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BT TS B 2, SO RCR A A SR, RTRE T B 2 JORE (A1 3R Bl S B AR A R A
PRAR o 77 R T 25 e D 2 ) R YA A T A SO TR A RO L B A R D), AR R B I ) B
R, MAVERTE: SET TERBEK. kS RAR &N, Harger=ERK. R, 1EM
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REmEA MR R (b fhas g, b o Rk, EEiETRERfRE. SERRE,
5 MH 73 fif 7= A ) S8 A B 36 TR A SR R [ (1 o B, A RURR S . AN R 2 AN T RS R e
AX5], HRRCR AR, JakiE, MH £WUREN St F AR TR ENE, FERNESWRm
A, BAEBOAEFESEBRRE, RESREMHAENE, S8R S8 S E R,
Zheng SR KR = K& (MCA) 78 MH, KRN PA6 4k b ] % PA6/MCA-MH
HEMEL. EEMERIR AR (LOD &k 32.5%, 7EMRFF AL /12 REM FIE, BA 40 5 i B R
PEBE . XUAR SRR S 2R i SopE SR Gl R AR IR R otE MH, & 3L EVA &4 MK LOT 18 % 518
w1 0.7%H 1.5%, hrfisdfs . iR KR/ INEGE, ARGET T EVA BAYERE A fe

R IEAH R (CMC) 244 R A IR A B AL B IS (724, R B I 4e RATEY, A
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Fig. 1 Schematic diagram of the synthesis of CMC-MH
1 SERH
1.1 A5

BH M (PVC, EwH (MACKLIN) , K-value {6 68-65, W H _FiF s kAL R
ARARD 3 AEMEE (MH, 99%, WHIALFEEBRAIRAF) ; T/KLEE (CH;CH.0H, 99.7%,
PE KRB THR AR R ELG4ER(CMC, 7§ FE:MW.9000,50-100mPa.S, HUAX
J%:DS=0.7, BIHi T, WHIALGEBEGRARATD 5 VAWK (THF, 99.5%, 7=H KETE 74
I TAHRARD + EBFK CEREAHD .

X AT (XRD, D8-ADVANCE, EEME AT R M H 7 R3S (SEM, Zeiss
GeminiSEM 500, f[E%57]) ; &S H 4. (TEM, FEI Tecnai G20, %[E FEI A#)) ; NBS % &k
46 (1SO5659-2, VLR HI/RE AT 3 MEMZERERERI (TG-DSC Hi LMk -5 2 A F));
LA S LT 0 eI AL (GBT 5282009, 5f g A Bl il He R AR 271> o B ReRE ) i+ 4=
(ZNCL-TS-C 1) 3 AURT N (SCIENTZ-10N) ; #SZE 0L (TG16-WS D) 5 & EI=E A5
Ve (KQ-300DE %) ; #4li/KHlL (WP-UPT-40F JREFAARHERD) 5 (AR 20 4M GG (FTIR,
Jasco FTIR 4200, HA) ; TR (NBL-124i B) ; e aUESHE (2Xz-2 1) 2%,

1.2 SEHEE

121 RTAAREZMRERAE L AERBMA R S Hok, B 1gCMCIHEMT 100 mL £ 5
TIK, BARE 0.5 g MH, #H 80T 50 mL /K L8 K MH 2 BORAE 0.5 h, BEJE &I CMC
Bh, wEEHEE 8 h. )5, BIRAEBEC S min, [ E FKRTEKLEER & Pk 2-3
WG N 1-2 mL 2% 85 F /K0 BUA VR 10 h, 55 @7 T8 18 h, 153158 H L 47 48 R T fb o SR
R (CMC-MH) R FEF K

122 RATH Lo+ H & WMIEREN & 7 PVC EEMEHARE. iR T, K PVC WET%
R Tab.1 WP IGFECEL R T 20 mL PUEPRIE (THF) H, TEHEA 500 r/min (ARG /19 FESE EHiFE 3 h
J&» MM Tab.1 HANFEIZH 5> 1) MH F1 CMC-MH, 3 DB S, RaEmiHE 12 he B 5B S8 75 0.5
h, REEAERE RS EEEE 0.5 h, 25 BRI B R O AL R VU SRR b, RS EEIR T
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FE 5h, RIA38] PVC BEEMHEL

