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Abstract
In view of the large use of disposable medical protective clothing in large-scale health emergency
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or epidemic prevention and control process, and the threat to medical waste treatment enterpris-
es and environmental capacity after waste, this paper investigates the research and development
status and trend of recyclable medical protective clothing in order to save the raw materials of
medical protective clothing and reduce the production of medical waste. Materials, decontamina-
tion requirements and performance evaluation of medical protective clothing are reviewed. Based
on the analysis of the development trend of recyclable medical protective clothing at home and
abroad, some suggestions are put forward, such as establishing unified domestic standards for
recyclable medical protective clothing materials, protective performance, comfort, waste disposal
and other fields as soon as possible, improving the enthusiasm and innovation ability of relevant
domestic production and research and development enterprises. It provides reference for streng-
thening our ability to respond to health emergency.
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Figure 1. Some brands of medical disposable protective clothing

B 1. #5 mhRrE R — R IR AR

AR ANERR MR P RIS R R B B, ROERANE PTRE IR, /e e XIS
IN—ZRAEARLG AT, BERUE T B IRMEE M, XL B PUE . IKGEThaE, ik TIbIEReR. iE
R WIS, WM R, Pra i s E M. Pris/KE. RIEPUEHE. pri Bk, e RLr.
PRIRIR S5 [S]0T T IE IR 37 IR KL PTFE A BREWEAT T He IR, X “BRBRISEEAN + HfL PTFE i
+ SRMIRAT” = E AT G &I, SRR 100 mg/L (id S SRR BT U AR FE, BRI
F 20 REFBITRMK IR FTOREF R IFIIHTIB/KIE . Widkdom 7). BBk, A5 [6] LADI i B s A ik K 22
TECASNE . PU BIEBONIHIRZ . B KLLRmEEINE, KRS &38R B (PUR) A R XL
T E A 2 T A RIS A B B AR TR, 48 10 RIS (60°C/KIR)fE, HytFKIERIA 9.8
KPa, FHERTERE. P& RN EYERE . Bk PERE LK 97 fi M R348 1] GB 19082-2009 (= FH — M
MREARER) , (HARREHEWH TR KRR RIS M R BT IE MERE R 2, HOE SRR 0.4 mm/s.

AEAAE B IR 7 R S, TRE N E G A N\ S AR, HRARHEERET,
5y 1 T B AT W R R PR L, WTAH B R RS ISR R RE Bk TR . DB R[] 4G R B R4
SR KGR TR T S gnTikl, 55 DU 20 S FLIE 6 n T Rl o mT 41 2448 FH 22 FH 9 9 A
it — R A9, (EKIE 80 YUKBEE G, 1% TR P b B Re AT 2 B AR S 4L

RIS A 2 4 A T e o, BN L 0, Prii i th iR e ot Re, SN =B
AR ANERRAE S — R MR IR 0 52 TR i iR E R, AR AR v (E L T 2R i A B
BRI IR — B B IRARAE TR 10 £5 DA L, SRR B8 i 0 NARETIE S . FEAR 7= T 2400, B
RUREIAE I B I IRAE AL 48 L 2 knt (] 2), RiREE ERAHBEARNGS B T2, ALkt
= 4 AR I — DR PEAS T RORE GBA, 1% T2 0T CAGRAEAE FR R F S Yk J5 A Rk 2% B 8500 - B4 i vk
TR F S M D AT AR A, A A @O 10~20 K. AT AR IR B B R EE R A0 P 3 TR

