE RO RAR H A
HM 75448 o 1 43 AN 3550 e LA S B85 4687 14 43 B
P, TS — B B i R EUR R AW 0 THEh ) — L
FoUE PR 2= ) A2 2 A W 24 DA K HML I 45 di K T
U fifk , A5 O o LR AR 230 2T 8 T2 — o B )
FEH TR AR, IO PR R 4 & i
TN AR R A IR T, R TCHL Pk
IR TSI R TR T OE PVC 48 B IR e 1k
X — B4 7 & L =5 B AU HM-6000 B G R 8 3%,
T,k ETT 1.6%, T, Kk BT T 4.6%. Fik
MG AE DTG Mk ] LIS EINERT , 25— B B Ay (A
KT B Be iy (E, 3 3 W20 — B B iy 2% d
e, T A 2 S R P LA R R K, 1T TG AL
WPk AR MH A HM WA G — IR B X H kA2 T
T A 7 AR K ZE AR R IE RE R A Kt ) —
SE LR , W ORI A [ st T AR R SR A 0 43 T 4R
TR R, A1, MIH T HM 7E PR 1o T2 P R 720 i
MERRI MgO [t & A2 R B W3R 1, A A TR EER A
BTG I T I ok B5O0 , RA AR A 2% 1 AR
BT, R R] s 8 SAH R EE SR AH Wb R] & H00 , $2 7
REWRPFEE . MHZ R, 55 5 B A ik ok
RIFHXT AN, 1% F WA 7E MH A HM 19 & BLRES A
SR SR A AR 1T L2452 B HM Y H B0 S
i, SRR IR RGN B I i, A v A M AT LR HE
TEHLT- Yy ATE iR PV C 2R SR b i 4385, % T
PFE WA B THER . 2l ik
AT LUE %) LA FE7E 600 °C T 800 °CHY L
BRI AR B T A e B MH ATHM R A, Ak
A % e KR 1 T (600 °CHY e KL I 3.6 8,
800 °CH, iz K 4.3 1%), ELFfi % HM H £ i34, £
BERIRA —E R LT, X4 3 R W Bl
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RIZWA TR . YRR HM H B #E K,
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FWIER I (A e AR B ek ey, L RE A HM Y H
B8 = AT LUA SR 5 e A T AR B R T, R

I/, =1.50
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Raman shift /cm™
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2000 3000

0 1000
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(b) 57
1./, = 0.90
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K3 & oo PVC ARSI Bk i hr i T
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Fig. 3 Raman spectra of carbon residues from combustion of modified
PVC cable samples (Blue line represents the fitting curve of the D peak,
the green line represents the fitting curve of the G peak,and the red line

represents the common fitting curve of the D and G peaks)

AT FR R A5 R R e M6 TR BT RO
PP 2 AR HEVE A R A B SR A 1 P 28
FHRAYESE T

AR B F ] SEM FEDS %% T 5% 1% (1) 3R 1 IE
LA R R HTCR W AR BARSE R E 4 Fw .
XF HE] 4a B 4b FE] dc 1] UL, ] 4a H 5% e 2 THT A
TEAE D VFA LI, ] 4b vom] W% IR R T I A1
HELE, Bl 4 W B e ) 26 UL B0 HLE 2, SR I bt 5
L HM H B3 K, & B 2CHM AT MH AT LU K
PRI HR ¢ 1 () 58 B AR RN Sk, i f5 0k J2 e i o
R 405 FIT- 1 R TR B R b A AR L BT AR
it BELR A T 4 A P BRI TR, BIVRE S 7R BE SR AR T
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L HM H B0 285 K, = H Z0HM A1 MH P
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R Z RO . Z8 b IREER R B0V 34
5 FriAS LOL e A% B ik 25 SRARW) 7, S 4
SGIE RIS R WARTE &, 2Lk T Bl
HEHM J5 RS TR AR th A R T R S5 F 1Y
e T RN 2 ¢ 2 1 1 B BEL B, %o T BELR A<
JoT U AR ) A% 356 A A R | 5 TR s, i 1 B TS AL
W R AR A /I8 RS A28 A0 vy B 2 T AR d 2 A
ZREEER M IARTE R A W FER (8 2 HOROR: 6 Tk
P PVC £ 45 A9 BELA RO R 1t A 30 A B2 T3
B WAV R, R AL B 2009 HM ATMH 7] A 3%
T B AN AR e aoh 78 PRSI A s MU, DU
AR A A R AR
3 g

(1) 2 52 T 4 3L o1 4% 1 MH FAS ] H £
HM H T eles sietk PVC £R 45 1) LOT AN AR it , Bt
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