Tab.1 PVC composite formulations

Sample PVC/g MH/g CMC-MH/g

PVC 1.0 0.0 0.0
MH,.1/PVC 1.0 0.1 0.0
MH./PVC 1.0 0.2 0.0
MHo.3/PVC 1.0 0.3 0.0
MH,.4/PVC 1.0 0.4 0.0
MH,s/PVC 1.0 0.5 0.0
CMC-MH,../PVC 1.0 0.0 0.1
CMC-MH,../PVC 1.0 0.0 0.2
CMC-MH,.:/PVC 1.0 0.0 0.3
CMC-MH,.4/PVC 1.0 0.0 0.4
CMC-MH,.5/PVC 1.0 0.0 0.5

1.3 WiR5RIE

1.3.1 4 2ot B3I 0% o 47 (LM AR AL A6 (FTIR) WK MH. CMC #1 CMC-MH F¢
a7 S KBr 4% 1:100 BIECEIHR G, ARG IRA DRI RN 0.5 mm. BEARN 13 mm 3 4%
FEf o £E35 S 30T 3018 7 R EGE N 4000 em! & 400 eme! (R, 3000 2 Wk, 0 FER : 4em !,
I MH. CMC Al CMC-MH 1776 I B fE ]

1.3.2 X S&ATH 247 KA XRD KA /£ MH Il CMC-MH £ i 1 77 76 B A A (20=10°-80°,
HEHE . 10%min) , HJE: 40KV, H: 40 mA, FiREEFENGHTE RS TERAA T T, B
JSOH R I AT I

1.3.3 BEHRes A HFRABEJEN PVC. MH/PVC Il CMC-MH/PVC & & 448 1) i T AR B 5
WITES . T W% MH Fl CMC-MH [R50 T 55 -

1.3.4 #4 w4k ir: W% MH Al CMC-MH Ff IO E5 0 . FE e Je o BB e h, s, HL
B = T P o P 7 S 7. o

1.3.5  Fpm b Ak X AR 5 3 0k S R 2 R 7 VR (GBY/T8323)MNA, A i A : 75 mm>75 mmx5
mm. HF#% PVC. MH/PVC 1 CMC-MH/PVC & & #4840 i v .

1.3.6 #A2 2 W H5AT: TG-DSC MR N: MAGESE 10 °C/min, ZSHEE, HEHMME: 2 mmx3
mmx0.5 mm. FF#% PVC. MH/PVC fl CMC-MH/PVC & & 4R # ke g

1.3.7 MR AAEH N 2 MR B BUR 5 GB/T2406.2-2009/1SO 4589-2:1996 HEAT iR 56 . B4R IR
A A AR U (5 8/ BURRAE 23°CH2°C R IRA, 80k BE 1A 3115 58 M8, 3 LA 40 mm/s + 2 mm/s (1) 370 e i
WA o AE OB AT 20 - & SR M B A BE 8 30 so A DR mUR SOalRe AR U1 1] AR It AN 22
B SRS, JFARIC SRR TR 2 ST 180 s, MUERMRERAT M. WHMRbedh ik, HE 1s AXEAK
BRIk SRS RERT . ESRAKRE . FT5 % PVC. MH/PVC fl CMC-MH/PVC & &4 kI BH
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1.3.8  UL-94 k%% b Ak ) X,

UL-94 #RGetE GE I 2t 4 GB/T 2408-2008 5 #E AT 040 o #F AL HIA%: 125 mm x 12.5 mm x 3.2
mm, FEREFRMT OKFTTmD) #ATRBINNK, fH 2 10 AR, KBCFIME, RIFEMEHY
RS, T 2% PVC. MH/PVC Al CMC-MH/PVC & &4 81 BRI AE
1.3.9  d5 A Ak X

772 AR AL ) T RE IR L CIRARTEE: GBT 5282009, 5 a & 4 M il B AR A IR 2
FD AT, BUEN 7] 100 MPa, #UEHK R 10%, Fi##H % 100mm/min, 7 : 50 mmx 5 mmx
0.5 mm, FAFESAPFATINA 3 47, SKRECFME, HT%5% PVC. MH/PVC Hil CMC-MH/PVC E &
B )5 RE