Snigdha SF[81WF 78 &L, RIAEIAME F (1915 4 MRt P85 1R 52 e /N T — Ik VR 4P R, 9 dn, 56 FH T {34
15 FH B 4 A AT Ao/l F 98 02 R BB G FE(=64%) il = SUMACHE I (=66 %) A [E 14 JE 4 7= £E (=<84%) o RIS Xt
FNFH AT OGS AN — IR ARG G AR A A REAT T RO L. B RRE, 5 —IRMETF AR IRA R A
FHEG, AT OB T AR R A T AR AT T FEE 2 (1 B 28 B JE e (=200%~300%) Fl17K (=250%~330%), {H Ak
JEITE(=200%~300%) HEAIG, 7= AL A R PR LA RN 1A R 90 (=7500%) BE /> o At — (- ml G A58 FH () B 4
IRFE~36.1 vo A%, T —REE IR T ~57.8 Juiass, XERAEAL AT IEIME F AR S GE
FERNE = SRHEBON 8%, 10 [FIFER— R MEF ARy 13%. Yang SE[9]4& H T —Fl i 24 i 2= 2 B 47 Aob
B, Al R g 22 i) 4T R 1 SRR 2 TR IS Th B TR SR (TR A TR - S DR 0 T e ) 5 2 0 T e IR AL 2T 4
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BRI A 2 o R R ISR & B s b il SR A AR SUE S R T b, SRAS TR A —
UHEER B E S8 BT8R A S B 5 RS R SOR AR R 68 0, B 12.3 g/g 1 63.8%,
BRRWRIEZN 1.04 g/h, & T HAUPDRHIRE R (12 0.53 glhy. B ATRHGE R A 3] 12638.5 g/(m?-d) A
HRUAMENY) 307.6%. 1208 B KL AT AP IR NS A0IR A2, R E R mES AN RIEFERE . Zhang
S5 L0]38 Ik I3 ¥ B A RN 18] B A 25 ) #2046 T — B LA AT FL R 2R 1) 3R I/ 3R 9k B (PET/PAG) W
Moy iz 230, 1871 1 B2 747 IR - C6 JE R 3R & 1M 37 il D0 57 PR Rt 7K P (TP R 6k £ 130°~128°)
[FJEF, e I R B R A AR AR A ), R R B FLBR R IE M 64.19%~88.64%I15E P . b 4h,
BT FLBR 2 AR T B /K PE T, FF S I8 R0 A0 3 (1 SR 3K BE 19 93 (24.3~34.5) . R I 1Y% < 14 (46.3~27.8
mm/s) Al = i 7K s /1 (1176~4130 Pa).

&

o 57 e —— &
— Ty %
f’r’iff ! //x@//

Figure 2. Processing technology of traditional medical
protective clothing
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Figure 3. The one-piece type recyclable medical protec-
tive clothing structure

3. EHXAERERERGIFRES

HI 1R, AT AEIAE A R B 7 A R — O R B3 IR LA 55 A T AR e 35 11] [12]

DOI: 10.12677/ms.2023.135050 475 PR R


https://doi.org/10.12677/ms.2023.135050

VR 5%

bt

Table 1. Comparison of two types of protective clothing
= 1. PR ARAYVELER
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I8 T B4 T A5 5 AL 27 5k B D B A TV 7 T RERS A 3 R

3. WHEXIREFMMEREER
3.1. EIPSMBXRIRE

KR 2020 4F, 8 24 i i B BRI DR T T e 58 15 v 2 R 1 1 FH 7 9 IR R ol i e, R IR 1L AR A B
7 A TR A R P B BT IT AR R 56 P A 22 K B AT T R 25 AT L i HE R PR AR AE——YY/T
1799~2020 (] EZAF AL FHBIP IREEAREKR) o bk, € 1 AT G 8 F 22 FH B4 IR I ARk (b
i) PERESHL. HUBRIERE 73 IpE . V5 BRSO IR 5 RS A S B AL R R A IR T E L
Al bR YE E AR g7 2 A TR A RS C R A P RHE M R R B IR, LS RTE R RS
B4 IR BHE A A 10 7.

5 [ B AE B H B 3 5 — A AT AR R AE HI B 47 i, AT By 2018 45 3 [ B B 1 1T HY
NFPA 1999-2018 “Standard on Protective Clothing and Ensembles for Emergency Medical Operations” . 1Z#x
{HEEESRAEATIN B 4 2 6 HLBEAT 25 IRl TIRAEALEE, € 178 B BB T B vh s B3 IR A B 4
HERIBTHEOR . PEREERMISEIG Ty 1%, 7836 [ BT a3 e it W43 KA 1) ANSI/AAMI PB70: 2012 “J]
T A LR A Rt ) 977 97 Al 2 R T 7 PRI A BEL RS 12 RE AN 4328w Ay 5 T E R T R B rh A Y 1) 77 47 AR R BT 47
AR AR B4 EPERE A 73 2RO E , 1% & T — R AT AT R AR FH 27 B4 R B R AR Tt 47 1)
BS EN14126: 2003 “[5j 4 AR BT/ 4 71 (1 14 BB 2R ARIG 718 ” R T Husk e B4 Ak 1 P g LSRR 256
Jridke H R0 0 e 4 kb o 5 13 3 [ [ SHR MY 22 4 AR A 55 Bt (NTOSH) A AR i 1)
EN tr#fE. 3¢ 2 SRR F B4 Ik bm ok b R B 4 v e 3 AT 17 5 LU XS [13] [14]

3.2. MERERK

RGP 22 FH 47 A ) S AR s A T DA B ARG AR, BT DAAE e i A B R J5 35 sk ik
ITHEREVEMN . ARABIRE AT YYIT 1799-2020 (nJ =43 {8 FH I FH Bl 4 AR AR LR ), RIS 3416 FH 22 A 7
PRI REER AL S PIB KM . LA RIS BT . REPURME. Wi, WaMhKR, JiEeE
S5 [15] [16], TG W% 3.

A %) AR R BUE I BO AT IS Be W SRR R S, B ARG M ST B AR A,
Jrs PrEESEERAIIHREIEE s HRIAEAE 2, BRI BRI %R B sl kG B 2 A A B n T
G, JelE. EE. AFEERM. RELMES . HREUAH L FIRER . FF, A 5K EP i
RS C e sk B AR T 10 pg/ge
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Table 2. Comparison of medical protective clothing standards in China, the United States and Europe
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% el FEH RK B
ANSI/AAMI PB70:2012  EN 14126:2003 [
—_— ?yggﬁﬁgig NFPA 19092018 2l FEFF (RUEHLIG TR 4 D f 23 b
- * B=I7 FAR B ik B4 BR3P A0 (A R AR 1 A B SR AR
FHESJZ MR AN 73 26 96757
%%*/E PhEE A KR #7K JE(1SO FDIS
(GBI/T 4744) (AATCC42) ok B MR 16603, 1SO FDIS
o 217 em H,0 EMPULAATCC22)  (AATCCA2) 16604)
i e[RRI AR BIERT ) (M3 A)
ﬁ (GBIT 4745) ASTM F 1359a i K e AATCC127 RIEREE
i >3 %% (AiEK) (1SO/DIS22611)
KE
" FAAKNA T R 5
PUEM 6B 19082-2000 3 A @
M % ASTM F 1359 (i id) . ISO 16603
B >1.75 kPa (2 £%) ASTM F1671 (Ri&id)
ASTM F1670 (fNi&id)
PR K B T E I .
A % ASTM F 1671 hi-X 174 ~ ASTM F 1671 hi-X 174 W A
EiEN PURBAAR R A kA s
GB 19082-2009
o N i A AL 12575
IR 5.7 %3k & 7 (1SO/DIS 22612)
>70%
Table 3. Performance and key parameters of protective clothing
= 3. FriPBRMEAEA X S
PERE KK
skt B 7 AR O B0 7 K R RS /N T 3.5 kPa.
i B 37 HR A REZE U B S AT 3000 g/(m?-d)
PUA B 27 B 1 B 37l & B R 2 5 PR AS /N T 3.5 kPa
eIk ARITAC 747 I S MR 35 7K S R AS /N T 3 R SR
W5 157 377 . e e S T A e 1 ) R 7 B 458 3 82 I T 250 N
KA B 477 B S SR AN A IR P A8 i) R [ W7 8- SR B AR T 15%
P8k B 3 R AR AL A B T 2458 J)AMIE T 125 N
BUR)Y 75 47 i X B S S A ek B B B A o At P JBUASE PR 908 % REANIE T 80%
E/INE e B4 MRy B REAN & T 0.6 G
B H)HI 25T Co 60 fEEH RS

B3 RS54 GB 15979-2002 A MB AR B R (L 36 4)
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Table 4. Microbial indicators of protective clothing
= 4. PP BRIN A IR AR

YT 7% A 8 CFU/g PN 7T L SRRRAT 1 WILEEERR B 0 B v S 4 CFUlg
<200 AR AR AR <100

4. ERBFRAREA R

BT SR - BYiM el JCYifi PE A1 PP W2 — ki PE MGk, XU RMB R, FF
R AE T AR RO RE 7 TH 5 BRIt . SR, B LA — L RARA) . BB T A BRI AT S 2
SR, XL EF Y] DL A P R AN BT DA L RTAE R A B . A, B TR AR PR B R B B A
FH I — Se A0 2 R IR B B AR R F 256 75 T R B — PR AR I P B A T L2 o edbh, (A
BRI SEE AT RIS PPE AT AEA Bh T 92 B B 1 9 ) 2 M RE A P R 4272 i [17]

COVID-19 KJiAT FBUMN N B4 5% 21 S 3 I, B i 6 I 87 PR 8 ek ok >R 5 S5 e H a3
XA AN R, 2 O IAE AT AL BB B (0 PR I8 ] RS ORI AR, Il AR 2R m e T A A
X AT e 28D I A TS G BT IR BB . FRATE V) T BRI TR PR AT I B RN o B 1R A G PR
W5 — MR ADIR A WB B AR o eAl, A5 FH T AR A B4 ik 56 1 (2R L RR) R [T AL SR 6 D 1 1 7 4 R T A >4
I — U SRR 2 1R 77 47 AR it K A B 10800 X PR S8 PR 52 0, 3 SR 1) B AT R () B 4P AR AR B 22 55 1)
AR . WK AE T ) T RE 2 WGP FH 2= FH B 3 IRADRE R, B & R A B2 F, ORI BRIT N IR e 4 B
B HBEWIN T TEMAR 2 NRESY). SELSWRE RS, 1R B iR fl & - #8 A M
Mo BB IR R EZR A mER . =B mESIhRENZE RS sk E S WHiE. BT H
BIAR SIS, & rT MR TG ook, tmr BUA ST H 1.