2 RS
2.1 CMC-MH 4B ZERE IR i) 45 44 43 b

Fig.2(a)’y MH. CMC #! CMC-MH K] FTIR #% |, Fig.2(b)’y MH 1 CMC-MH [#] XRD # K.
Fig2(a) P LAE th, 7E£7 3696 cm™ ALK BE 5 IE H 1635.85 em™ Ab ) 55 U8 43 5 /& -OH 1) o0 445 1% 21 Al
T IRZ, & MH RSB IE . 5 MH [ FT-IR 15 AR LL, B T & 76 -OH R AL 45 4R 56 4,
CMC-MH 7E 1062.79 em™ &b Bt 5 C-O HEHRBIA K, 995.01 em ! Ab 3 B IH K1 O-H i J§g
P35, 5 CMC 7£ 1058.68 e AL Br (C-O /IR —E(), 40 Fig.2(b)Ffi7x, CMC-MH 1) Bt
ARTHIEN BHS MH [(—50, KW CMC X MH 34750k 38 2o 91 38 208 MH 1 SR 2544
SR, 5 MH AHEC L5 CMC-MH A7 5 06 (1) 5 FE #0055 1, IXRWIE MH KL R HIRE T — =
MU, 454 FT-IR 35 5 F1 XRD HRFEIE )40, FRER BT CMC K-OH 5§ H.0 B EH, &
#ifE MH )2 1 Fr 3.

()

MH
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(02
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Fig. 2 (a) FT-IR spectra of MH, CMC, and CMC-MH; (b) XRD patterns of MH and CMC-MH

Fig.3 #" MH KJ SEM il TEM HJIE H A (a)Fl(c). CMC-MH f] SEM Al TEM N & A 8 (b)F(d)-
MH F¥ 5 ] SEM 45 540 Fig.3(a)Fin, MEHHLUE H, MH N AEUNE R 61, Ridse o A oE
FHEFHEmER ML AREMNS. M2, Fig3b)F i CMC-MH (R L6, i
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HAEIK A —Z#E, CMC fE£ MH SRR IHIE B 7 — Z R, {§ CMC-MH KL EE 73 A B 355,
SPECHEEE AT, R LN . MH A TEM 45 5840 Fig.3(c)Fian, BT LUE H MH AL 1975 77
B, CMC-MH Ff il TEM 455040 Fig.3(d)FiR, W LA HH 07T d Aoy MH, JH A — 2%,
TR ELE RS . 454 FTIR Al XRD 45, 7T LUUE B CMC RS Hb iR b et MH, 26178 MH.

Fig. 3 (a) SEM photograph of MH; (b) SEM photograph of CMC-MH; (¢) TEM photograph of MH; (d) TEM
photograph of CMC-MH

2.2 PVC BE&RIK ¥R

i L (b) 1 Elongation at break - 24
5455 —A— Tensile strength
2 I {12
(a) - pve
—#— CMC-MH ;/PVC - 500 - 4386 _
—— CMCMH)PVC X A ‘“f T 0 =
<
—8— CMCMHy 3PVC E o g
—¥— CMCMH 4PVC g 400 118 =
— CMCMH) gPVC e s
s —— MH( /PVC o 2
£ —A— MHy yPVC _; 300 = @
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Fig. 4 (a) Stress-strain curves of PVC composites; (b) tensile strength and elongation at break plots

Fig.4 9 PVC JKFHMR PVC & & PR R g B AR i 26 K A B F I 24K 28 . A Fig.4(a) 7T A
F i, PVC EAMBHE AT R 7 848 fh 28 R I 2 B B AR TEAT . TG BL, RAE 0~0.8%
NSRRI R, N ) T EE 5~20 MPa i, BPRNEE JE AR B, I AR PR 4 1B R A A g
SEIPEBE LA I T %, 2 AR I B AR 1 HH B B B I IR i R B . RSB B B, B
THRE . NI 12%)5, MOEHE 5 55 Ba) SO sRAE R R AR EE S N AR R AR
NATEIR ETFE RN . &R AR A T 200~ 600%[X B U8, M Fig.4(b)a] LA i, PVC i



BRFHHNES5IE
POLYMER MATERIALS SCIENCE & ENGINEERING

fHBRZE N 19.9 MPa, WrZHK 20N 545.5%, WA MH [ PVC &KL (MH/PVC) ¥ A 5 B
FIIT LK 2R 7y 1l B 1) 8.2 MPa 1 170.8%, ¥l CMC-MH 1] PVC & # %8 (CMC-MH/PVC)
(1) o e 5 55 A1 Bhfr 241 K 3R 4 31 PG 34 9.1 MPa A1 192.7% . MH/PVC Fil CMC-MH/PV C (¥ 3 {H 5 5 J%
WK 2R BARE I BAK T PVC, (BAEAHFIZE S, CMC-MH/PVC [ 3 B2 A W R A 22 AR L
MH/PVC )75 . 18158 B AT 24K R B %5 MH AT CMC-MH 8 I 2 (3 0 B, X2 il TRl 5
MH 1 CMC-MH ¥ & 3K, RN B2, hiffud f2 e, SRR EF, (R R kA Fe i vk
WrZd, 5B (o R I R K R BRI, SR BT CMC 78, 23 T MH 5 PVC HIR 1,
ff CMC-MH/PV C [ {1 58 B AN B 244 K K L MH/PVC 75 . Hi AT )L CMC-MH %t PVC & & 418
IPAE R ALE TN

Fig.5 N PVC B4 MBI ) SEM Kl 7. 454 Fig.5(a)fl(b)rl LL& I, MH/PVC (1)K THFHLHE,
AV 2 ALBR LR R SR AL A, W7 1 SR T AT WL 4% 31 PVC JEAR IR 90 55 45 04 e MH 1) JR 3B 4k IR 328 .
Ifi#E Fig.5(c)#1, CMC-MH/PVC Ff il ()R85, A R FLBRAUBUR R L R, CMC-MH
76 PVC %A Ml BRI R . 454 Fig.4 f Fig.5 7] & ¥ CMC-MH £ PVC & 44 43 #k
PER A, MH [F555R F A6 SO b B9800 7 MH ORI 51 3 FE SR, NI MH 78 PVC ZE R (1 5
BB 4T

Fig. 5 SEM images of PVC composite sections: (a) PVC; (b) MH/PVC; (¢) CMC-MH/PVC

2.3 TGA-DTG 2#7

Fig.6 v PVC B &M B E /i A RECAE Tt 2. PVC IIE T (TGA) R iy #4 &
(DTG) i 247~ 1 3 ML Ry [ B 70 AT 9 o 28 — B B (200-300°C) FR PR BT 5451 2%, 29 60-70%
FEHP HCI KN FES, SN DTG B2k H 47T 250-300°C IR 481 E 73 f# g (Tmax=275°C) . Bhid
PG H AR L PVC F8Erh C-Cl T 2R HCL UM, IR AEBE LS 2 IR 25 M T . 26
ZFrB (400-500°C) BTESK (2] 20-30%) JE TR AR REEMIKIR 5 5 /440, DTG & AEMLIX 1)
S5 IR g (Tmax=450°C) , ZERihiiE .
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(a)
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Fig. 6 (a) TGA and (b) DTG curves of PVC composites in air

Tab.2 y TGA-DTG IAHEEHE . M Fig.6 Al Tab.2 551, PVC MIFIIE D IRE (T5% (°C) , Jii
HEAK 5% AIRE) A 186.3°C. 4R, MHos/PVC Al CMC-MH,s/PVC & & # K53 FITE 174.9°CHl
183.2°CH U 73 il . X 2N CMC B e fEARIR S AT N R AR, B i gs sk, A oK
K4, AKIAE SR T I Ps K, &R CMC FEfERIER . CMC-MHos/PVC Ff i
7E 800°C | AR IR LI N 13.2%, T PVC Al MH/PVC £E5h (7 BN 1.4%F1 12.0%) o iXZEK N
CMC TEHEAR I fRTT 22 KA TR RN, A AR B 8 ST BT B A BREE K, AT IR PVC B4 1)
or il OB AERAL D, 30 s e P 3 T 4 4 SR FELIR LRI 200, 1X 2 B CMC-MH & & BRI E —
SERERE BN T PVC IIFEAR, R ZF MG IR R E R R h B2 18R E L, A iEb
PVC F:AA I 4% 22 A e -

Tab.2 Temperature of PVC composites at mass loss of 5% and carbon residue at 800 °C