BT R B TAE N A A A3 15 % (PPE) R 75 5 IR 5 52 Sk g A 3 1) BL e ek i 52 21035 4, IRk i2 i vh
HH ¥ G A 5 (A% 6 RS KO I o FEIX PR O T, Bk — Pl b R AL BRI 5 1 2 0 B 2 . Keum %5[18]
OB T —FPPURE . PURTEMPUED S Y = EIRE R A, 1R AT LUR 25 5 Hh iR 7R S B R
K, LA PPE R ARG B, 18 W RBHR = E e R SR (T HE AR T i 2l (DMA)-
R(CZB7) P EWIRIREE(PEGMA)-ZE4Z) /KB, 7E PPE RIHEHIRE . N T HiEPiTs MPTHE E it
AR LL ], FRATE T DU FRAS [ Lo A5 ) SR A 0 EAT 1 B PUBE AIBOm B 3 DL 5 s B S
FRWEE REHOMEIRE, —MRBWBURE, 75 LPRERGE. TBERLme, REMRE
[ PPE R IMIE 59 AR 5 A A0 2.7 HAH 2K B 0K B (=65%~75%) A1 HT 18 (=75%~87%) L &%, FHR
FEHAe 12D 24 /NI, KRN T — RN ANBIH SR E & 2% 1 o AR E R 80T 13— i
B E R, PAFIREEE L 1(3.5:6:0.5 AT 3.5:5.5:1) 1 5K (DMA-PEGMA-QA)4: 7 1] PPE 3/13 1 K I 45
S WAL, PR B R AV AT R AV VAL R, 7R/ BRI TR R S a4
B GO B, R IR A P04 vT e S ED A Tz A

4.1. BER

WHATE AR T 2 MR R SRR /TR T A FARAK FARE. P ikiahifE. /£ 1940
SRS YR T oL A SO R G AL E, A R AR BOR AT R G s A K PE R L R g . X
RGBS R R 227 gk PR LGSR, TG =5 & HRPTREE SR
& IR I 2 G 3 T 208 =M s — R B K BEiE. Biio g, B, IR E SR, B
EHliETZmE 4 Fron. hBEMERL KL A JEi i s AW, BARERRA, TRAEE
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DOI: 10.12677/ms.2023.135050 478 PR R


https://doi.org/10.12677/ms.2023.135050

TR %

W WCEY . B B EERRBHRACR . X DU R W SURK Zhae 5 H A R e h R B, B
AR AR B BEEAFREN&ELRY), A, SR AN BRI K &
R MIBREE, PRI 1 VE

T S R IE 1

Figure 4. Schematic diagram of the composite manufacturing process
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E&WE

677 R KA AR E 35050 H (2019KYQDA44), b7 B K2 K24 018 A1 BA T H (2023 4F48
BRI E); T2 HERHFEE A4 T H (2019TIGC015).

DOI: 10.12677/ms.2023.135050 479 PR R


https://doi.org/10.12677/ms.2023.135050

=
S
b
T

(5]
(6]
[7]
(8]
(9]
[10]
[11]
[12]
[13]

[14]

[15]
[16]

[17]

(18]

[19]
[20]

308k

HULFR, VRS, XU, &5 ERHBIRET SR [I]. M1, 2020, 48(7): 79-84.

mHpeE, D5, B, & — MR AESUEM B Tk R KR EE[I]. P 4R, 2021, 39(11): 9-13.

By, DI, A%, 5 SGREH RSP IRRETE M R U R[], ARSI, 2020, 48(4): 75-78.

;}%iffiéoﬁm XIFaMg, FEP, BEFDE. ATIREE A R B AR ICR T 78 ST K [J]. Y@ BHR, 2021, 43(4):
51+60.

MRefik, JBEUT, sk, mim, BEARAE. WIOGIAAE A B2 A B4 i ikl 6 B R A FE [J/OL]. #Rgi 4R 1-5.

http://kns.cnki.net/kecms/detail/61.1132.TS.20230329.0859.002.html, 2023-04-25.