Sample T5%(°C) R800(%)
PVC 186.3 1.4
MH,,/PVC 170.6 25
MH,,/PVC 168.2 5.4
MHy3/PVC 171.8 7.5
MH,4/PVC 171.3 9.2
MH, s/PVC 174.9 12.0
CMC-MH, ,/PVC 162.2 3.2
CMC-MH,,/PVC 168.0 5.5
CMC-MH,3/PVC 169.5 7.9
CMC-MH,4/PVC 168.2 10.0
CMC-MH,s/PVC 183.2 13.2

2.4 PVC E&#EHHEYERE

Fig.7 N PVC EA MBI e ZE 4. M Fig.7 Al LAE H, PVC MRS B R AT EL O 55
fH (37.5%) Z&KM, BE%E MH A CMC-MH @IS MG 00, 56 PRI SRR R IZ W 80N,
MH/PVC. CMC-MH/PVC & &M EH E G5 AR 70 0] PRI 2 21%H01 15%. Fig.8 A PVC B &H B
B K HG G5 B | /NI G 28R B K GO % BRI [R] . FH Fig.8 RI %1, PVC ff K HOG % R 37.5%,
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B/NENFEN 52%, IMkEE MH FI CMC-MH I 13800, 52681 5 K b 25 5 32 T i /)

B /NI G FRIZ WG . B4R MH/PVC F1 CMC-MH/PVC ¥ #5 K EE % %8 B 43 5198/ 2 20.9%A1 14.9%,
BNE R M INE 69.3%F1 77.2%, {HJE CMC-MH/PVC # MH/PVC ) #5: K H L % AR 6.0%,

BRANENCEE 7.9%, X 2EF N CMC-MH {23 2 & MR R 3 MR J=,  ORA B 5T AN R e

IR R, B CMC-MH/PVC 5 MH/PVC A Lb A5 58 5 (1) F AR AR

38 34 32

- gg (a) w\l"’ _ 2E® - 3oL (0
2
g3 A g 2 g uf
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Z 28 F 5 T M
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Fig. 7 Composite smoke density curve: (a) MHo.1/PVC; (b) MHo.2/PVC; (¢) MHo.3/PVC; (d) MHy.4/PVC; (e)
CMC-MH,../PVC; (f) CMC-MH,../PVC; (g) CMC-MH,3/PVC; (h) CMC-MH,.4/PVC; (i) MHo.s/PVC; ()

CMC-MH,.s/PVC; (k) PVC

B Moxinmm specific optical denaity (%)
[ Miminmmn tranensttance (%)
B Maximmm Specific Optical Density Carresponding Time )
256
246

Fig. 8 Maximum specific optical density, minimum transmittance and time corresponding to maximum specific
optical density of composite materials
2.5 PVC E&MEHIBERAYERE
Tab.3 7R, 4H PVC ) LOI N 23.4%, XEME PVC &—F 5 R RS EL . MHos/PVC &
#EHY LOL 4 25.3%, 1 CMC-MHo3/PVC 2 &8 EHE LOI #2 5 3 28.6%: £id UL-94 JAKRINA 5
RIL, SEAEMRIRBS LN HB %%, B4 PVC M= KIE)E, WL T ESNEBREE, KIG
A i A 100 mm, 17 MHos/PVC A1 CMC-MHo3/PVC 25 M EHE 2 51 Kl G, A HBLAT WA
JaRRE, X — IR UL IIAE PVC MR I BRA R B o] A 25 7+ PVC MBI B R . P AR iX —
LR EFE & : MH 4 CMC a7 )5 6 iz e 4 i, s 73R 5 Rk 2 M A 251, 42
w1 1 MH 7E PVC Bk 1 0 BrE . TERRMBRIE AR R, AR5E CMC S 2 T e 8 e i 4 FH 2. CMIC 7
B fR AT 2 R AETF IR OB, FERAR T R Y 5 & PR ACBRZE M, AT I PVC A4 1) 43 i (it
IKANGEAL ) 380 R 1 T A P SR A BELR AL, (e T R T A, TEMRR IS AR R Ra 4 T AR
WL, TR PVC SE4A 1 4k SR B2
Tab.3 LOI for pure PYC, MH,.3/PVC and CMC-MH3:/PVC composites