I, TR, R, 55 B0 B IR S0E N s PR AR BB R R A [Z]. B i e T R

HBR 2, 2020-05-23.

PRERE, YRR, BOKAE, & SEHEMTARRIER LTZHE0]. 99082231 5%, 2019(6): 92-95.

Snigdha, Hiloidhari, M. and Bandyopadhyay, S. (2023) Environmental Footprints of Disposable and Reusable Personal
Protective Equipment—A Product Life Cycle Approach for Body Coveralls. Journal of Cleaner Production, 394, Ar-
ticle ID: 136166. https://doi.org/10.1016/j.jclepro.2023.136166

Yang, L., Liu, H., Ding, S., et al. (2020) Superabsorbent Fibers for Comfortable Disposable Medical Protective Cloth-
ing. Advanced Fiber Materials, 2, 140-149. https://doi.org/10.1007/s42765-020-00044-w

Zhang, H., Cao, Y., Zhen, Q., et al. (2022) Facile Preparation of PET/PA6 Bicomponent Microfilament Fabrics with
Tunable Porosity for Comfortable Medical Protective Clothing. ACS Applied Bio Materials, 5, 3509-3518.
https://doi.org/10.1021/acsabm.2c00447

VR, wSCHE, HTH, S RTARER A P EE D AR B ST R[], R BT 4, 2021, 36(6): 160-163,

2R, TReR, TAEM, 55 Wi e aE AP e 5 87 & v APt ge w7 0], WiBiE&itiz, 2022, 28(1):
28-31.

Afroj, S., Britnell, L., Hasan, T., et al. (2021) Graphene-Based Technologies for Tackling COVID and Future Pan-
demics. Advanced Functional Materials, 31, Article ID: 2107407. https://doi.org/10.1002/adfm.202107407

Ponomarenko, L.A., Belle, B.D., Jalil, R., et al. (2013) Field-Effect Control of Tunneling Barrier Height by Exploiting
Graphene’s Low Density of States. Journal of Applied Physics, 113, Article ID: 136502.
https://doi.org/10.1063/1.4795542

Forkan, S., Nazmul, K., Shaila, A., et al. (2018) High Performance Graphene-Based Natural Fibre Composites. ACS
Applied Materials & Interfaces, 10, 34502-34512. https://doi.org/10.1021/acsami.8h13018

HHrE, TkdFR. PTFE/RBARS & 4 1 SARS B 5 i& I HLEE BT 78 [CI/EE = JE ThBE I &5 21 ik Ko gl K e AR N7 FH AT
Wk, b E YT SRET SR, 2003: 290-297.

Cai, L.L., Xu, L., Si, Y., et al. (2022) Autoclavable, Breathable, and Waterproof Membranes Tailored by Ternary Na-
nofibers for Reusable Medical Protective Applications. ACS Applied Polymer Materials, 4, 556-564.
https://doi.org/10.1021/acsapm.1c01460

Keum, H., Kim, D., Whang, C.-H., et al. (2022) Impeding the Medical Protective Clothing Contamination by a Spray
Coating of Trifunctional Polymers. ACS Omega, 7, 10526-10538. https://doi.org/10.1021/acsomega.1c04919

TE R, KER, R, % R TR PTRE SBMILA R R, BRESER, 2005, 25(4): 26-29.
BEIRTS. FET = U R LR 4 A n i s i v S F B AR R [D]: [ 240018 50]. il REERAE, 2022.

DOI: 10.12677/ms.2023.135050 480 PR R


https://doi.org/10.12677/ms.2023.135050
http://kns.cnki.net/kcms/detail/61.1132.TS.20230329.0859.002.html
https://doi.org/10.1016/j.jclepro.2023.136166
https://doi.org/10.1007/s42765-020-00044-w
https://doi.org/10.1021/acsabm.2c00447
https://doi.org/10.1002/adfm.202107407
https://doi.org/10.1063/1.4795542
https://doi.org/10.1021/acsami.8b13018
https://doi.org/10.1021/acsapm.1c01460
https://doi.org/10.1021/acsomega.1c04919

	可循环利用的医用防护服研发现状及趋势
	摘  要
	关键词
	Research Status and Trend of Recyclable Medical Protective Clothing
	Abstract
	Keywords
	1. 引言
	2. 可循环使用医用防护服的研究现状
	3. 论相关标准和性能要求
	3.1. 国内外相关标准
	3.2. 性能要求

	4. 医用防护服的材料
	4.1. 高密织物
	4.2. 涂层织物
	4.3. 层压织物

	5. 结语
	基金项目
	参考文献