Sample LO1/% UL-94
PVC 23.4£0.2 —
MH,3/PVC 25.3+£0.2 HB
CMC-MH,.:/PVC 28.6+0.2 HB

Fig.9 Fi7s MR R SEM B, PVC B IR IALRE . HIK, W HCE AT LI, SR
Bese4s. CMC-MH/PVC KRR e B HBUE , Todel, S8 H LML, XRFN CMC iR T
DR, B TR AR TR B A, RS R be i LAk, A4 i B A R BE -
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Fig. 9 SEM image of the residual carbon surface of PVC composites: (a) PVC; (b) CMC-MH,../PVC; (¢)

CMC-MH,.2/PVC; (d) CMC-MH3/PVC; (€) CMC-MH,.4/PVC; (f) CMC-MH,s/PVC

3 4k

KA T R AL 4E R (CMCO) MR AME (CMC-MH) BHAF, BN H TR
LW (PVO) & T, BERIA TEAEMENLE TR . CMC-MH 5] AME PVC E & MEHI IR
AARE (LOD T+ % 28.6%, MG K FIE 13.2%, HEKHICEE R ERIKE 14.9%, &)
TGRSR 77.2%, WEHAMEGE IS B FE SR, AR R I, B B Y % 280
R, HRMRAHRESEA, XA T I OGBS . £ )% ST 454 77 T, CMC-MH
TE PVC BAR b - B RAF, 4 7 RURL AR, (019 2SR -F 5 5] Bk, Hhn s e 5 i
UK R T MH/PVC 1R &R, WA T SRR /N . 25 TR, CMC-MH 3# i 235 43 ik
PE (RBEEE R, FE W E ST PVC MPRHEBR S8R I R I, B s R 1 ) 5 Re, RIT
R AR R B BRI SR TR L, e R BRI T PVC AR s AR -
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Effect of Carboxymethyl Cellulose Microencapsulated Modified
Magnesium Hydroxide on Performance of Polyvinyl Chloride

Weixun Ma'?3, Xiao Luo'?3, Lianglian Zhao'?3, Xiaoyan Liu"?3, Jiayue Wang'>3, Xinxing Lan'??3,
Xinghong Duo'?3, Xingmao Duo*, Zongliang Tan*

(1. College of Chemistry and Materials Science, Qinghai Minzu University, Xining 810007, China; 2. Key
Laboratory of Resource Chemistry and Ecological Environmental Protection of the Qinghai-Tibetan
Plateau of the State People's Committee of China, Xining 810007, China; 3. Basic Chemistry Experiment
Teaching Provincial Demonstration Center, Qinghai Minzu University, Xining 810007, China; 4. Qinghai

Salt Lake Special Magnesium Co., Ltd., Xining 810000, China)

ABSTRACT: To address the issues of high surface polarity, poor compatibility with polyvinyl chloride
(PVC), and low flame retardancy efficiency in magnesium hydroxide (MH), in the study, carboxymethyl
cellulose (CMC) was employed to modify MH through microencapsulation. CMC formed hydrogen bonds
with MH to produce a microencapsulated flame retardant (CMC-MH), which is then incorporated into
polyvinyl chloride (PVC) to prepare composite materials. Thermogravimetric analysis, scanning electron
microscopy, smoke density tests, and tensile tests were employed to characterize the thermal stability,
flame retardancy, smoke suppression performance, and mechanical properties of the composite materials.
The results show that the char residue rate of CMC-MH/PVC samples at 800 °C is approximately 13.2%,
higher than that of PVC (1.4%) and MH/PVC (12%). The LOI value of CMC-MH/PVC is 28.6%, an
increase of 3.3% compared to the LOI of MH/PVC (25.3%). The maximum specific optical density value
of CMC-MH/PVC is 14.9%, lower than that of PVC (37.5%) and MH/PVC (20.9%). The tensile strength
and elongation at break of CMC-MH/PVC are higher than those of MH/PVC and slightly lower than those
of PVC, and their mechanical properties will not have a negative impact on the composites. These results
indicate that the CMC-MH flame retardant is well dispersed, forming a dense char residue, thereby
enhancing the flame retardant and smoke suppression performance of PVC composite materials.

Keywords: carboxymethyl cellulose; magnesium hydroxide; polyvinyl chloride; microcapsules; flame

retardant
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